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PREFACE  TO  THE  FffiST  EDITION. 


•«p«- 


rrniS  WOBK  was  origmallj  intended  as  a  New  Edition  of  TTni'g 
-L  Dictionary  of  Chemistry  <md  Mineralogy ;  but  the  great  changes  made 
in  chemical  science  since  the  publication  of  the  last  edition  of  that  Dictionary 
(1831) — changes,  not  merely  consisting  in  the  addition  of  new  discoveries, 
but  involving  a  complete  revolution  in  the  mode  of  viewing  and 
expressing  chemical  reactions — ^have  rendered  it  almost  impossible  to  adapl 
any  matter  written  so  long  ago  to  the  existing  requirements  of  the  science. 
The  present  must  therefore  be  regarded  as  essentially  a  new  work,  in 
which  only  a  few  articles  of  Ure's  Dictionary  are  retained,  chiefly  of  a 
descriptive  character.  In  compiling  it,  the  Editor  has  freely  availed 
himself  of  the  stores  of  information  in  Gmelin^s  "  Handbook,"  Gerbardt^s 
"  Chimie  Organique,"  Boss's  "  Traits  d' Analyse  Chimique,"  Dana*8 
^  Mineralogy/*  RAiOfELSBERo's  ^*  Mineralchemie,''  the  "  Handworterbuch 
der  Ghemie,"  &c ;  and  has  endeavoured,  by  careful  consultation  of  originaJ 
memoirs,  to  bring  the  treatment  of  each  subject  down  to  the  present  time. 
He  has  also  been  fortunate  in  obtaining  the  co-operation  of  several 
chemists  of  acknowledged  ability  and  eminence,  who  have  kindly  con- 
tributed articles  on  subjects  to  which  they  have  paid  special  attention  :— 
a  List  of  their  names  is  given  on  the  next  leaf. 

The  work  is  essentially  a  Dictionary  of  Scientific  Chemistiy,  and  is 
intended  as  a  Companion  to  the  New  Edition  of  Ore's  Dictionary  ofArts^ 
Manufactures^  and  Mines,  to  which  therefore  reference  is,  for  the  most 
part,  made  for  the  details  of  manufacturing  operations;  but  those  branches 
of  chemical  manufacture  which  have  come  into  existence,  or  have  received 
important  developementff,  since  the  publication  of  that  work,  are  described 
in  this  Dictionary  as  fully  as  its  limits  will  allow,  and  in  all  cases  ex- 
planations are  given  of  the  principles  on  which  manufacturing  processes 
are  conducted,  and  the  cliemical  changes  which  they  involve.    Particular 


Ti  PREFACE  TO  THE  FIRST  EDITION. 

attention  has  also  been  given  to  the  description  of  processes  of  Analysis 
both  qualitative  and  quantitative. 

In  order  that  the  work  maj,  as  far  as  possible,  truly  represent  l^e 
present  state  of  scientific  chemistry,  it  has  been  found  absolutely  necessary 
to  make  the  modem  or  "  unitary  "  scale  of  atomic  weights  the  basis  of  the 
system  of  notation  and  mode  of  exposition  adopted.  Especial  care  has, 
however,  been  taken  that  the  treatment  of  all  Articles  which  are  likely  to 
be  consulted,  for  the  sake  of  practical  information,  by  manufacturers,  or 
others  not  exclusively  occupied  in  chemical  pursuits,  shall  be  such  as  to 
make  them  readily  intelligible  to  all  who  possess  a  general  knowledge 
of  chemistry,  though  they  may  not  have  followed  closely  the  recent 
developements  of  the  theoretical  parts  of  the  science.  Hence,  in  all  such 
Articles  (as  Acetic  Acid,  Aio'Diomt,  Copper,  &c.)  the  formulae  are  given 
according  to  the  old  notation  (printed  for  distinction,  in  ItaUc3\  as  well  as 
nocarding  to  that  adopted  in  the  rest  of  the  work. 

Temperatures  are  given  on  the  centigrade  scale,  excepting  when  the 
otwtrary  is  expressly  stated. 


HENRY  WATTS. 


LoiTDOir :  Ju!y  1863. 


PREFACE  TO  THE  SECOND  EDITION. 


IN  the  seven  years  which  elapsed  during  the  printing  of  the  First  Edition 
of  this  work,  the  views  of  chemists  respecting  the  atomic  weights  of 
some  of  the  elements  underwent  considerable  change, — certain  metals 
which,  in  Gerhardt's  unitary  s^'stem,  were  classed  as  monatomic,  being 
subsequently  regarded  as  diatomic,  and  their  atomic  weights  doubled 
accordingly.  As  the  work  went  on,  it  was  found  necessary  to  modify  the 
ibrmube  in  accordance  with  this  change  of  view,  and  hence  the  formuln 
in  1^  different  parts  of  the  First  Edition  do  not  quite  agree.  In  the 
present  Edition  the  notation  is  rendered  uniform  throughout — the  formulse 
in  the  earlier  volumes  being  altered  in  accordance  with  the  views  now 
generally  received.  The  nature  of  this  alteration  will  be  understood  by 
reference  to  the  articles  Atomic  Weights  and  Classification  in  Vol.  I. ; 
Metals,  Atoh io  Weights  akd  Classification  of,  in  Vol.  III. ;  and  the 
article  Atomicity  in  the  Supplemental  Volume. 

HENBY  WATTS. 
Jamiary  1672. 
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(ApkanefiU,   StraJUerg,  StroMtnkupfer,)   A  native  ftnenate  of 

eopper,  found  chiefly  Msorintod  with  other  copper  oree  and  Teine,  in  Cornwall  and 
in  the  Haiti.  Tlie  emttali  belong  to  the  monodinic  or  obliqoe  priBmatic  system, 
but  they  seldom  eidiibit  any  definite  shape,  being  aggregated  in  radiating  gnrapSp 
or  disposed,  as  extremely  minute  indiyidnals,  in  cavities  of  quarts.  Sp.  a,  4*2 
to  4'i.  HardnesBp  2*5  to  3.  Translucent  or  opaquCi  with  vitieous  lustre.  Colour, 
NiK*^«*»  green  <«M*ii«<ng  to  blue.  Streak,  bluish-green.  Dana  (Mineralogy,  iL  p.  428) 
ffires far  ttia  minml  the  formula  ZCuOMG^  -¥  ZCfuOMO^  or  Cu^^AsOM*  -i-  Cu*H*0«, 
deduced  from  the  analyMS  of  Bammelsberg  and  Bamour.  L.  G-meli n  (Handb.  t.  471) 
flives  the  fbrmula  dOuOjUO^  -¥  6H0,  drauced  from  the  analysis  of  Chenevix,  who 
faond  64  per  cent  of  protoxide  of  copper,  30  per  cent  of  anhydrous  arsenic  add,  and 
16  per  cent  of  water. 


[O  AOZBt  0"il"0?  When  Strasbuig  or  Canadian  tumntine  (ob- 
tained respectiyely  from  Abies  pieea  and  Abiu  haJUamea^)  is  distilled  with  water;  the 
residue  eznausted  with  absolute  alcohol ;  the  solution  evapomted  to  diyness ;  the  re- 
sidual resin  boiled  with  twice  its  weight  of  solution  of  carbonate  of  potassium ;  the 
alkaline  liquid  poured  off;  and  the  residue,  which  is  a  mixture  of  abietin  and  abietato 
of  potassium,  treated  with  30  times  its  weight  of  water,  —  abietin  sepirates  in 
the  oystalline  form,  while  abietato  of  potassium  remains  in  solution.  This  solution 
may  be  decomposed  by  sulphuric  or  hydrochloric  acid,  and  the  predpitated  abiotic 
add  porifled  by  digestion  in  hot  aqueous  ammonia.  As  thus  obtained,  it  is  a  resinous 
mass  which  dissolTes  easily  in  alcohol,  ether  and  volatile  oils,  forming  add  solutions, 
from  which  it  separates  in  the  oystalline  stote.  At  66^  it  becomes  soft  and  trans- 
lucent  Its  barium-sslt  is  said  to  contain  191  parts  of  the  acid  to  76*6  parts  (1  at) 
of  buyta.  The  add  is  perhaps  identical  with  sylvio  or  pymaric  add.  (Caillot; 
J.  Pharm.  xvi  436;  Gerh.  iii  666.) 


Prepared  as  above.  It  is  a  tastdess  inodorous  resin,  insoluble  in 
water,  soluble  in  alcohol,  especially  at  the  boUing  heat,  also  in  ether,  rock-oil,  and 
strong  acetic  add,  and  separates  in  the  crystalline  form  from,  these  solutions  by  evapo- 
ration. It  mdto  when  heated,  and  solimfies  in  a  crystalline  mass  on  cooling.  It  is 
not  acted  upon  by  eaustie  potadL    (Oaillot) 


(pUmandin,)  Amineralof  the  leolitoiamOy,  containing  according 
to  Mazignac's  analysis : 


4(^|2SiO^  +  4AlW.SiO«  +  18HK);       [8i  =  28;  0  -  16]. 
cxr  2{CaO^OyaiC^  ^  2(AP(yJ9i(^)  +  9H0;    [A*  »  21 ;  0  -  8]. 

It  is  found  on  Yesuviui,  at  Ad-Gastello  in  Sidly,  and  at  Capo  di  Bove,  near  Roma. 
It  oeeozB  united  with  Fhillipnto  in  quadratic  octahedrons,  generally  aggregated  in 

*  Dor  lbs  Bsaalaf  of  Um  Ualk  temolc,  tm  PasrAci. 

yoi.1.  B 


ABSINTHIN  — ACEDIAMINE. 

Transparent  or  timnalnoent»  with  grejriflh-wliite  oolonr.  HaitfiM—  *■  4*5. 
8p.  gr.  »  2*266.  GiTM  off  one-third  of  its  water  at  100''.  Easily  diMolvee  in  acida 
and  gelatinisee.  It  was  formerly  aappoeed  to  be  a  rariefy  of  Fhillipaite  or  lime- 
harmotome ;  bat  it  differs  from  harmotome  in  oompoeition  as  well  as  in  eryatalline  fimn, 
the  latter  mineral  crystallising  in  the  dimetric  system.  (Dana,  ii.  822.) 

AMBIM  THIM  •  C^'HrH)^,  The  bitter  principle  of  wormwood  (ArUmuia  a&stJi- 
thium).  It  is  prepared  in  the  pore  state,  according  to  Lock,  by  exhansting  the  leavea 
of  wormwood  wita  alcohol,  evaporating  the  extract  to  the  consistence  of  a  syrnp^ 
and  agitating  with  ether.  This  ethereal  solution  is  evaporated  to  dryneas,  and  the 
residne  treated  with  water  containins  a  little  ammonia,  wnich  dissolves  the  resin,  and 
leaves  the  absinthin  nearly  pore.  To  complete  the  purification,  it  is  digested  with 
weak  hydiuchloric  acid,  wasaed  with  water,  dissolvea  in  alcohol,  and  treated  with 
acetate  of  lead,  as  long  aa  a  precipitate  is  formed.  After  the  removal  of  thia  precipi- 
tate by  filtration,  the  excess  of  lead  ia  precipitated  by  anlphuretted  hydrogen,  and  tne 
solution  is  evaporated.  The  absinthin  then  remains  as  a  hard,  confbsedly  oystalline 
masa,  poasessing  an  extremely  bitter  taste.  It  ia  but  slightly  soluble  in  water,  veiy 
soluble  in  alcohol,  and  leaa  ao  in  ether.  It  possesses  distincSUy  acid  characters,  and 
IS  dissolved  by  potaah  and  ammonia.  (Mein,  Ann.  Oh.  Fhann.  viiL  61 ;  Luck,  ibid. 
IxxviiL  87;  Oerh.  iv.  258.) 

A80OBWIOV  or  OJLMW.    See  Gasbs. 


AC  AOZar,  or  AGAOX A-OVM.  Known  in  commerce  aa  gumrorabie.   See  Ajubhc 
and  Gtjx. 


A  variety  of  ehabasite  from  New  Caledonia,  distinguished  by 
ite  large  amount  of  alkali    (Hayes,  Sill.  Am.  J.  [2]  L  122.) 

AOAJOV*  The  stem  of  the  Ao^jou  or  Cashew-nut  tree,  Anaeardium  oondentaU, 
yields  a  yeUow  gummy  substance,  sparingly  aoluble  in  water,  which  ia  a  mixture  of 
ordinary  gum  and  bassorin.  The  pericaxp  d  the  nuto  of  the  aame  tree  oontaina  a 
large  quantity  of  a  red-brown  reainoua  substance,  which  produces  infiammation  and 
blistering  of  the  skin.  It  may  be  extracted  by  ether,  and  the  ethereal  solution  when 
slowb^  evaporated,  leaves  a  residue  consisting  of  a  network  of  small  crystiUs  of  ana- 
ea^c  aci(C  soaked  in  an  oily  liquid  called  carool,  to  which  the  reain  owea  ika  acrid  pro- 
pertiea  (Stadeler,  Ann.  Ch.  fharm.  hdii.  137).  The  name  acajou  ia  alao  applied 
to  a  gum  and  reain  obtained  from  the  atom  of  the  mahogany-tree.  Hie  gum  re- 
sembles that  of  the  cherry-tree. 

AOAXOZB  XBSnr.  The  resin  of  Xantharrhea  hastiUa,  a  Uliaceous  tree  grow- 
ing in  New  Holland ;  also  called  resin  of  Botany  Bay.  It  has  a  vellow  colour,  an  agree- 
Bble  odour,  and  is  soluble  in  alcohol,  ether,  and  caustic  potash.  Ite  notadi-solution 
treated  with  hydrochloric  acid  depoetts  benzoic  and  cinnamic  acids.  Citric  acid  con- 
verts it  into  picric  acid,  and  so  readily,  that  thia  resin  appears  to  be  ike  best  raw  material 
for  obtaining  picric  acid.  By  distillation,  the  resin  yields  a  light  neutral  oil,  which  ap- 
pears to  be  a  mixture  of  benzol  and  cinnamol,  and  a  heavy  acid  oil,  oonsisting  of  hydrate 
of  phenyl,  mixed  with  small  quantities  of  benzoic  and  cinnamic  acids.  (Stenhouse, 
Aim.  Ch.  Pharm.  Ivii.  84.) 

AOaCBXiOBXDa  or  r&ATZnBC    See  AcETOMX,  DeoompoHHom  (p.  29). 

JLOmnJAMXKm,  CH«K*.  When  hydrochlonteofacetamide  is  heated  in  a  sealed 
tube  to  180^ — ^200^,  and  the  product  afterwards  distilled,  or  when  aeetemide  ia  die* 
tilled  in  a  stream  of  dry  hydrodiloric  acid  gas,  several  volatile  producto  pass  over,  and 
a  residue  is  left  consisting  of  hydrochlorate  of  acediamine,  mixed  with  sal-ammoniac. 
(See  Acbtamidb)  : 

2C^»N0  +  HCl  -  C«H«N».  HCl  +  C«H*0«. 


■V 


AeeUralda  Hydnxhloratt       Acstioadd. 

of  TwHamhuu 

Alcohol  extracte  the  hydrochlorate  of  acediamine  from  this  residue^  and  deposito  it 
by  aponteneous  evaporation  in  prismatic  ajstals,  which  may  be  completely  freed  from 
adhering  sal-ammoniac  by  solution  in  a  mixture  of  alcohol  and  ether,  and  evaporation 
in  vacuo.  The  hvdrochlorate  deoomposed  b^  sulphate  of  silver,  yields  the  sulphate  of 
aoediamine  (CH'N')'.SO^H*,  which  crystalbses  in  colourless  nacreous  lamime,  easily 
soluble  in  water,  l^e  aqueous  solution  of  the  hydrochlorate  mixed  with  dichloride  of 
platinum  vields  the  eklorapfoHnate  of  ttoediandne,  2(C'H*N^.HCl).PtCl«,  in  rather 
laise,  hard,  yellowish  red  prisms. 

Acediamine  is  very  unsteble,  and  cannot  be  obteined  in  the  firee  state.  When  the 
iulphate  or  hydiochlorato  is  heated  with  potash  or  baryta,  ammonia  is  given  off,  and 
•n  acetete  of  the  alkali  is  produced : 

C»H«N»  +  2H»0  =  C«H«0«  +  2NH«. 
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AwwHiftiitte  may  be  regarded  ae  ammonia  in  which  1  at.  H  is  replaeed  by  the  monir 
tomic  radical  (7H*K  (asethyl),  its  rational  formula  being  then  N.H*.  CPH^N  or  as  a 
doable  molecule  of  ammonia,  JfiH*,  jaying  3  at  H  replaced  by  the  triatomio  radical 
C'H',  making  ita  formula  K^.H*.  (C*H'y"  It  bears  the  same  relation  to  acetamide  as 
ethylamlne  to  alcohol: 

(m*0  +  ira«  -  C»H*N  +  HK):  and  C«H»NO  +  NH«  -  C«HW  +  HK). 

(Strecker,  Ann.  Pharm.  diL  328.) 

ACSVBOSOairtO  ACZD  and  A0BPB088ZC  ACZII*  Compounds  produced 
bj  the  action  of  phoephoms  on  acetone  (see  page  28). 

ACBTAXto  C^i^O*.— [Om.  is.  38 ;  Oerh.  ii.  268.]  A  product  of  the  oxidation 
of  alcohol,  first  obserred  by  Dobereiner,  more  fully  examined  by  Liebig  (Ann.  Ch. 
Pharm.  y.  26;  xir.  166),  still  further  by  Stas  (Ann.  Ch.  Phys.  [3]  xix.  146),  who 
first  correctly  determined  its  empirical  formula,  ana  finally  by  Wurtz  (Compt.  rend. 
xlTiii  478 ;  Ann.  Ch.  Phys.  [3]  xlviii.  870 ;  Aim.  Ch.  Pharm.  criii  84).  It  is  also 
obtained  from  aldehyde.  (Wnrts  andFrapolli,  Ann.  Ch.  I^iarm.  criii.  228.) 

I^npanUum,  L  From  Alcohol,  1.  By  the  imperfect  oxidation  of  alcohol,  under 
&e  influence  of  platinum-black.  Pieces  of  pumice-stone  previouslT  washed  and 
ignited  are  moistened  with  nearly  absolute  alcohol,  and  placed  at  the  bottom  of  a 
laige  wide-necked  flask,  y^ch  is  then  fllled  up  with  capsules  containing  platinum- 
black,  oorered  with  a  glass  plate,  and  eiqiosed  to  a  temperature  of  20^,  tiB  the  whole 
of  the  aleohol  is  acidified.  Alcohol  of  60  per  cent  is  then  poured  into  the  fiask,  in 
quantity  not  quite  sufficient  to  cover  the  pumice-stones,  and  the  fiask  left  to  itself  for 
two  or  three  weeks  in  a  room  at  a  temperature  of  20^,  the  glass  plate  being  removed 
ftom  time  to  time  to  admit  fresh  air.  The  thiddsh  liquid  is  then  drawn  o$  and  the 
same  process  repeated  with  fresh  alcohol,  till  several  quarts  of  thickish  acid  liquid  are 
obtained.  This  liquid  is  neutralised  with  carbonate  of  potassium,  saturated  with 
chloride  of  calcium  and  distilled,  and  the  first  fourth  of  the  distillate  is  saturated  with 
frised  chloride  of  calcium,  which  separates  from  it  a  mixture  of  alcohol,  acetic  ether, 
aldehyde,  and  acetaL  The  aldehyde  is  removed  by  distillation  over  the  water-bath ; 
the  residue  tieated  with  strong  potash  to  decompose  the  acetic  ether;  the  alcohol 
removed  \j  washing  with  water;  and  the  remaining  liquid,  the  acetd,  dried  over 
chloride  of  calcium  and  rectified.    (Stas.^ 

2.  By  distilKng  alcohol  with  dilute  sulphuric  acid  and  peroxide  of  manganese.  A 
mixtuie  of  2  parts  alcohol,  8  parts  peroxide  of  manganese,  3  parts  sulphuric  acid,  and 

2  parte  water  (the  proportions  given  by  liebig  for  the  preparation  of  aldehyde), 
is  subjected  to  distillation  as  soon  as  Uie  frothing  which  firat  ensues  has  ceased ; 

3  parte  of  liquid  sre  distilled  off;  the  distillate  is  rectified ;  and  the  portion  which 
goes  over  at  80^  is  collected  apart  from  that  which  distils  between  80^  and  95^. 
The  first  portion  is  mixed  witA  chloride  of  calcium  and  rectified,  the  distillate 
obtained  below  60^  chiefly  consisting  of  aldehyde,  while  above  60°  a  product  is 
obtained,  which,  when  treated  with  a  strong  solution  of  chloride  of  calcium,  yields 
an  etheieal  liquid.  The  portion  of  the  former  liouid  which  came  over  between  80^ 
and  96°,  is  also  rectified,  and  the  first  portion  of  tne  resulting  distillate  treated  with 
strong  solution  of  chloride  of  calcium,  whereupon  it  likewise  yields  an  ethereal  li(^uid. 
These  ethereal  liquids,  containing  aldehyde,  acetic  ether,  &c.  and  acetal  are  Umted, 
and  shaken  with  caustic  potash  to  resinise  the  aldehyde  and  decompose  the  acetic 
ether.  The  brown  liquid  which  fioate  upon  the  potash-solution  is  separated  and 
distilled;  the  distillate  again  mixed  with  chloride  of  calcium;  the  liquid  thus  separated 
is  heated  to  100°  for  twenty-four  hours  with  twice  ite  volume  of  caustic  potash  in  a 
sealed  tube ;  the  lower  stratum  is  rectified ;  the  distillate  again  shaken  with  chloride  of 
calcium ;  and  the  separated  liquid  is  digested  with  pulverised  chloride  of  calcium,  and 
submitted  to  simple  rectification.  Pure  acetal  then  distils  over  ftom  100°  to  106°. 
(Wurts.) 

8.  B|y  the  action  of  chlorine  upon  alcohol,  acetal  being  indeed  the  principal  pro* 
duet  of  that  reaction,  io  long  as  no  subetitution-producto  are  formed : 

3C«HH)  +  2a  -  C^'*0«  +  2Ha  +  H«0. 

Chlorine  is  passed  through  80  per  cent  alcohol  cooled  to  between  10°  and  16^,  till 
a  portion  becomes  turbid  on  the  addition  of  water,  indicating  the  formation  of  substi- 
tution-products. One  fourth  of  the  strongly  add  liquid  is  then  distilled  off;  the  dis- 
tillate neutralised  with  chalk ;  one  fourth  again  distilled  off;  and  the  distillate,  con- 
sisting of  alcohol,  aoetie  ether,  aldehyde  and  acetal,  treated  as  above  to  separate  the 
acetaL    (Stas.) 

According  to  Lieben  (Ann.  Ch.  Phys.  [3]  Hi.  813),  the  chief  products  of  the  action 
of  chlorine  on  alcohol  of  80  per  cent  are  monochloracetal  and  dichloracetal.    (p.  6.) 

IL  'Btom  Mdthjfde,    1.  By  treating  aldehyde  with  pentabromide  of  pho^oroa, 
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wlMKtehj  it  if  eoiiTMtadinto  bromide  ofetksfUdem  O^^B('(a  oompoond  iiOBMrie  with 
faromide  of  ethylene),  and  acting  on  this  oompoond  with  ethyUte  of  sodiiim. 

This  mode  of  preparation  is,  however,  tot  troublesome,  on  aeeoont  of  the  difficnltj 
of  obtaining  the  bromide  of  ethylidene.  Chloride  of  ethylidene  C^HTl',  (prodooed  l^ 
the  action  of  pentachbride  of  phosphoros  on  aldehyde)  does  not  appear  to  yield  acetu 
when  treated  with  ethylate  of  sodium. 

2.  By  passinff  hydrochloric  acid  gas  into  a  mixture  of  1  toL  aldehyde  and  2  vols, 
absolute  aloohm  immersed  in  a  freezing  mixture,  whereby  the  compound  C^H'dO  is 
obtained  in  the  form  of  an  ethereal  liquid  floating  on  aqueous  hyaroehloiic  add,  — 
and  Izeating  this  compound  with  ethylate  of  sodium: 

C«H<0  +  C»H«0  +  Ha  -  OH»C10  +  H«0 
and       C«HKaO  +  C»H«NaO  -  NaQ  +  CTa>*0« 

(Wurts  and  Frapolli,  Oompt.  rend,  zlyii.  418;  Ann.  Gh.  Fharm.  eriii.  223.) 

Fropertiet, — ^Pura  aeetal  is  a  colourless  liquid,  less  mobile  than  ether,  having  a  peen- 
liar  agreeable  odour  and  a  refreshing  taste,  with  an  after^taste  like  that  of  hasel  nuts, 
ttp.  gr.  0-821  at  224.  Boils  at  about  106°  C,  witH  the  barometer  at  0768  met 
\apour  density  «  4*141. 

It  dissolves  in  eighteen  times  its  volume  of  water  at  oidinaiy  temperatures,  the 
solubility  increasing  as  the  temperature  rises.  From  the  aqueous  solution  it  is  sepa- 
rated by  chloride  of  calcium  and  other  soluble  salts.  Ether  and  alcohol  dissolve  it  in 
all  proportions. 

AoofNponMtms. — 1.  Aeetal  is  not  altered  by  mere  exposure  to  the  air,  but  in  contact 
with  plaonum-black  it  is  quickly  converted,  first  into  aldehyde,  and  then  into  aeetio 
acid: 

aH"0«  +  20  -  SC«HH)  +  BPO. 

AoeUl.  AldahTd*. 

It  is  likewise  ooddisedbr  nitric  and  by  chromic  add.  2.  Caustic  alkalies  do  not  decom- 
pose it,  if  the  air  is  excluded.  8.  Cmorine  abstracts  hydrogen  from  it  and  fonns  sub- 
stitntion-pioducts.  4.  Strong  sulphuric  add  dissolves  and  then  decomposes  it,  the 
mixture  tumng  black.  6.  Hydrochloric  add  likewise  disaolves  and  blackens  it,  form- 
ing choride  of  ethvL  6.  Pentachloride  of  phosphorus  acts  stzongly  upon  it,  forming  a 
la^  quantity  of  chloride  of  ethvl,  together  with  other  products.  7.  Heated  in  a  sesled 
tn^  with  several  times  its  wei^t  of  glacial  acetic  ad(C  it  yields  aoetio  ether,  mote  than 
1  atom  of  that  compound  being  formed  from  1  atom  of  acetaL 

These  reactions  tend  to  show  that  aeetal  is  an  ethyl-compound.  8taa  rpgaided  it 
as  a  compound  of  1  at  aldehyde  with  1  at  ether: 

C^K)  +  C*H>«0  -  C^»H)«; 

and  Wurta,  in  his  earlier  researches  on  glycol  (Compt  rend.  xliiL  '478),  regarded  it  as 

C*H* )  CH*  ) 

glycol     ^  >  0',  in  which  2  at  hydrogen  are  replaced  by  cthyLA^y  [  0*.   This  view 

of  its  constitution  was  corroborated  by  the  result  of  <^i«fa'lliiig  a  mixture  of  alcohol  and 
wood-spirit  with  sulphuric  add  and  peroxide  of  manganese,  whereby  a  distillate  was 

obtained  consirting  of  dimet^laU  of  iihfione  f  CH*y  [  ^*  *°^  methylethylate  of  ethy- 

CH*      ) 
1^0  CH*CH*(^'     Subsequent  researches  have  however  shown  that  aeetal  is  not 

identical,  but  only  isomeric  with  diethyl-glycol,  ordiethylateof  ethylene  CPH^  {pWf,  0*. 
For,  when  glvcol  CH^H'.O*  is  treated  with  sodium,  1  at  hydrogen  is  eliminated,  and 
the  compound  OH*.  NaH.O*  is  obtained.  This  compound  treated  with  iodide  of  ethyl 
yields  ethylate  of  ^yUne  CH*.  CH*.  H.0',  whence,  by  the  action  of  potaanum,  the 
compound  CH*. CEf* . E.0*  is  produced;  and,  lasUy,  this  compound  treated  with 
iodide  of  ethyl  yields  dietkyhte  of  ethylene  C>H«.  (C^*>.  O*.  Now  this  liquid  has  a 
spedflc  gravity  of  0*7993  at  0^*  C,  and  boils  at  123*5  Cf.,  whereas  aeetal  has  a  sp.  gr. 
of  0*821  at  22^*4,  and  boils  at  106^,  that  is  to  say,  18^*5  lower.  Becent  experimenta 
by  Beilstein  (Ann.  Ch.  Phann.  exii  240)  seem  to  indicate  that  the  rations  formula 
of  aeetal  is  C«H*O.C*H*.0. 

CA/orae0<a/«(A.Lieben,Ann.Ch.Fhys.[3]lvi.  313).  Three  of  these  compounds 
have  been  obtained ;  vis.  mono-,  di^,  and  iri-ehloraoetal.  The  two  former  areproduoed 
by  the  action  of  chlorine  on  alcohol  of  ordinaiy  strength  (80  per  cent)  When  the 
chlorine  has  been  psssed  througih  for  some  time,  and  the  heavy  oil  which  separates  on 
addition  of  water  is  washed  se^ral  times  with  aqueous  chloride  of  caldum,  and  sub- 
mitted to  fhictional  distillation,  it  begins  to  bo3  at  80^,  and  the  boiling  point  gradually 
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TOCB  to  200^,  not,  however,  zemaining  stationary  at  any  intennediate  point.  The  por- 
tion which  distils  below  120^  consists  of  aldehyde  and  compound  ethen ;  that  which 
distils  above  120^  (which  is  the  larger  portion)  contains  monochloraoetal  and  diehloiv 
aoetal.  On  again  snbmitting  it  to  fractional  distillation,  the  greater  part  soes  over 
between  170^  and  186° ;  this  portion  consists  chiefly  of  dicbloracetal,  whi(£  may  be 
obtained  pore  by  subseonent  rectification.  To  separate  the  monochloFBcetal,  the  por- 
tion of  the  second  <^i»t^li|t<--A  boiling  below  170°,  and  the  portion  of  the  flivt  distillate 
which  passed  orer  above  120°,  are  heated  for  several  days  with  aqueous  potash, 
whereby  a  wate^  liquid  is  obtained,  containing  chloride  and  fbrmate  of  potassium, 
and  an  oily  liquid  consisting  chiefly  of  monochloraoetal  mixed  with  dicbloracetal ;  these 
eompounds  are  flnallv  separated  by  fractional  distillation. 

According  to  Lieoen,  the  product  of  the  action  of  chlorine  on  alcohol  of  ordinary 
strength  does  not  contain  aoetaL  This  is  contrarv  to  the  statement  of  Stas,  who,  in 
fiieti  prepared  acetal  bv  this  very  process.  Probably  the  relative  quantities  of  acetal, 
monochloraoetal,  and  dichloracetaf  obtained  depend  on  the  duration  of  the  action  of  the 
ehlorine  ^compare  P>g^8). 

MonoeJUoraeetal,  CEP'CIO',  is  a  colourless  liquid,  having  an  ethereal  aromatic  odour, 
and  boiling  at  about  165°.  Vapour-density,  by  experiment  6'88 ;  bv  calculation  (2  vols.) 
6*29.  It  IS  perfectly  neutral,  insoluble  in  water,  soluble  in  alcohoL  It  is  not  attacked 
by  aqueous  potash,  and  does  not  precipitate  nitrate  of  silver. 

DichlcraceUU,  C'B.^^CPO*,  is  a  colourless  neutrsl  aromatic  liquid  of  sp.  gr.  1*1388  at 
14°.  Boils  at  about  180°.  Vapour-density,  by  experiment  6*46;  by  calculation 
(2  vols.)  6*436.    (Lieben.) 

Triciloraeetal,  C^^d'O*,  is  produced,  together  with  dichloraoetal,  by  the  action  of 
chlorine  on  highly  concentrated  out  not  abs(3ute  alcohoL    (Dumas,  Lieben.) 

ACBTAIOBa.    C^H'NO  -  N.mCHK).    Produced: 

1.  By  heating  acetate  of  ethyl  with  strong  aqueous  ammonia  to  about  120° : 

C«HK).(?H».0  +  NH"  -  NH».0*HH)  +  C^».H.O 

AoetaUofeChyl.  AoeCamlde.  Alcohol. 

2.  By  the  action  of  ammonia  on  aoetie  anhydride : 

(C«HH))«0  +  NH»  -  NH«.C«HH)  +  (?H*O.H.O 

^■-    »      •*  " 1^ — — '        **- — , — -^ 

Aei>tle  AoeUmkto.  Aeetic  add. 

SDbydrlile. 

3.  By  distilling  acetate  of  ammonium  (C^H>*.NH*  «  0*H*NO  -f  H*0).  A  large 
quantity  of  ammonia  is  given  off  at  first,  then  at  160°  an  acid  distillate,  consisting 
chiefly  of  acid  acetate  of  ammonium ;  above  160°,  a  distillate  containing  acetamide 
which  crystallises  in  the  condensing  tube ;  and  above  190°  nearly  pure  acetamide. 
By  saturating  glacial  acetic  add  with  diy  ammoniacal  gas,  and  then  distilling, }  of  the 
acetic  add  may  be  converted  intc  acetamide.    (Kundig,  Ann.  Ch.  Phazm.  ev.  277.) 

Acetamide  is  a  white  oystalline  solid,  whidi  melts  at  78°  and  boils  at  221°  or  222°. 
It  deliquesces  when  exposed  to  the  air,  and  dissolves  readily  in  water.  Heated  either 
with  adds  or  with  alkalis,  it  takes  up  water,  and  is  converted  into  acetic  acid  and 
ammonia. — ^Distilled  with  phosphoric  anhydride,  it  sives  up  water  and  is  converted 
into  aoetonitrile  or  cyanide  of  methyl  CH'W. — Heated  in  a  stream  of  dry  hydrochlorio 
add  gas,  it  yields  a  liquid  and  a  crystalline  distillate,  and  a  brownish  non-volatile 
residue.  The  liquid  pmtion  of  the  distillate  consists  of  strong  acetic  add,  together 
with  small  quantities  of  chloride  of  acetyl,  and  perhaps  acetonitrile.  The  crystaUine 
distillate  is  a  mixture  of  hydrochlorate  of  acetamide,  and  a  compound  of  acetamide 
and  diacetamide  CH^NO.C^H^O* ;  the  latter  compound  may  be  extracted  by  ether, 
in  which  the  hydrochlorate  of  acetamide  is  insoluble.  The  non-volatile  residue  con- 
sists of  hydrochlorate  of  acediamine  mixed  with  sal-ammoniac.  The  decompontion  is 
lepresented  by  the  following  equations : 

2(?H»N0  +  Ha  -  C«HWO«  +  NH*a 

DtsotUmldai 
2(?H»N0  +  Ha  -  Cra«N*.Ha  +  C«H<0" 


ehlorato  Acetle 


HTdrocI 
ofaeadi 

Cra»NO  +  2Ha  -  C'HH)a  +  HHHa;  CTBPNO  -  HK)  -  C*HW. 

Chloride  of  Acetonitrile. 

acetyl. 

Acetamide  acts  both  as  a  base  and  as  an  add,  eombining  with  hydroeUoric  and  with 
nitric  acid,  and  likewise  fonning  salts  in  whieh  1  atom  of  its  hydxog«B  i<  replaced  by 
a  metaL 

•  8 
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BydneUoraie  c/AoeUimids,  (C^*NO)*.Ha  is  piepiued  :^ 

1.  Bt  mixing  Metainid9  fiised  at  a  gentle  heat  with  ozycUorida  of  phosplion% 
diiseolTUig  the  resulting  crystalline  mass  in  absohite  alcohol,  and  leaving  the  lolation 
to  cool,  or  better,  mixing  it  with  ether;  hydroohlorate  of  aeetamide  la  wen  obtained 
in  colonrlesa  ciystalline  needles.  The  cxystalline  mass  first  prodneed,  appears  to  be 
a  compound  of  aeetamide  and  oxychlodde  of  phosphorus,  and  this,  on  addition  of 
alcohol,  yields  phosphate  of  ethyl  and  hydrochloric  add,  which  unites  with  the 
aeetamide: 

2(?H»N0  +  POa«  +  3(C*H».H.O)  -  (0»H'N0)«.HC1  +  P(C«H*)«0«  -h  2Ha 

2.  By  directing  a  stream  of  dry  hydrochloric  add  gas  on  a  solution  of  aeetamide  in 
alcohol  and  ether  cooled  firom  without,  washing  the  resulting  crystalline  mass  with 
anhydrous  ether,  and  dissolvine  it  in  warm  alcohoL  The  solution  on  cooling,  or  more 
quickly  on  addition  of  ether,  deposits  the  hydrochlorate  in  crystals.  This  mode  of 
preparation  is  preferable  to  the  former.  The  compound  forms  Ions  soear-shaped  crystals, 
nsTing  an  add  taste  and  reaction,  easily  soluble  in  water  and  slconol,  but  insoluble  in 
ether.  Heated  in  a  sealed  tube  to  between  180^  and  200^,  it  decomposes,  yieldinff 
the  same  compounds  that  are  obtained  by  heating  aeetamide  in  diy  hydrochloric  add 
gas.    (Strecker,  Ann.  Ch.  Pharm.  dii.  821.) 

Nitrate  of  Aeetamide,  CH^NO.NO'H,  is  obtained  by  dissoMng  aeetamide  in  cold 
strong  nitnc  add.  It  forms  colourless  acid  crystals,  which  melt  at  a  moderate  heat, 
and^tonate  at  a  higher  temperature,  leaying  scarcely  any  residue.  

Chlobacstaxidbs.  —  Monoehloraeetamide,  CH'CLNO  »  N.H*.C*H*C10,  is 
obtained : 

1.  By  the  action  of  ammonia  on  monochloracetate  of  ethyl: 

C«HH310.C»H*.0  4.  NH«  -  N.H».C»HKJ10  +  C«H«0. 

2.  By  bringing  perfectly  dry  ammoniacal  gas  in  contact  with  chloride  of  mono- 

chloracetyl: 

CHKnO.a  +  2NH*  -  N.H«.C'H»aO  +  NH*CL 

The  product  is  a  white  amorphous  mass,  from  which  absolute  alcohol  extracti  the 
amide,  and  deposits  it  in  large  shining  laminse.  The  amide  dissolves  in  10  parts  of 
water  and  10}  parts  of  alcohol  at  24^  but  is  rery  sparingly  soluble  in  ether.  It  is 
decomposed  by  potash,  yielding  chloride  and  acetate  of  potassium.  (£.  Willm.  Ann. 
Ch.  Phys.  [3]  xUx.  99.) 

Trichloraeetamide.  CHH^'NO  »  N.H'.CHTFO.  This  compound  is  prodooed 
by  the  action  of  gaseous  or  aqueous  ammonia: 

1.  On  chloride  of  trichloraeetyl : 

C*C1«0.C1  +  2NH»  -  N.H».0«CPO  +  NHH3L 

2.  On  tricUoraoetate  of  ethyl : 

0K31K).C»H».0  +  NH«  -  N.H«.0«C1«0  +  0«H«0. 

8.  On  chloraldehyde,  CK^^O,  or  the  polymeric  compound,  perchloracetie  ether, 
C*C1W: 

C»C1H)  +  2NH" -  CTr«a»NO  +  NHKl 

Also  by  the  action  of  ammonia  on  the  perchlorinated  ethylic  ethers  of  formic^  carbonic, 
oxalic,  and  succinic  adds^  all  these  compounds  yielding  chloraldehyde  when  heated. 
The  best  product  is  obtained  from  perchloracetie  ether.  The  mass  is  treated 
with  cold  water  to  dissolre  the  sal-ammoniac,  and  the  reudual  trichloraeetamide  is 
c^stallised  from  ether.  It  then  forms  snow-white  dystalline  laminis.  It  dissoWea 
also  in  boiling  water  and  in  alcohol,  and  crystalHses  from  the  aqueous  solution  in  ta- 
bular cry stids  belonging  to  the  rhombic  system.  It  has  a  sweetish  taste ;  melts  at 
135^,  beeins  to  turn  brown  at  200®,  and  boDs  at  about  240®.  It  gires  off  ammonia  when 
heated  with  potash.  Ammonia  dissolyes  it  after  a  while,  and  the  solution  yields,  by 
evaporation,  beautiM  prisms  of  trichloracetate  of  ammonium.  Anhydroun  phos- 
phoric add  converts  it  into  chloracetonitrile  or  cyanide  of  trichloromethyl :  CH  Q'NO 
-H*0»C>C]«N.  (Cloes,  Ann.  Ch.  Phys.  [3]  zviL  305;  Malaguti,  ibid.  xvi.  6; 
Cahours,  ibid.  xix.  362;  Gerhardt,  Compt  chim.  1848,  277;  Trait^  i.  760; 
Gm.  ix.  270.) 

Tetraehloraeitamide,  C^C1*N0^K.KC1.C*C1'0;  sometimes  called  chlorm- 
cetamic  add,  is  formed  by  exposing  trichloraeetamide,  slightiy  moistened  with  water,  to 
the  action  of  chorine  in  snnshme.  It  then  sublimes  in  needles,  which  may  be  purified  by 
crystallisation  from  ether.  It  is  permanent  in  the  air,  melts  when  heated,  and  parUy 
Mibiimes  undecompoeed.  It  is  nearly  inodortma,  but  has  a  harsh  disagreeable  taste. 
InsoluUe  in  water,  but  dissolves  pretty  readily  in  alcohol  and  wood-spirit,  md  very 
easily  in  ether.     It  dissolves  without  decompodtion  in  cold  aqueous  slkalis,  fiirming 
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iTiTitiniiriWir  nlte.  When  boiled  with  potarii»  it  girei  off  tanaoBom,  and  learet  dilo* 
ride  and  carboiiAte  of  potassiiuu : 

C«HC1*N0  +  8IP0  -  NH«  +  4Ha  +  200». 

(Cloes,  Ann.  Cli«  FhjB.  [3]  xvii  305.) 
Bromacetanddu  and  lodacetamideB  are  likewiae  known* 

DiACBTAXXDJi,  OH'NO'  «  NH(C*HK))*.  The  ethereal  solution  of  the  eomponitd  of 
aoetamide  and  diacetamide  obtained  bv  the  action  of  hydrochloric  acid  ga«  on  ace- 
tamide,  depoaita,  when  hydrochloric  acid  ^  is  pasaed  through  it^  spicular  ciystiilB  of 
hjdrochlomte  of  acetanude^  and  the  liquid  filtered  therefirom  yielda  by  eyaporation 
orer  sulphuric  add,  crystals  of  diacetamide,  easily  aolnble  in  water,  alcohol,  and  ether. 
The  crystals  when  boiled  with  acids  are  resolyed  into  acetic  acid  and  ammonia,  bn\ 
not  so  readily  as  acetamide.  The  alcoholic  solution  boiled  with  diohloride  of  platinma 
deTOsita  chloroplatinate  of  ammonium.    (Strecker.) 

ETHTLAGMTAjaDB.    See  Etbtlamhol 

MBBCUX4CRAMIDB,  OH'Hgf'N'O'.  Au  aqoeoufl  solution  of  acetamide  saturated 
with  mercuric  oxide  deposita  by  eraporation  in  racuo,  colourless  crystalline  crusts 
sparingly  soluble  in  alcohol  BUvtr-utcetamide^  CH^AgNO,  ia  obtained  in  a  similar 
manner  in  crystalline  scales. 

TsESTTLACWTAMnm,  OT  ACBTAKIUDa,  See  PHEZTTLAMnOL 

ACMSMMMm    Synonyme  of  ETBTisra  and  Olsfiamt  Oas. 

The  hydrate  or  hydrated  oxide  of  acetyl;  it  may  be  regarded  aa  a  molecule  of  water 
(H*OX  in  which  half  the  hydrogen  is  replaced  by  aoe^l  C^*0.  (It  was  formerly 
fuppoaed  to  be  deriyed  from  a  radicle^  C*H\  also  called  acetyl,  which,  in  combination 
with  3  atoms  of  oxygen,  formed  anhydrous  acetic  acid  C*II*0^;  and  this  in  com- 
bination with  an  atom  of  water  J£0,  formed  hydrated  acetic  acid,  C*II*O^JIO» 
C^H^O']    SeeACTfYL. 

Soweea, — ^Acetic  arid  exiata,  in  nature,  in  the  oiganic  kingdom  only,  being  found 
in  the  juices  of  many  planta,  especially  of  trees,  and  existing  probably  also  in  seyeral 
of  the  animal  secretions ;  but  more  commonly  it  results  from  the  decomposition  and 
oxidation  of  organic  bodies. 

Formation, — 1.  By  the  destructiye  distillation  of  oiganie  substances,  especially  of 
wood. — 2.  By  the  action  of  oxidising  agents,  yiz.  atmospheric  oxygen,  chromic  acid 
nitric  acid,  hypochloroas  acid,  &c,  on  alcohol  and  other  organic  IxMies. — 3.  By  the 
action  of  hydrate  of  potasrinm  or  hydrate  of  sodium  at  a  high  temperature  on  yariona 
organic  bodies,  e.a,  succinic  add,  oleic  add,  malic  add,  sugar,  alcohol,  &o. — 4.  By 
heatinff  cyanide  of  methyl  with  aqueous  cnnstio  alkalis :  CH'.CN  +  2HH)  -  CH*0> 
T  Nf . — 6.  By  the  action  of  carbonic  anhydride  on  sodium-methyl ;  CO*  •»■  CH'Na  «• 
CH'NaO*  (aeetate  of  8odinm).~6.  By  the  reducing  action  of  aine  or  sodium-amalgam 
on  chloracetic  add. 

Preparation, — 1.  From  aleokoL  Aloohol  is  oonyerted  into  acetic  add  by  yarious 
processes  of  oxidation;  e,g,  by  the  action  of  spongy  platinum.  If  a  tray  of  finely* 
diyided  spongy  platinum  lie  puioed  on  a  triangle  oyer  a  poroelain  dish  containing  a  little 
alcohol  gently  warmed,  and  the  whole  corered  with  a  oell-g^aas  standing  on  a  wedge^ 
and  open  at  the  top  so  as  to  allow  a  sentle  current  of  atmoq>heric  air  to  pass  through 
the  apparatus,  the  oxidation  of  the  alcohol  piooeeda  n^dly,  acetic  add  condensing  in 
abundance  on  the  inmde  of  the  bell-jar. 

By  this  process,  howeyer,  much  of  the  aloohol  ia  eonyeitcd  into  aldehyde,  and  lost 
b^  Volatilisation.  It  would  appear,  in  fact,  that,  in  the  formation  of  aoetic  add  by 
direct  oxidation,  aldehyde  ia  always  developed  as  an  intermediate  product^  espedally 
if  the  oxidJHing  influenoe  be  not  snffidently  rapid  •— 

CHK)  +  0  -  C*HK)  +  H«0;  and  (?H*0  +  O  -  C*H«0«. 

Alcohol.  Aide-  Aide-  Acetle 

byde.  byde.  seld. 

The  oxidation  of  alcohol  by  atmospheric  oxygen  ia  greatly  promoted  by  the  preeenoe 
of  fermenta ;  and,  in  fiiet,  in  the  ordinary  processes  for  making  yine«r,  an  alcoholie 
solution  ia  exposed  to  the  joint  influence  of  air  and  a  ferment*  In  France  and  Ger> 
numy  wine  is  usnaily  employed,  and  in  Ergland  malt 

Win  ViNBOAB  (  ft^0tfiess^,  rtmaimV. — The  following  ia  the  plan  of  making  yinegar 
practised  in  Paris.  The  wme  destmed  for  vineffar  is  mixed  in  a  large  ton  with  a 
quantity  of  wine-lees^  and  the  whole  being  tranamrred  into  doth-saefcs^  placed  within 
a  huge  iron-bonnd  ya^  the  liquid  matter  ia  aqueeaed  through  the  sadw  by  superia* 
enmtoit  preaauMb    What  passes  through  ia  put  into  large  casks  set  npight  and 
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hATiog  a  flmall  i^wrtan  at  the  top.  In  these  it  is  exposed  to  the  heat  of  the  soii  la 
summer,  or  to  that  of  a  store  in  winter.  Fermentation  suyervenes  in  a  few  dajs.  If 
the  heat  should  then  rise  too  high,  it  is  lowered  b^  cool  air  and  the  addition  of  fresh 
wine.  In  the  skilful  legolation  of  the  fermentatiTe  temperature  oonsirts  the  art  of 
makuiff  good  wine-Tinegar.  In  summer,  the  process  is  generally  completed  in  a 
lortni^t ;  in  winter,  double  the  time  is  requisite.  The  most  &TonrabIe  temperature 
14  between  26°  and  SO^'  (77^  and  86°  F.).  The  Tinegar  is  then  run  off  into  barrels 
containing  sereral  chips  of  birch  wood.  In  about  a  fortnight  it  is  found  to  be 
darifled,  and  is  then  fit  for  the  market    It  must  be  kept  in  dose  casks. 

At  the  same  time  that  the  alcohol  ia  thus  acidified,  the  nitrogenous  organic  mattea 
which  haye  served  as  ferments  haye  likewise  assumed  new  forms,  and  settled  at  the 
bottom  of  the  Tcssel  in  the  form  of  a  white  gelatinous  mass,  known  as  ^  mother  of 
vinegar."  This  substance,  which  has  been  diMcribed  bjr  Mulder  as  a  fixngcnd  plant, 
under  the  name  of  Mveoderma  Vim,  is  a  nitrogenised  body,  which  has  the  power  of 
^TMtiTig  the  aoetification  of  pure  alcohol  in  the  presence  of  atmospheric  axr,  probably 
in  consequence  of  its  own  tendency  to  change.  By  tx^ating  it  witn  potash,  the  whole 
of  tiie  nitrogen  is  remored,  pure  cellulose  alone  remaining. 

A  slight  motion  is  found  to  fiiTour  the  formation  of  Tinenri  and  to  endanger  its 
decomposition  after  it  is  made.  Ch wtal  ascribes  to  agitation  &»  operation  of  thunder, 
though  it  ii  well  known,  that  when  the  atmosphere  is  highly  electrifie(^  beer  is  apt  to 
become  suddeidy  sour,  without  the  concussion  of  a  thunder-storm.  Vinegar  does  not 
keep  well  in  ceUars  enosed  to  the  yibrations  occasioned  by  the  rattling  of  eairiages. 
l%e  lees,  which  had  been  deposited  by  means  of  iwinglsss  during  repose,  are  thua 
jumbled  into  the  liquor,  and  promote  the  fermentation. 

Almost  all  the  Tinegar  of  the  north  of  France  being  prepared  at  Orleans,  the  masu- 
fkcture  of  that  place  has  acquired  such  celebrity  as  to  render  the  process  worthy  of  a 
separate  consideration. 

The  Orleans  casks  contain  nearly  400  pints  of  wine.  Those  which  hare  been 
already  used  are  preferred.  They  are  placed  in  three  rows,  one  orer  another,  the  upper 
ones  liaYing  an  apoture  of  two  inches  diameter,  kept  always  open.  The  wine  for  aoe- 
tification is  ke^t  in  adjoining  casks  containing  beedi  snaTmgs,  to  whidi  the  lees 
adhere.  The  wme  thus  daiifled  is  drawn  off  to  make  rinegar.  One  hundred  pints  ot 
good  vinegar,  boiling  hot,  are  first  poured  into  each  cask,  and  left  there  for  ei^t  days; 
ten  pints  of  wine  are  mixed  in,  every  eight  days,  till  the  ressels  are  ftUl ;  and  the 
vinegar  is  allowed  to  remain  in  this  state  fifteen  days,  before  it  is  exposed  for  sale. 
The  manufacturers  at  Orleans  prefer  wine  of  a  year  old  for  making  yinegar ;  but  if 
the  wine  has  lost  its  extractive  matter  by  sge,  it  does  not  readily  undergo  the  aeetoua 
fermentation. 

The  used  casks,  called  motktrSf  are  nerer  emptied  more  than  hal^  but  are  succes- 
sively filled  again,  to  aoetL^  new  portions  of  wine.  In  order  to  judge  if  the  motkiar 
works,  the  vinegar  makers  plunge  a  spatula  into  the  liquid;  and  according  to  the 
quantity  of  frotn  which  the  spatula  shows,  they  add  more  or  less  wine.  In  summer, 
tiie  atmospheric  heat  is  sufficient  In  winter,  stores  heat«d  to  about  76^  Fahr.  main- 
tain the  requisite  temperature  in  the  manufactory. 

Qukk  method  of  Vinegar'making  (SehneUeaaigbereiHmff),  Since' the  efficient  oon- 
▼enrion  of  the  alcohol  into  acetic  acid  essentially  depends  upon  the  completeness  of  the 
oxidation,  the  Gemuin  chemists  have  proposed  to  promote  this  result  by  enlarging 
the  sur&ce  of  the  liquid  exposed  to  the  air.  This  is  affected  by  allowing  the  alooholio 
liquor  to  trickle  down  in  a  fine  shower  firom  a  colander  through  a  la^  oaken  tub 
(called  the  vinegar  generator,  or  graduator),  filled  with  beech  chips,  up  which  a  cur> 
rent  of  air  ascends  urough  apertcues  in  the  sides.  By  the  oxidation  which  goes  on, 
the  temperature  of  the  liquid  rises  to  87^  or  40^  C.  (100  or  104^  Fahr.).  The  liquid 
requires  to  be  passed  three  or  four  times  through  the  cask  before  the  acetification  ia 
complete,  which  takes  place  in  twenty-four  or  thirty-six  hours.  Care  should  be  taken 
to  allow  a  sufficient  supply  of  air. 

In  England  the  same  result  is  often  attained  by  causing  the  alcoholic  liquor  to  be 
distributed  by  means  of  a  Barker^s  mill  or  other  contrivance,  over  the  beech  shavings 
in  a  ton,  whilst  a  current  of  air  is  forced  up  through  it  by  two  fioating  gasometm 
which  are  made  to  rise  and  &11  alternately  by  steam  power. 

Wine  vinegar  is  of  two  kinds,  whit«  or  red,  according  as  it  is  prepared  from  white  or 
red  wine.  It  contains,  besides  acetic  acid  and  water,  sugar,  colouring  matter,  gum,  and 
salts,  especially  bitartrate  of  potassium.    Its  specific  gravity  varies  £^m  1  -01 4  to  1  ■022. 

Malt  VimGAB. — ^This  is  prepared  from  malt  or  a  mixture  of  malt  and  raw  barley, 
which  is  mashed  with  water  as  in  the  ordinaxy  operation  of  brewing ;  the  wort  is  then 
submitted  to  the  vinous  fermentation  and  the  liquor  thus  obtainied  is  converted  by 
oixidation  into  vinegar.  This  is  eflected  in  two  ways ;  either  by  the  process  otfiddim^ 
or  of  sUmf^Q. 

When  jUdinff,  that  is,  exposure  to  the  open  air,  is  resorted  to,  the  wort  must  be 
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sade  in  the  fpriiig  montlifl,  and  then  left  to  finish  dnrin^  serenl  months  of  the 
warm  aeason.  In  eonsequenoe,  therefore,  of  the  length  of  tmie  required,  the  latter, 
or  tiUnrimg  nrooeae,  is  more  ^nerally  need.  The  wash  ia  intxodnoed  into  bairela 
standing  enawaja,  tied  over  with  a  eoarae  doth,  and  placed  dose  together  in  darkened 
diamben,  aitificiallT  heated  hj  a  stoTe.  The  liqnor  remains  in  these  barrels  nntO  the 
aeetification  is  oomplete.  This  nsnallj  occupies  sereral  weeks  or  months.  The  {nodnct 
is  next  introduced  into  lazge  tons  with  false  bottoms,  on  wfaidi  ra^  (the  residnanr 
froit  from  the  making  of  British  wines)  is  placed,  and  allowed  slowlj  to  filter  throngh 
them.  Bebw  the  fiae  bottom  and  aboye  the  trae  one  is  placed  a  tap  whidi  allows 
the  Tinegar  to  flow  into  a  back  or  cistern.  Flom  this  dstem  a  pomp  raises  the  liquid 
to  the  top  of  the  Tessel,  and  thence  it  flows  through  the  rape  to  be  again  returned.  Or 
sometimes  the  rape  tuns  are  worked  bj  pairsi  one  of  them  beins  quite  fllled  with 
Tinegar  from  the  barrds,  the  other  only  thi^ee  parts,  so  that  ue  aoetiflcation  is 
exdted  more  readily  in  the  latter  than  the  former,  and  ereiy  day  a  portion  of  the 
Tinegar  is  oonreyed  from  one  to  the  other,  till  the  whole  is  finished  and  fit  for  sale. 

Malt  Tinegar  has  a  yellowish  red  colour,  an  a^eable  add  taste,  which  is  due  to 
acetic  add ;  but  the  aromatic  odour  which  distinguishes  both  it;  and  also  wine  Tinegar, 
from  pjroliffneous  add  (to  be  afterwards  described)  is  imparted  to  it  by  the  presence 
of  acetic  and  other  ethers. 

Vinegar  of  four  dififerent  strengths  is  sold  by  the  makers,  distinguished  as  Nos.  18, 
£0,  22,  and  24.  'The  last,  which  is  the  strongest,  and  is  called  proof  Tinegar,  contains 
6  per  cent  of  real  acetic  add ;  its  specific  grsTity  is  1*019.    (Pereira.) 

Vinegar  is  liable  to  undergo  a  putre£&ctiTe  deoomposition,  which  was  bdiered  by 
the  makers  to  be  preTented  by  the  addition  of  sulphuric  add,  and  they  are  allowed 
by  law  to  add  one-thousandth  part  by  weight  of  sulphuric  add.  It  is  now  known  that 
this  is  unnecessary ;  neTcrthdess  the  praetioe  is  still  continued. 

DisTOxsn  VoraoAB. — "Rj  submitting  wine  or  malt  Tinegar  to  distillation  it  is  deprired 
of  its  colouring  and  other  non-Tolatile  matters,  a  colonriess  limpid  liquid  being  obtained 
which  is  known  in  commerce  as  distilled  Tinegar.  The  product  is,  howerer,  ahraya 
weaker  than  the  Tinegar  from  whidi  it  has  been  deriTod,  because  the  b(»ling  point  of 
strong  aoetie  add  is  aboTe  that  of  water ;  it  is  also  liable  to  be  contaminated  witii  a 
small  quantity  of  alcohol  and  empyreumatie  bodies. 

2.  From  Wood,  Woon  VnraoAB,  or  Ptbouoxiious  Acid.— The  ^(reater  part  of  the 
acetic  add  now  employed  in  the  arts  is  obtained  by  the  destmctiTe  distillation  of  wood. 
The  wood  is  heated  in  large  iron  cylinders  like  gas  retorts,  coxmected  with  a  series  of 
condensing  Tessels,  the  uncondensable  gases  which  are  erolTod  in  large  quantity  being 
oouTeyed  \j  pipes  into  the  fire  and  aiding  to  maintain  the  heat  &e  Uouid  which 
oondttDses  in  the  receiTers  consists  of  water,  tar,  wood-spirit  or  methylic  alcohol, 
acetate  of  methyl,  and  acetic  add.  The  wateiy  liquid,  after  bein^  separated  from  the 
tar,  is  redistilled,  the  wood-spirit  passing  OTer  among  the  first  portions  of  the  distillate, 
and  the  acetic  or  pyzolijpeous  aad  afterwards.  The  add  thus  obtained  is  coloured, 
and  has  a  strong  tany  flaTour,  whidi  cannot  be  remoTed  by  redistillation.  To  pori^ 
this  crude  add,  it  is  oouTerted  into  acetate  of  sodium,  either  by  direct  saturation  with 
carbonate  of  sodium,  or  more  economicallT  by  saturating  it  with  carbonate  of  «**1w«fn^ 
and  decomposing  the  caldum-salt  with  sulphate  of  sodium ;  and  the  acetate  of  sodium  is 
purified  from  tany  matter,  first  by  gentle  torreikction,  and  afterwards  by  reoystalliBa- 
Uon.  It  is  then  decomposed  by  strong  sulphuric  add  diluted  with  half  its  weight  of 
water,  whereupon  the  sulphate  of  sodium,  being  insoluble  in  acetic  add,  separates  in 
the  oystalline  form,  and  may  be  separated  by  simple  decantation ;  and  ^e  acetic  add 
thus  separated  is  purified  from  the  last  tracea  of  sulphate  of  sodium  by  distillation. 

The  process  just  described  yidds  a  Tery  pure  aad,  but  it  is  too  expennTe^  prind- 
pally  in  consequence  of  the  larae  quantity  of  fhd  which  it  requires.  A  more  economical 
process  has  been  proposed  by  Volckel  (Ann.  Ch.  Fharm.  Izxdi  49 ;  Chem.  Soc  Qu.  J. 
T.  274).  In  this  process  the  crude  wood-Tinegar  is  immediatdy  saturated  with  lime, 
without  prerious  rectification.  Part  of  the  tarry  matter  then  separates  in  combination 
with  the  lime,  while  the  rest  remains  in  solution  with  the  acetate  of  calrium.  The  liquid, 
after  being  darified  by  repose,  or  by  filtration,  is  eTsporated  down  to  half  its  bulk  in 
an  iron  pot  and  mixed  with  a  quantity  of  hydrochloric  add,  suffident  to  giTO  it  a  slight 
add  reaction.  The  greater  part  of  the  tarry  matter  then  separates,  and  may  be  skimmed 
off  from  the  sur&ee.  The  hydrochloric  add  also  decomposes  certain  compounds  of  the 
Hme  with  creosote  and  other  Tolatile  substances,  which  are  then  endlea  by  heat ;  88 
gallons  of  crude  wood-Tinegar  require  for  purification  from  4  to  5  Iem.  of  hydrochloric 
add.  The  acetate  of  caldum  thus  purified  is  completdy  dried  and  distilled  with  hydro- 
chloric add,  100  parts  of  the  drr  salt  requiring  fr^  90  to  95  parts  of  hydrodilorie  add 
of  sp.  gr.  1'16  (or  20^  Bm.).  The  sp.  gr.  of  &e  acetic  add  tins  obtained  is  about  1*06 
(8^  £m.).  If  it  contains  hydrochloric  add,  it  may  be  puiifled  by  redistillation,  with 
addition  of  a  small  quantity  of  carbonate  of  sodium,  or  better  2  or  3  per  cent  of 
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biehiomafta  of  {wUaa&um,  whieh,  ftt  the  Mine  tune,  totroji  eotem  oiguue  impuMm 
that  impart «  pecoliar  odour  to  the  add. 

The  preeenoe  of  hydiochlorie  or  ralphprie  add  in  Tiiicgar  is  eacil j  detected  bj  hofl 
ing  the  liquid  for  about  twenty  minntee  with  *  amall  quantity  of  potato-itaren,  then 
leaTinff  it  to  ood  and  adding  a  few  drops  of  iodide  of  potaeniun.  If  the  Tinegtar  is 
pve,  Qie  blue  ooloor  of  iodide  of  etarch  immediately  makea  its  appeanmce^  bnt  not  if 
Bolphnric  or  hydroehloiie  acid  ia  present,  becanae  these  acids  boiled  with  starch  con- 
tert  it  into  dextrin,  which  is  not  ooloared  bine  by  iodine  (Pay en).  Snlphnric  acid 
may  also  be  detected  by  chloride  of  barinm,  and  hydrochloric  add  by  nitrate  of  silrer. 

[ror  fiirthfir  details  of  the  mann&cture  of  acetic  add,  see  the  fifth  edition  of  Ur^s 
DUtUmaty  of  Arta^  Jiidnt^aoturea  and  MineM,  toL  i  pp.  fi  to  20L] 

^^TSTAijjBABLB  or  GuLCXAL  AcsTio  AciD. — TMs  term  is  applied  to  the  pore  add 
0'HH)'jJor  C*JPO*]  of  sp.  gr.  1*0686,  because  it  ia  at  ordinaiy  tempentures  a  crvstalline 
■oHd.  The  add  obtained  by  either  of  the  processes  above  described  consists  of  this  com- 
pound more  or  less  mixed  with  water.  On  distilling  this  dilute  add,  a  weaker  add 
passes  orer,  and  a  stronger  add  remains  behind,  beotnse  the  boiling  point  of  aqueous 
aoetie  add  increases  with  its  concentration ;  and  by  repeated  fractional  distillation,  an 
add  is  at  length  obtained  which  oystallises  at  a  low  temperature.  Ciystallisable  acetic 
add  is,  however,  more  conyenienUr  obtained  br  distilling  certain  acetates  in  the  diy 
state  witb  an  equivalent  quantity  of  concentrated  sulphuric  add  or  disolphate  of  potas-^ 
fium;  tbus  with  acetate  of  potassium : 

20»H»K0«  +  SO*H»      -  2Cra*0»  +  80«K«. 
and:  C«H»KO»  +  S0*HK   -    CHH)«  +  SO«K*. 

The  paroportions  required  are  98  pts.  of  dxy  acetate  of  potassium,  or  82  acetate  of 
ijdium,  or  79  acetate  of  caldum,  or  163  acetate  of  lead,  to  49  parte  of  monohydrated 
s  jlphurie  add,  SO*H',  or  136  parts  of  disnlphate  of  potassium,  SO^HK.  Oladal  acetic 
«dd  mav  also  be  eonveniently  obtained  from  diacetate  of  potasnum,  C^'KO*.CH*0' 
hiy  simple  distillation.  When  neutral  acetate  of  potassium  is  mixed  with  aqueous 
acetic  add,  not  too  dilute^  and  distilled,  part  of  the  acetic  add  unites  with  the 
neutral  acetate,  and  a  weaker  add  passes  over.  But  as  the  distillation  goes  on,  the 
add  potasdum-salt  decomposes,  the  distillate  beeomes  continually  richer  in  acetic 
add,  and  at  length  the  pure  orystallisable  add  distils  over.  The  temperature  must 
Qot  be  allowed  to  ezoeea  300^;  otherwise  the  add  suffers  partial  decomposition,  and 
becomes  coloured  (He  1  sens,  Compt  rend.  ziz.  611). — CiyBtallised  acetate  of  copper 
alio  yields  g^adal  acetic  add,  when  dried  at  a  temperatore  between  160^  and  180° 
and  afterwards  distilled  at  a  higher  temperatore.  Towards  the  end  of  the  distillation 
the  add  becomes  mixed  with  acetone:  that  which  passes  over  towards  the  middle 
must  be  redistilled  to  tne  it  from  copper  mechanically  carried  over,  probably  in  the 
form  of  ciqjrous  acetate.  The  add  obtained  by  tiiis  process  was  formerly  called 
S^ritus  Aemginis  or  Spfriiua  Veneris, 

Properties, — ^Pure  acetic  add  solidifies  at  or  below  16^  0.  in  prismatic  or  tabular 
OTstals.  In  dosed  vessels  it  remains  liquid  at  12°,  and  does  not  solidify  till  the 
vessel  is  opened  and  shaken.  Its  spedfie  gravity  in  the  solid  state  is  1*100  at  8*5 
(Persos).  It  melts  at  16°  (Lo wit z),  at  or  above  22°*6  (Mollerat),  forming  a 
thin  colourless  liquid  of  sn.  at.  1-063  (Mollerat) ;  1*066  at  18°  (Persos) ;  1*0636  at 
16°  (Mohr);  1*0622 (Sibille- Auger);  1*08006  reduced  to 0°  (K op p,  Pogg.  Ann. 
IxxiL  1]).  Itboi]satll9°(S«bille.Auger);atll7°*3(Kopp).  m  dens%  of  its 
vapour  is  different  at  difibrent  temperatures,  compared  with  an  equal  bulk  of  air  at 
the  same  temperatore.  At  temperatures  connderably  above  the  boiling  point,  it  follows 
the  ordinary  law  of  condensatien  to  2  volumes ;  thus  at  300°  and  upwaras  the  sp.  gr.  of 
thevanoor  is  found  hj  Cahours  to  be  2*00,  wluch  agrees  almost  exactly  with  tiie<»ilCTi- 
lated  ciensity,  supposing  the  molecule  to  occupy  2  volumes.  For  the  atomic  weight  of 
acetic  add,  compared  with  hydrogen  as  unity  is  60  (»  2G  -i-  4H -f  20  »  24  +  4  +  32); 
and  if  this  be  tine  wei^t  of  2  volumes  of  tne  vapour,  it  follows  that  the  weight  of 
1  volume  of  vapour,  or  m  other  words,  the  specific  gravity  as  compared  with  hydrogen, 
will  be  30 ;  and  multiplying  this  number  by  0*0693,  the  sp.  gr.  of  hydrogen  referred 
to  air  as  unity,  we  obtain  for  the  sp.  gr.  of  acetic  add  vapour  referred  to  air  as  uni^, 
the  number  2*079. 

But  at  temperatures  near  the  boiling  point,  the  density  of  the  vapour  is  much 
greater,  exhibiting  a  condensation  to  f-volume,  or  even  less.  The  following  table  ex- 
hibits tiie  den  ity  of  the  vapour  at  various  temperatures  as  determined  by  Cahours 
(Compt  rend.  xix.  771 ;  xz.  61) : 

Temperature.    126°  180°  140°  160°  160°  170°  190°  200°  230°  260°  300° 
Bendty.  3*20   312   2*90   2*76   2*48   2*42   2*30   2*22   2*17   2*09   2*08 

The  tension  of  the  vapour  is  7  mm.  at  16° ;  14*6  mm.  ut  22°,  and  32  mm.  at  82°. 
(Bineau,  Ann.  Ch.  Phys.  [3]  xviii.  226.) 
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The  acid  has  a  pungent  boot  teste  and  odour,  bliaten  thf  akin,  and  acts  aa  an  acrid 
poison.  It  does  not  rodden  Utmns  paper  per  se^  bnt  very  strangly  when  mixed  with 
water. 

J>ecampo$itionM, — 1.  The  Tuxnir  of  acetic  acid  ia  infUmmable,  and  bums  with  a 
blue  (lane,  producing  water  ana  carbonic  acid.  When  it  ia  passed  throng  a  rsd-hot 
tube,  the  oreater  part  remains  unaltered,  but  a  portion  is  decomposed,  yielding  free 
carbon  and  combustible  gases,  together  with  acetone,  napthalin,  hydrate  of  phenyl  and 
benzol.     (Berthelot,  Ann.  Ch.  Pbys.  [3]  zxxiii.  296.) 

2.  A  mixture  of  glacial  acetic  and  strong  nUphurie  add  blackens  when  heated, 
givinff  off  carbonic  and  sulphurous  anhydrides.  Fuming  mdphurio  aoid  mixes  with 
glacifd  aoetio  add  without  evolution  of  gas ;  but  the  mixture  becomee  hot,  and  if  it  be 
raised  to  a  hiffher  temperature,  carbonic  anhydride  is  given  of^  mixed  with  only  a  small 
quantity  of  sulphurous  anhydride.  Sulphuric  anhjfdride  disBolves  in  acetic  ada  without 
evolution  of  gas,  and  on  heating  the  nuxture,  sulphacetic  acid  is  produced. 

3.  Acetic  acid  is  not  sensibly  attacked  by  nitric  aeid. 

4.  Periodic  acid  converts  it  into  carbonic  or  formic  add,  with  Uonnation  of  iodic 
add  and  aeparation  of  iodine. 

6.  Chlorine  in  sunshine  converts  acetic  add  into  moaochloraoetic  and  trichloracetic 
acids,  the  quantitjr  of  the  one  or  the  other  being  greater,  according  aa  the  acetic  add 
or  the  chlorine  is  in  excess.    See  Chlobacbtio  Acid. 

6.  Glacial  acetic  acid  heated  with  bromine  in  a  sealed  tube  forms  bromacetic  and 
dibromaoetic  adda.    Iodine  has  no  action  on  acetic  add  even  in  sunshine. 

7.  With  pentachloride  of  pkoephorue,  glacial  acetic  add  forms  hydrochloric  add, 
chloride  of  acetyl  and  oxyddoride  of  phosphorus : 

C»H«O.H.O  +  PCl«.a»  »  C«H»0.C1  +  HCl  +  po.a*. 

8.  With  feniamdphide  qf  phoepkorue,  it  forms  thiacetic  add  and  phosphoric 
anhydride : 

6(C*HH).H.O)  +  P«»  -  P»0*  +  6(0"H«O.H.8). 

The  difSerenee  between  the  mode  of  action  of  the  pentachloride  and  pentasulphido 
of  phosphorus,  the  former  giving  rise  to  two  distinct  cmorine-oompounds,  C'H'0.(^  and 
Hul,  whereas  the  Utter  forms  only  one  sulphur-compound,  ia  very  remaikable,  and 
shows  dearly  the  propriety  of  regarding  chlorine  as  a  monatomic,  and  sulphur  as  a 
diatomic  radicle. 

AauBovs  AcBTic  Acm.  —  Acetic  add  mixes  with  water  in  all  proportions,  impart- 
ing to  it  its  taste  and  smelL  The  density  of  the  aqueous  acid  varies  with  its 
strength  in  a  remarkable  manner.  When  water  is  gradual^  added  to  elacifld  acetic 
add,  the  density  increases  till  a  hydrate  is  formed  containing  79  pts.  of  crystallised 
add  to  21  water,  and  having  the  composition  CHK)*.  HK).  This  hydrated  add  haa 
a  dennty  of  1*073  and  boils  at  104^.  All  fur&er  additions  of  water  diminiah  the 
density  of  the  add. 

The  following  table  constructed  by  Hohr  (Ann.  Ch.  Pharm.  xxxi  277)  givci 
the  (quantity  of  oystallisable  acetic  add  in  100  pts.  of  the  aqueous  add  of  different 
densities. 
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76 
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10710 
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11 

1*016 
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9 
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67 
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6 
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6 
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44 
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24 
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63 

10680 

43 
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23 
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82 

10730 

62 
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42 
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22 

1031 

2 

1002 

81 

10732 

61 
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41 

1061 

21 

1029 

1 
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Mollerat,  Ann.  Chim.  Izriii  88,  and  Ad.  van  Toorn  (J.pr.  Chem.  n.  171)  bare 
also  giren  tables  of  the  apedflc  grsTities  of  aoetie  add  of  aifmrent  degrees  of  oonoeii- 
tmtion. 

It  will  be  seen  from  the  preoeding  table  that  the  specific  graTity  of  acetic  add  Tsries 
bat  slowly,  a  difference  of  1  per  cent,  corresponding  to  a  difference  of  only  *001  in  the 
density,  and  sometimes  even  less.  For  this  reason,  the  detefmination  of  the  strength 
of  oommerdal  acetic  add  by  the  hydrometer  or  aoetoTneim',  as  it  is  called  when  gnr 
duated  for  this  pnipoee,  is  not  mndi  to  be  depended  on.  The  presence  of  oolonrinff 
matter,  saline  sabstances  and  other  impurities,  which  frequently  occur  in  vinegar,  are  (» 
eonTBe  an  additional  source  of  inaocununr  in  this  method  of  estimation.  It  is  better, 
therefore,  to  determine  the  strength  of  the  add  by  ascertaining  the  quantity  of  a 
standard  solution  of  caustic  soda  or  ammonia^  requued  to  nentnlise  a  giren  Tolume. 
^See  AcxDiMBTBT  and  Aitaltsxs,  Yolumbtbio.)  This  method,  when  applied  to  acetic  add, 
IS  affected  with  a  slight  source  of  inacenzafff,  arising  from  the  fi&ct  that  the  noimal  or 
neutral  acetates  of  we  alkalis  exhibit  a  sught  alkaline  reaction.  The  error  thence 
arising  is,  however,  of  small  amount^  not  exoeedins  ^  per,  cent  for  an  add  containing 
10  per  cent  of  crystallisable  acetic  add,  as  shown  by  Otto  (Ann.  Oh.  Fharm.  cii.  69). 
Moreover,  it  may  be  completely  obviated  by  using  a  solution  of  caustic  soda,  graduated 
for  the  purpose  by  means  of  a  solution  of  pure  acetic  add  of  known  strength  (Amaltsis, 
VoLUHBTBio).  Oreville Williams  (Pharm.  J.  Trans,  xiii.  694^  recommends  fbr  the 
volumetric  estimation  of  acetic  add  a  gnuluated  solution  of  lime  in  su^ar-water. 

Acetic  add  mixes  in  all  proportions  with  alcohoL  It  dissolves  resins,  gum-resins, 
camphor,  and  essential  oils.  Its  use  for  eulinaiy  purposes  is  well  known.  Its  odour 
is  employed  in  medidne  to  relieve  nervous  head-ache,  fainting  fits,  or  sickness  occa* 
sioned  by  crowded  rooms.  Pungent  smelling  salts  consist  of  sulphate  of  potassium 
moistened  with  gladsl  acetic  add.  Pjrroligneous  add  is  largely  used  in  calico-printing ; 
the  tar  and  empyreumatic  substances  present  in  it  appear  to  be  rather  advantageous 
than  otherwise  for  that  pupose.  Laige  quantities  of  acetic  add  are  also  used  for  the 
preparation  of  the  acetates  of  lead,  copper,  aluminium,  &c.  (See  Dictionary  ^f  Arts, 
Mont^facturei,  and  Mines.)  ^ 

JlLoctAtefl. — ^Acetic  add  is  monobadc,  the  general  formula  of  its  normal  salts  being 
C>H*0'.M  or  generally  (CHH)')"  Ji(-),  the  symbol  MC»  denoting  a  metal  whose  atom- 
idty  is  A.  It  also  forms  bade  salts,  which  may  be  regarded  as  compounds  of  the 
normal  acetates  with  oxides.  The  normal  acetates  aXL  dissolve  in  water,  and  most  of 
them  readily.  The  least  soluble  are  the  silver  and  mercury  salts,  so  that  solutions  of 
other  acetates  added  to  mercurous  nitrate  or  nitrate  of  silver,  throw  down  white 
shining  scales  of  mercurous  acetate  or  silver-acetate ;  but  generally  speaking,  acetates 
are  not  formed  by  predpitation :  they  are  produced  by  the  action  of  acetic  add  on 
metallic  oxides  or  carbonates ;  many  carbonates,  however,  the  bexium  and  caldum 
salts,  for  example,  are  not  decomposed  by  acetic  add  in  its  most  concentrated  state. 

All  acetates  are  decomposed  by  heat,  most  of  them  vielding  carbonic  anhydride, 
acetone  and  an  emjTreumatic  oil.  Those  which  are  easily  decomposed,  and  likewise 
contain  bases  forming  stable  carbonates,  are  almost  wholly  resolved  into  acetone  and 
a  carbonate  of  the  hue ;  this  is  especially  the  case  with  acetate  of  barium : 

(0»HK)«)«Ba''  =  C^«0  +  CO'Ba". 

Those  whidi,  like  the  potasdum  and  sodium  salts^  require  a  higher  temperature  to  de- 
compose them,  yield  more  complex  products,  but  always  a  oertain  quantity  of  acetone. 
Among  the  products  are  found  certain  homologues  of  acetone,  viz.  methylacetone 
0"H»(CH*)0  and  eihflaceUme  C«H»(0«H»)O,  together  with  dumasin  C^««0.  (Fittig. 
Ann.  Oh.  Pharm.  ex.  17).  Acetates  containing  weaker  bases,  give  off  part  of  the 
acetic  add  undecomposed,  the  remaining  portion  being  resolved  into  acetone  and 
carbonic  anhydride,  or  if  the  heat  be  strong,  gelding  emp3rreumatic  oil  and  charcosl :  the 
reddue  consults  sometimes  of  oxide,  sometimes,  as  in  the  case  of  copper  and  silver,  of 
reduced  metal ;  in  this  case  part  of  the  acetic  add  is  burnt  by  the  oxygen  abstracted 
ttom  the  metaL  Acetates  heated  with  a  large  excess  of  fixed  caustic  alkali,  are  resolved 
at  a  temperature  below  redness  into  marsh  gas  and  alkaline  carbonate,  e.  g, : 

0«mKO*  +  KHO  «  0H«  +  GO'S*, 

Acetates  distilled  with  sulphuric  add,  give  off  the  odour  of  acetic  add,  and  yidd  a 
distillate  which  dissolves  oxide  of  lead,  and  acquires  thereby  an  alkaline  reaction.  Dis- 
tilled with  sulphuric  and  alcohol,  thej  yidd  acetate  of  ethyl,  recognisable  by  its  odour. 
The  neutral  acetates  impart  to  solutions  of  ferric  salts  a  reddish  yellow  or  red-brown 
colour,  according  to  the  de«;ree  of  dilution.  Acetates  heated  to  redness  with  ar- 
senious  add  give  off  the  odour  of  cacodyl.  The  acetates  of  the  alkali-metals,  and 
probably  others  also,  treated  with  oxychloride  of  phosphoms,  yield  chloride  of  aoetyl, 
together  with  a  tribasic  phosphate: 

3(0»HH).Na.O)  +  PO.a*  -  30»HH)C1  +  PO*Na«. 
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AatTkim  or  ALtmiKirM. — a.  TViacetaie,  AlnxniDinm  being  regarded  as  triTalent 
(Al*  »  H«  or  Al  -  H*)  the  normal  salt  should  be  a  triacetate  (C>H'0*)*A1  or 
(CH'0>)*.A1*  [or  AXK>\SC^*0\  regarding  it  as  a  compound  of  alumina  with 
anhydrous  acetic  add].  This  salt,  however,  exists  only  in  solution,  and  is  decom- 
posed by  evsporation.  The  solution  is  obtained  by  digesting  recently  precipitated 
trihydrate  of  aluminium  in  strong  acetic  acid,  or  by  precipitating  a  solution  of  the 
trisulphate  with  acetate  of  lead : 

(SOVAl»  +  8(C*H«0«)Pb  -  8S0*Pb  +  (C«H"0«)«A1«. 

This  salt  is  largely  used  as  a  mordant  in  dyeing  and  calico-printing,  and  is  generally 
prepared  for  this  purpose  by  precipitating  flJum  with  acetate  of  lead.  The  solution 
thus  formed  contains  sulphate  of  potassium  as  well  as  acetate  of  aluminium. 

0,  Diaoeiate,  When  the  solution  of  the  triacetate  obtained  by  decomposing  trisul- 
phate of  aluminium  with  acetate  of  lead  is  eraporated  at  a  low  temperature,  with 
sufficient  rapidity,  as  by  spreading  the  concentrated  liquid  yery  thinly  on  plates  of 
glass  or  porcelain,  ezponne  it  to  a  temperature  not  exceeidins  100^  F.  (37^*7  C),  and, 
as  it  runs  together  in  atom,  nibbing  it  constantly  with  a  spatula,  diaoetaU  of 

aluminium  remains  in  the  form  of  a  dry  powder  containing  ^  (j^tvj  \  0*  +  6H*0 

[or  2C^H*0'JU*0'  +  6HK)].  The  diacetate  thus  obtuned  dissolves  easily  and  com- 
pletely in  water,  and  the  solution  when  heated  deposits  dihydrate  of  aluminium  soluble 
in  water.  (See  ArTTxnnux.)  But  when  the  solution,  instead  of  being  quickly  eYa|>o- 
rated,  is  left  to  itself  in  the  cold  for  some  days,  it  deposits  a  white  saline  crust,  which 
is  an  aUotropie  diacetate  of  aluminimm  iuaoluble  in  water.  Heat  effects  the  sama 
change  more  rapidly,  and  the  insoluble  diacetate  then  separates  in  the  form  of  a 
nanular  powder.  At  the  boiling  temperature,  the  liquid  is  thus  depriyed  in  half  an 
hour  of  the  whole  of  its  alumina,  whioi  goes  down  with  }  of  the  acetic  acid,  leayinff  J 
in  the  liquid.  The  insoluble  diacetate  digested  in  a  laige  quantity  of  water  is  gradu- 
ally changed  into  the  soluble  modification,  part  of  which  is,  however,  decomposed 
during  the  process  into  acetic  acid  and  the  soluble  dihydrate.  (Walter  Crum, 
Chem.  Soc  ^.  J.  Ti.  217.) 

AcRATBS  OF  Ahmokium.^^  Normoi  acetate.  C*H*0'.NH*.  A  white  odourless  salt» 
obtained  by  saturating  glacial  acetic  acid  with  dry  ammonia.  It  is  very  difficult  to 
obtain  in  the  crystalline  form :  for  its  aqueous  solution  loses  ammonia  on  evapora- 
tion, and  is  converted  into  the  acid  sidt  (3).  It  is  readily  soluble  in  water  and  alcohol. 
Its  aqueous  solution,  known  in  the  Pharmacopeia  as  Sjpiriiue  Mindereri,  isprepared  by 
saturating  aqueous  acetic  acid  with  ammonia  or  carbonate  of  ammonium.  This  solution 
is  transparent  and  colourless,  with  a  peculiar  odour  and  cooling  pungent  taste.  When 
kept  it  is  decomposed,  and  becomes  alkaline,  owing  to  the  formation  of  carbonate  of 
ammonium  ;  by  heat  it  is  converted  into  a  solution  of  the  acid  salt  (fi). 

^.  Acid  Acetate,  (?HK)«.NH«.C«H*0«  or  C«H«0».(NH«)«0  +  C«H«0«.HK).  Obtwned 
as  a  white  crystalline  sublimate  when  dry  ]^wdered  chloride  of  ammonium  is  heated 
with  an  equal  weight  of  acetate  of  potassium  or  calcium,  ammonia  being  given  off 
simultaneously.  A  warm  saturated  solution  of  this  salt  kept  in  a  closed  bottle  de- 
posits long  needle^haped  crystals.  This  salt  is  also  obtained  in  a  radiated  czystalline 
mass,  by  evaporating  the  aqueous  solution  of  the  normal  salt  (a).  The  crystals  redden 
litmus  and  deliquesce  rapidly  in  the  air.  They  melt  at  76°  C.  and  sublime  undeoomposed 
at  121°.    The  composition  of  this  salt  is  probably  that  expressed  by  the  above  formula. 

AcBTATB  OF  Babiux,  (C*H'0')*Ba''. — F^pared  by  decomposing  carbonate  or  sulphide 
of  barium  with  acetic  acid.  The  solution  evaporated  at  a  gentle  heat  yields  flattened 
prisms  containing  (CH*0')'Ba''  +  H'O,  but  when  cooled  to  0^  C.  it  yields  rhomboidal 
prisms,  isomorphous  with  acetate  of  lead,  and  containing  {CBH)*yBtL*  +  3HH).  The 
crystals  dried  at  0°  yield  the  anhydrous  salt  in  the  form  of  a  wnite  powder,  which, 
when  strongly  heated,  is  resolved  into  acetone  and  carbonate  of  barium. 

AcBTATa  OF  Bismuth  separates  in  micaceous  laminae  irom  a  warm  mixture  of 
nitrate  of  bismuth  and  acetate  of  potassium.  Acetic  acid  mixed  with  a  solution  of 
nitrate  of  bismuth  prevents  the  precipitation  of  a  basic  salt  of  that  metal  by  water. 

AcsTATB  OF  CADimTic.— Small  ^smatic  crystals  very  soluble  in  water  (S  tr  om  ey  er). 
According  to  Meissner  and  John,  it  is  not  crystallisable,  but  forms  a  gelatinous  mass. 

AcBTATi  OF  CiLCiuit,  (CHH)*)*Ca'',  crystallises  in  prismatic  needles,  which  effloresce 
in  the  air,  and  dissolve  in  water  and  in  alcohoL  The  salt  is  decomposed  by  heat 
into  acetone  and  carbonate  of  calcium.  A  solution  of  acetate  and  chloride  of  cal- 
cium in  equivalent  proportions  yields,  by  slow  evaporation,  large  crystals  containing 
{(?H»0»)«Ca''.Oa''a«  +  I0H«O. 

AcvTATB  OF  (}bbium. — Small  needles  sparingly  soluble  in  alcohoL 
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AcBTATM  OF  Ohbomittu.— The  ehrwnous  aalt,  (C«H*0«)*Cr'*  +  EPO,  is  piodaoBd  by 
pouring  protoehloride  of  ehiomium  into  a  solution  of  acetate  of  potaattinin  or  eodinm. 
It  forms  red  transparent  exystals,  which  when  moist  absorb  oxygen  reiy  rapidly  fh)m 
the  air,  undergoing  a  true  combustion.  The  ckromio  salt  is  obtained  as  a  green  crr^ 
stalline  cmst,  very  soluble  in  water,  by  dissolving  chromic  hydrate  in  acetic  acid :  tM 
folution  scarcely  zeddens  litmus. 

AcBTATBS  OF  CoBALT. — The  red  liquid  formed  by  dissolying  carbonate  of  cobalt  in 
acetic  acid,  yields  by  evaporation  a  red  residue  which  turns  blue  when  heated.  It 
may  be  used  as  a  sympathetic  ink.  The  oxides  Co'O'  and  Co^O*  also  dissolve,  in 
acetic  acid  without  separation  of  oxygen,  forming  brown  solutions.  The  solution  of 
the  seequioxide  sustains  a  boiling  heat  without  decomposition. 

AcETAns  OF  CoFFSB.— a.  CuprouB  Acetate,  (G*H*0*)XCu*)''.  This  salt  sublimes 
towards  the  end  of  the  distillation  of  normal  cnprio  acetate.  According  to  Berxelius, 
it  is  contained  in  common  green  verdigris,  and  sublimes  when  that  substance  is 
distilled.  It  forms  soft,  loose,  white  flakes,  which  redden  litmus  and  have  a  caustic 
astringent  taste^  Water  decomposes  it  into  normal  cuprie  acetate  and  yellow  cuprous 
hydrate. 

b,  Cuprie  Aoetatea (Berselius,  Pogg.  Ann.  ii2d8;  Trait6,  iv.  173;  Ghm.  viit 

823 ;  Gerh.  i.  728.)    Four  of  these  salte  are  known,  via. : — 

Normal  Cuprie  Acttete    .  (C«H«0«)«Ctt''              «  C«H«0".  CvTO. 

Sesquibasic      .        .        .  2(C»H'0«)«Ctt*.  OvTO  -  2C*H«0".3Cu"0. 

Bibasic  ....  (C'HWWu''.  Cu-O  -  C*H»0«.2Cu"0. 

Tribaaic.        .        .        .  (C«H»0»)»Cu''.2Cu''0  -  C«H«0«.3Ctt''0. 

1.  The  normal  salt  (C*H'0*)K)a",  called  also  OrytiaUUtd  VerdiffrU,  Verdet,  Orietause 
de  VemUf  is  produced  by  dissolving  cuprie  oxide  or  common  verdigris  in  acetic  acid*  or 
by  precipitating  a  solution  of  normal  aceteto  of  lead  with  sulphate  of  copper :  in  e&thtsr 
case,  the  liquid  must  be  highly  ooneentrated  and  then  left  in  a  cool  place.  It 
forms  dark  bluish-green  prisms  belongitig  to  the  monoelinie  system,  and  containing 
(C»HH)«)«Cu''  +  HK).  The  ordinary  combination  is  ooP.OP.  +P.  +2Poo.  Twin- 
czystals  aluo  occur.  Batio  of  the  axes :  a  :  b:  o  *  0*6478  1  :  0*6276.  Inclination 
of  the  axes  *>  63^.  Inclination  of  the  faces,  ooP :  ooP  in  the  plane  of  the  or^o- 
diagonal  and  the  principal  axis  ^  lOS^';  odP  :  OP  -  106°  30';  OP  :  -f  2Pqo  - 
119°  4'.  Cleava^  psrallel  to  OP  and  ao  P.  ^  The  salt  is  efflorescent,  soluble  in  water, 
sparingly  soluble  in  alcohol,  and  poisonous  like  all  soluble  copper-salte.  The  czystals 
after  drying  in  vacuo  at  ordinazy  temperatures,  suffer  no  further  diminution  in  weight 
at  100°,  but  give  off  9*6  per  cent  of  water  between  110°  and  140°,  then  nothing  mor« 
below  240° ;  between  240°  and  260°  strong  acetic  acid,  which  when  rectified  yields  32 
per  cent  of  the  ciystallisable  acid ;  at  270°  white  flmies  which  condense  into  white  flakes 
of  cuprous  acetate ;  and  lastly  a  mixture  of  carbonic  anhydride  and  a  combustible  gas. 
At  330°  the  decomposition  is  complete,  and  a  reddish  substance  remains  consisting 
chiefly  of  metallic  copper.  The  solution  boiled  with  sugar  yields  a  red  precipitete  of 
cuprous  oxide.  Acetete  of  copper  crystallised  at  a  temperature  near  8°,  yields  aystali 
containing  (0*H"0»)*Cu''  +  6H«0. 

2.  The  basic  cuprie  acetetes  are  contained  in  oommon  verdwris  (jvert-de-griM, 
Grunspan)^  a  substenoe  obtained  by  exposing  plates  of  copper  to  me  air  in  contact 
with  acetic  acid,  and  much  used  as  a  pigment  and  as  a  moioant  in  dyeing  wool  black. 
There  are  two  varieties  of  this  substance,  the  blue  and  the  green,  the  former  consist- 
ing almost  wholly  of  dibasic  cuprie  acetete,  the  latter  of  the  sesquibasic  salt  mixed 
with  smaller  quantities  of  the  dibasic  and  tribasic  acetetes.  The  bibaaie  salt  or  blue 
wrdigris  is  prepared  at  Montpellier  and  in  other  parte  of  the  south  of  France,  by  ex- 
posing copper  to  the  air  in  contact  with  fermenting  wine-lees.  The  wine-lees  are 
loosely  packed  in  casks  together  with  straw,  till  they  pass  into  the  stete  of  acetous  fer- 
mentetion ;  and  when  that  is  ended,  they  are  arranged  in  pote  covered  with  straw,  in 
alternate  layers  with  rectangular  plates  of  copper,  which  when  used  for  the  first  time,  ar« 
previously  moistened  with  a  cloth  dipped  in  a  solution  of  normal  acetete  of  copper,  and 
then  driend.  At  the  end  of  three  weeks,  the  phites  are  taken  out ;  placed  in  an  upright 
position  to  drv;  dipped  six  or  eight  times  in  water  in  the  course  of  as  many  weeks;  and 
again  left  to  drr,  during  which  operations  the  verdigris  continually  swells  up.  It  is 
then  scraped  o$  the  plates  again  arranged  alternately  with  sonr  wine^lees,  and  the 
same  processes  are  repeated  till  the  plat^  are  quite  corroded.  The  same  oomponnd  is 
obtained  by  exposing  copper  plates  to  damp  air  in  conteet  with  normal  acetate  of  copper 
made  into  a  paste  with  water.  It  forms  delicate,  silky,  blue,  crystalline  ueedla  and  scaka, 
which  yield  a  beautiful  blue  powder.  They  contain  6  at  water,  which  thOT  give  off  at 
60°,  and  are  then  converted  into  a  green  mixture  of  the  monobasic  and  tribasio  aaU : 

2(C«HH)«)»Cu.CuO  -  (C=H»0«)»Cu  +  (C»H«0«)»Cu.CuO. 
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By  repeated  exliaiifltion  with  WBter»  it  is  reeolred  into  the  ineoluble  trifae«ie  Mlt, 
tnd  a  soiiitioii  of  the  normal  and  Beequibaaic  salts : 

6{C«HH>".3CuO)  -  2(C«H«0».3CuO)  +  2C«H«0«.8CuO  +  C«H«0«.CuO. 

The  following  table  exhibits  the  composition  of  sereiral  kinds  of  bins  vsidigris  as 

dstsnnined  by  Beneliis  and  by  Phillips : 

PhUttiM. 
Frmch.  Bofllth. 

CrTiUIHted.  CompretMd. 

48*5  .  43-26  .  44-26 

298  .  28-30  .  29-62 

26-2  .  28-46  .  26*61 

2-0  .       ..  .  0-62 


CaknUtkm. 

HmeMtiM. 

2CuO 

180    . 

.    48-24 

.     43-34 

C«H«0«       . 

102    . 

.    27-67 

.    2746 

6H*0 

108    , 

.    2919 

.     29-21 

Impurities 

•  ■ 

■       t  ■ 

■       •  • 

870    .  100-00    .  100-00    .  1000    .  100-00    .  100-00 

The  teaquihario  aoeiaie  is  obtained  in  a  state  of  pnrity  by  adding  ammonia  in  small 
portions  to  a  boiling  oonoentiated  solution  of  the  normsl  salt,  till  the  precipitate  is  just 
redissolYed,  and  leaving  the  solution  to  cool;  or  by  treating  common  green  Terdi^^ 
with  cold  or  tepid  water,  and  learing  the  filtrate  to  evaporate.  It  is  then  deposited 
in  bluish  scales  containing  2(0sHK)*)*Ca''.Cb*O  -I-  OHK).  It  gives  off  half  its  water 
at  60°,  and  becomes  greenish. 

Green  VerdigrU^  according  to  Berselius,  is  a  mixture  of  this  salt  with  small  quanti- 
ties of  the  bibasic  and  tribasic  salts,  sometimes  also  containing  cuprous  acetate  and  other 
impurities.  It  is  manufactured  at  G^noble  by  frequently  sprinkling  copper-plates 
wiUi  vinegar  in  a  warm  room ;  and  in  Sweden  by  disposing  copper-plates  in  alternate 
layers  wiui  flannel  cloths  soaked  in  vinegar,  tiU  the  ^reen  salt  begns  to  form,  then 
exposing  them  to  the  air  and  frequently  moistening  with  water.  The  greenest  kind 
contains,  acorading  to  Berselins,  40*9  per  cenU  of  cupric  oxide,  and  13-6  per  cent,  of 
water  azid  impurities ;  the  pure  sesquibasic  salt  contains  43-6  per  cent.  CuO. 

The  tribaaic  aeeiaU,  (CHH>')'0tt".2Cu''0  +  2HK),  is  the  most  stable  of  all  the 
acetates  of  copper.  It  is  obtained  by  exhausting  blue  verdigris  with  water ;  also  by 
boiling  the  aqueous  solution  of  the  normal  salt^  or  by  heating  it  with  alcohol,  or  again 
by  digesting  the  same  solution  with  cupric  hydrate.  The  last  method  yields  the  salt 
Sn  the  form  of  a  green  powder ;  as  obtained  by  the  other  methods,  it  forms  a  bluish 
powder  compoeed  of  fine  needles  or  scales.  It  gives  off  its  water  at  160^,  and  decom- 
poses at  a  higher  temperature,  yielding  acetic  add.  Boiling  water  decomposes  and 
turns  it  brown.  The  brown  substance  thus  formed  was  regarded  by  Berzelius  as  a 
peculiar  basic  acetate,  containing  OH'0'.48Cu''0 ;  but  it  is  more  probably  a  mixture 
of  the  tribasic  salt  with  excess  of  oxide. 

AeeiaU  rf  Copper  and  Calcium,  (C«H^«)"<3»''(C*HH>«)«Cu'  +  8HK).— Obtained 
by  heating  a  mixture  1  atom  of  normal  cupric  acetate  and  1  atom  hydrate  of  calcium 
with  S  times  its  weight  of  water  and  sufficient  acetic  acid  to  dissolve  the  precipitated 
oxide  of  copper,  and  evaporating  the  green  filtrate  at  a  temperature  between  25* 
and  27°.  It  forms  laige,  blue,  transparent,  square  prisms,  often  converted  into 
octagonal  prisms  by  truncation  of  the  lateral  eagoa.  They  effloresce  slightly  in  the 
air ;  faXi  to  powder  at  76°,  giving  off  acetic  acid ;  and  dissolve  readily  in  water. 
Another  cuprico-caldc  acetate,  (C»H»0")«Ca''.(C*H"0«)«Cu''.2Cu''0  +  4HH),  often 
exists  in  crystallised  verdigris :  its  optical  properties  differ  from  those  of  the  normal 
cupric  acetate. 

Jctto-anmtUecf  Copper,  (C«H«0«)»Cu".8(AsO»yCu-.orC*HW.Cu"0  +  3(As»0».Cu'0). 
f^Sokwah^mrt  green,  Itimerial green,  Mitugrient  and  when  mixed  with  gypsum  or  heavy 
•par,  Nmwieder  graen.  Mountain  green,  tfsed  as  a  pigment,  and  prepared  on  the  large 
scale  by  mixing  arsenious  acid  with  cupric  acetate  and  water.  6  parts  of  verdigris  are 
made  up  to  a  thin  paste,  and  added  to  a  boiling  solution  of  4  parts  or  rather  more  of 
arsenious  add  in  60  parts  of  water.  The  boiling  must  be  well  kept  up,  otherwise  the 
|n«dpitate  assumes  a  yellow-green  colour,  from  formation  of  arsenite  of  copper ;  in 
that  case,  acetic  add  must  be  added,  and  the  boiling  continued  a  few  minutes  longer. 
The  precipitate  then  becomes  crystalline,  and  acquires  the  fine  green  colour  peculiar 
to  the  aeeto-arsenite.  The  salt  is  insoluble  in  water,  and  when  boiled  with  wuter  for 
»  considerable  time,  becomes  brownish  and  gives  up  acetic  add.  Adds  abstract  the 
whole  of  the  copper,  and  aqueous  alkalis  first  separate  blue  cupric  hydrate,  which, 
.when  boiled  with  the  liquid,  is  converted  into  black  cupric  oxide,  and  afterwards  into 
led  cuprous  oxide,  an  aUuline  arsenate  being  formed  at  the  same  time. 

AcBTATss  OF  IsoN.— ^.  Fetrous  Aeeiate.  When  metallic  iron  or  the  protosnlphids 
is  dissolved  in  stronff  acetic  add,  and  the  solution  concentrated,  small  colourless  silky 
needles  are  obtained,  which  dissolve  easily  in  watsr,  and  rapidly  absorb  oxygen  from 
Che  air. 
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fi,  Ferrie  JaeiaU. — Obtained  by  duflolniig  ferric  hydrate  in  aoette  acid,  or  by  deeom« 
pooDg  a  solution  of  ferric  sulphate  with  acetate  of  lead.  It  is  nnojstaUiaable  and 
Toiy  soluble  in  water,  forming  a  red-brown  solution ;  soluble  also  in  alcohol  The 
aqueous  solution,  when  kept  in  a  state  of  ebullition  for  about  12  hour%  undergoes  a 
remarkable  modification,  acquiring  a  brick-red  colour,  and  remaining  dear  when 
Tiewed  by  transmitted  light,  but  appearinff  opaque  and  opalescent  by  Nflected  ligjht. 
At  the  same  time,  it  loses  entirely  the  metulic  taste  of  iron  salts,  and  acquires  that  of 
Tinegar ;  it  forms  a  brown  instead  of  a  blue  precipitate  with  ferrocyanide  of  potassium, 
and  no  longer  exhibits  the  characteristic  red  colour  with  sulphocyanides.  Traces  of 
sulphuric  or  phosphoric  acid,  or  of  alkaline  salts,  precipitate  the  whole  of  the  iron  in 
the  form  of  a  red-brown  precipitate,  which,  at  ordinary  temperatures,  is  perfectly  in- 
soluble in  acids,  even  the  most  concentrated;  hydrochloric  and  nitric  acids  throw 
down  a  red  granular  precipitate,  which,  when  perfectly  freed  from  the  add  mother- 
liquor,  dissoWes  easily  and  completely  in  water.  (P6an  de  St.  Gilles,  Ann.  Ch. 
Phys.  [3]  xlvi.  47.)    (See  Supflbkuit.) 

A  mixture  of  the  two  acetates  of  iron,  cxXL^A  vyroUgniU  of  it<m  {liqusut  deferraUUt 
howUcn  notr),  is  prepued  on  the  large  scale  by  treating  iron  with  wood-rinegar,  in 
contact  with  the  air.  It  is  used  as  a  mordant  for  black  dyes ;  also  for  presenring 
wood. 

AcKTATss  OF  Lbad.— The  normal  acetate  (C«HH)")«Pb'',  or  Pb"O.C*H«0»  {Sugar  of 
lead,  saoeharum  Satumif  sel  de  Satume,  Bleunieker)  is  prepared  by  dissolying  oxide  or 
carbonate  of  lead  in  acetic  acid,  wood-vinegar  being  used  on  the  large  scale,  or  by 
immersing  plates  of  lead  in  vinegar  in  vessels  exposed  to  the  air.  It  crystallises  in 
prisms  containing  (C'H"0*)'Pb''  +  ffK),  and  belonging  to  the  monodinic  system. 
Ordinary  combination :  oo  P .  OP .  oo  P  oo ,  sometimes  with  the  face  OP  predominating^ 
so  as  to  give  the  oystala  a  tabular  form.  The  length  of  the  orthodiagonal  is  to  that  of 
the  clino-diagonal,  as  0*4197  to  1.  Inclination  of  the  axes  «■  70°  28'.  Inclination 
of  the  faces:  oo  P  :  oo  P«128®;  oo  P  :  oo  Poo  -  116<>;  oo  P  :  0P^999  80'; 
OP:  00  Poo  =r  109°  32.  Cleavage  paralld  to  OP  and  ooPoo.  The  crystals  are 
efflorescent^  soluble  in  0*69  parts  of  water  at  16°'6  (6QP  F.),  and  in  8  parts  of  alcohoL 
The  salt  has  a  sweety  astringent  taste,  and  is  veiy  poisonous.  It  melts  at  76°*6 ;  begins 
to  give  off  water  with  a  portion  of  its  add  a  little  above  100° ;  and  is  oompletdy  de- 
hymted  at  280°.  Above  that  tempcffsture  it  decomposes,  giving  off  acetic  add, 
carbonic  anhydride,  and  acetone,  and  leaving  metallic  lead  very  findy  divided  and  highly 
combustible.  The  aqueous  solution  is  partially  decomposed  by  the  carbonic  acid  of 
the  air,  carbonate  of  lead  being  predpitated,  and  a  portion  of  aoetie  add  set  free^ 
which  prevents  further  decomposition.  The  solution  is  not  predpitated  by  *™iw*wi^ 
in  the  cold,  but  vidds  oystals  of  oxide  of  lead  when  heated  with  a  large  excess  of 
ammonia.  Normal  acetate  of  lead  forms  crystalline  compounds  with  chloride  of  lead 
and  with  peroxide  of  lead. 

(Be rs el i us,  Ann.  Ghim.xdv.292;  Schindler,Brande8^  Ardiiy,  zlL  129;  Payen* 
Ann.  Oh.  Phys.  [2]  Ixv.  238,  and  Ixvi.  87 ;  Wittstein,  Buchnes't  Bepert.  bdpdT. 
170;  Gm.viii.810;  Oerh.  i  736.) 

Four  basic  acetates  of  lead  have  been  described,  via. : 

The  seequibasie  acetate      .  2(C*H"0<)>Pb".  Fb*0  or  2C«H«0*.8Fb''O. 

Bibasie      ....  (C«HH)«)*Pb*.  Pb^O  or    C*H«0»J8Pb*0. 

Tribadc    ....  (C«H"0«)»Pb-.2Pb'0  or    C*H«0«.8Pb'0. 

Sexbadc   ....  (C«H»0«)«Pb'.6Fb''0  or    C^HW.ePb'O. 

All  of  these,  however,  except  the  tribadc  salt,  are  of  rather  doubtibl  eompodtioB. 

The  sesqidbane  salt  is  obtamed  by  heating  the  normal  salt  till  it  mdts,  and  snbae- 
quently  solidifies  in  a  white  porous  mass.  By  dissolving  the  residue  in  water  and  •▼»• 
porating,  the  salt  is  then  obtained  in  nacreous  lamixue  containing  2[2(C^H*0')^Fb  JbO] 
•f  HK).  It  is  more  soluble  in  water  and  alcohol  than  the  normal  acetate,  and  focma 
alkaline  solutions.    (Payen,  Schindler.) 

The  Meuic  aeetats  is  deposited  in  the  crystalline  fbrm  when  oxide  of  lead  (maadeot) 
is  dissolved  in  the  proper  proportion  in  the  normal  acetate.  The  crystals  contain 
2  atoms  of  water,  half  of  which  is  given  off  at  70°,  and  the  rest  at  100°.  (Sch  indler.) 

The  tribaaie  acetate  is  obtained  in  the  crystalline  form,  when  a  solution  of  the  nomal 
salt,  saturated  in  the  cold  and  mixed  with  |  of  its  volume  of  utmnnni^  jg  lalt  to 
evaporate ;  also  by  digesting  7  parts  of  massicot  in  a  solution  of  6  parts  of  the  era- 
talhsed  normal  acetate.  It  forms  long  silky  needles,  very  soluble  m  water,  but  in* 
soluble  in  alcohol.  The  aqueous  solution  becomes  turbid  on  exposure  to  the  air. 
According  to  Phyen,  the  crrstals  contain  (C*H*0')*Pb''Ja>'0  -t-  HH),  but,  aoMiding 
to  Benehus,  they  are  anhydrous. 

The  ssanftoMff  salt  is  obtained  bv  digesting  the  solution  of  dther  of  the  pvseadiitt 
•alts  with  excess  of  oxide  of  lead.    A  crystalline  predpitate  is  then  fonned^  which 
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dissolTes  sparingly  in  boiling  water,  and  separatee  in  silky  needlea  containing 
(0«H«O»)*Pb".6Pb'T)  4  |HH).    (Berselius.) 

'The  liquid  called  Goulard^ a  htion^  lead^neaar^  acetum  Saturni,  is  a  miztore  of 
the  aqneous  solutions  of  these  basic  acetates  of  lead,  chiefly  the  tribasic  salt  It  is 
prepazed  by  digesting  oxide  of  lead  in  acetic  acid,  or  in  a  solution  of  the  normsl  acetate. 
It  IS  an  alkaline  liquid  which  is  decomposed  by  the  carbonic  acid  in  the  air.  It  pre- 
cipitates a  large  number  of  vegetable  substances,  such  as  gum-resins,  colouring  mattan, 
&C.  and  from  its  power  of  coagulating  mucus,  is  much  used  as  a  lotion  for  wounda 
and  sores. 

AcBTATB  OF  LrTHTOK.  C"HWLi  +  2  H»0.— Right  rhomboidal  prisms,  deliquesoent 
in  moist  air,  soluble  in  len  than  a  third  of  theirweight  of  water  at  IS^',  and  in  4*6  pta. 
of  alcohol  of  sp.  gr.  0*81  at  14^. 

AcBTXTB  OF  Maxoakbsb. — Pslo  rose-ooloured  q^Iinters  or  small  prisms  grouped  to- 
gether; soluble  in  3  pts.  of  water. 

AcariTn  of  Mbbcdbt.— ifisrcurMW  aoetaU,  (C^*0')*(Hg')^  is  obtained  by  foeei- 
pitating  mereurous  nitrate  with  a  soluble  acetate.  It  forms  anhydrous  micaceous 
tuninsB,  sparingly  soluble  in  water.  Heat  decomposes  it  into  metaUic  mercury,  car- 
bonic anhydride,  and  acetic  aeid. 

Mercuric  AcetaU,  (C«H»0»)«Hg-  or  C«HH)«.Hg''0,  is  raepared  by  dissolving  red  oxide 
of  mezeory  in  warm  acetic  acid.  It  crystallises  in  brilliant  micaceous  laminse,  soluble 
in  their  own  weight  of  water  at  10^,  and  somewhat  more  soluble  in  boiling  water. 
Alcohol  and  ether  decompose  it,  separating  mercuric  oxide. 

AcetaUofMercuramfnonium,(S^B*0*y.('^m*^y  +  2H«0,  is  obtained  by  agitat- 
ing recently  precipitated  mercuric  oxide  with  a  solution  of  acetate  of  ammonium.  It 
crystallises  in  rhomboidal  plates,  veiy  soluble  in  water,  insoluble  in  aloohoL  At  100^ 
it  gives  off  from  30  to  31  per  cent,  of  its  weight,  and  is  converted  into  aoetate  ofUtrOf 
mercurammonium,  (C*H»0«)*{N''Hg«)''. 

AcHTATi  OF  KicxxL  crystallises  in  apple-green  prisms,  slightly  efflorescent,  soluble 
in  6  pts.  of  cold  water,  insoluble  in  alcohoL  The  solution  is  decomposed  by  hydro* 
fttlphurie  acid,  which  throws  down  sulphite  of  nickel. 

AcRATM  OF  FoTASsnnff.— ^bm<l/  oMtaU.     C*H'0*K  or  C*K*G*:KHy.    (Terrm 
foUata    Thrtari,   Arcanwm    Tartaric    Tartarut   regenaratuB,  BlaUererde,  gMUUrte 
WinniteinertU.) 

This  salt  exists  in  the  juioes  of  manyplants.  It  is  prepared  by  dissolving  carbonate 
of  potassium  in  aeetie  acid.  When  raown  vinegar  is  used  for  the  purpose^  the  car- 
bonate of  potassium  should  be  added  by  small  portions,  so  as  to  keep  the  solution 
constantly  acid.  The  object  of  this  precaution  is  to  avoid  the  formation  of  ooloored 
products  by  the  contact  of  free  alkali  with  the  foreign  matters  in  the  vinegar.  Pure 
acetate  of  potassium  is  a  white  salt,  difficult  to  crystallise,  vezr  soluble  in  water  and 
deliquescent,  soluble  also  in  alcohol,  and  precipitated  by  ether  from  the  alcoholic 
solution.  Carbonic  acid  gas,  passed  into  a  solution  of  the  salt  in  absolute  alcohol, 
throws  down  carbonate  of  potassium,  and  liberates  acetate  of  ethyl.  The  salt  melts 
below  a  red  heat,  forming  a  limpid  oil,  which  solidifies  in  an  extremely  deliquescent 
mass  on  cooling.  It  requires  a  vexr  high  temperature  to  decompose  it,  and  then  gives 
off  acetone,  empyreumatic  oil,  and  mflammable  gases,  and  leaves  a  residue  of  carbona^'C 
of  potassium  mixed  with  eharoosl  Heated  with  excess  of  hydrate  of  potassium,  it 
yields  carbonate  of  potassium  and  marsh  gas : 

CHWK  +  KHO  -  CH*  +  CO«K». 

Heated  with  arsenious  anhydride,  it  yields  cacodyL  (See  ABSHwrnssoFMsTSTi^)  Chlo* 
rine,  passed  into  the  aqueous  solution  of  acetate  of  potaissium,  liberates  carbonic  anhydride, 
and  forms  a  bleaching  liquid,  which  however  loses  its  decolorising  power  on  exposure 
to  the  air.  When  an  electric  current  is  passed  through  a  strong  aqueous  solution  of 
acetate  of  potassium  separated  into  two  parts  by  a  porous  diaphragm,  hydrogen  alone 
is  evolved  at  the  negative  pole ;  while,  at  the  positive  pole,  there  is  evolved  a  gaseoos 
miztore  of  methyl  and  carbonic  anhydride,  together  with  acetate  of  methyl  and  a  small 
quantity  of  oxide  of  methvL  The  principal  decomposition  is  represented  by  the 
equation : 

2C«H«0«  -  CH*  +  2C0«  +  H«, 

tliA  tAstata  and  oxide  of  methyl  being  secondary  products.  (Eolbe,  Ann.  Ch.  Pharm. 
Ixix.  267.) 

Acid   AcctaU   or  DiacetaU  of  P^fUuwm,  CSH'0*E.C*H«0«,  or  OHH)'.H*0  -l 

When  the  normal  acetate  is  evaporated  with  an  excess  of  strong  acetic  acid,  this 
Vol.  I.  C 
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Add  salt  i»  deposited  in  needle*  or  laminae,  or  by  bXow  erapomtion  in  long  flattctied 
prisma,  apparentlj  belonging  to  the  rhombic  system.  It  is  very  deliqueiicent,  melts  at 
148^,  ana  decomposes  at  200^,  giving  off  crystallisable  acetic  acid.  On  this  proper^ 
is  founded  an  easy  method  of  obtaining  the  crystallisable  acid. 

Diacetate  of  potassium  is  formed  when  the  normal  acetate  is  distilled  with  but^c  or 
valerianic  acid ;  but  neither  of  these  acids  decomposes  the  salt  thus  produced.  Hence, 
when  butyric  or  valerianic  acid  is  mixed  with  acetic  acid,  a  separation  more  or  less 
complete  may  be  effected  by  half  neutralising  the  liquid  with  potash,  and  distilling.  If 
the  acetic  acid  is  in  excess,  diacetate  of  potassium  alone  remains  behind,  the  whole  of 
the  yalerianie  or  butyric  acid  passing  over,  to^^ther  with  the  remainder  of  the  acetic 
acid.  If,  on  the  contrary,  the  other  acid  is  in  excess,  it  passes  over,  unmixed  with 
acetic  add,  and  the  residue  consists  of  diacetate  of  potassium  mixed  with  butyrate  or 
valerate.  By  repeating  the  process  a  certain  number  of  times,  either  on  Uie  acid 
distillate  or  on  the  add  separated  from  the  residue  by  distillation  with  sulphuric  acid, 
complete  separation  may  be  effected.    (Liebig,  Ann.  Ch.  Pharm.  Ixzi.  856.) 

jMkudnmt  DiauiaU  of  PotoMsium,  2C>H*0>K.C«HH)*  «  K>0.2OH*0«,  is  fwo- 
dueed  oy  dissolving  melted  acetate  of  potassium  in  acetic  anhydride  at  the  boiling 
heat»  or  by  the  action  of  potassium  on  acetic  anhydride.  Forms  colourless  needles 
very  soluble  in  water,  less  deliquescent  than  normal  acetate  of  potassium.  It  is 
decomj)osed  by  heat,  giving  off  acetic  anhydride.  (Qerhardt,  Ann.  Ch.  Phys.  [3] 
xxxvii.  317.) 

AcBTATS  OF  Silver,  CH'O'Ag.— Obtained  by  precipitating  nitrate  of  silver  with 
acetate  of  sodium.  C^tallises  from  boiling  water  in  thin,  flexible  laminn ;  soluble 
in  100  pts.  of  cold  water. 

AovTA-n  OF  Sodium,  C^»0*Na  or  C*H*0«.Na«0.  T^rra  foliata  TartaH  ery$taU 
liMobilia,  Tbttb  foliie  nUnhale, — ^Prepared  either  by  dissolving  carbonate  of  sodium 
in  acetic  acid,  or  by  decomposing  ncetate  of  calcium  with  sulphate  of  sodium. 
Forms  large  transparent  prisms  belonging  to  the  monoclinic  system.  Ordinary 
combination:  oo  P.[oo  Poo].  OP.  — P;  more  rarely  with  ooPoo,  +P,  +2Poo. 
Batio  of  the  axes :  a:  b\c^  0*8348  :  1  :  0*8407.  Angle  of  the  axes  »  68^  16'.  In- 
dination  of  the  faces :  oo  P:  oo  P  in  the  plane  of  the  orthodiagonal  and  prindpal  axis 
«■  95^-30 ;  ~  P :  +  P,  forming  the  obtuse  edges  of  the  pyramid  +  P  in  the  plane  of 
the  oblique  diagonal  and  prindpal  axis  «-  117^*82;  «oP:  0P»  76^*86.  Cleavage 
parallel  to  OP  and  ooP.  (Gerhardt,  Traits  i  726.)  The  crystals  contain  8  at. 
water.  They  eiBoresce  slightly  in  dry  air,  completely  at  a  moderate  heat,  and  melt 
oelow  100^.  They  dissolve  in  8*9  pts.  of  water  at  6^,  in  2*4  pts.  at  87^  and  in 
1*7  pts.  at  48^  (Osann).  According  to  Berselius,  a  solution  saturated  at  the  boiling 
heat,  contains  0*48  pts.  water  to  1  pt  of  salt,  and  boils  at  124^*4.  The  salt  is  less 
soluble  in  aloohoL    It  has  a  bitter,  pungent,  but  not  disagreeable  taste.  * 

AcsTATB  OF  Stbontiuh  ciystallises  like  the  barium-salt  in  two  different  fbrmo,  con- 
taining different  quantities  of  water.  The  salt  deposited  at  15^,  contains  4*23  p.  e. 
water  (2(C^"0')*Sr"  +  H'O),  and  that  which  is  deponted  at  low  tempemturea  contains 
(C*H"0*)*Sx''  -I-  2H'0.  The  latter  forms  prisms  belonging  to  the  monodinic  system, 
ooP:  ooP  »  1240  64';  ooP.  ooPoo  =  107"  38*;  OP:P«  «  168*>-12.  dsavage 
indistinct,  parallel  to  ooPoo  . 

AcBTATB  OF  TiN.  —  BoiUug  acetic  add  dissolves  tin  slowly,  with  evolution  of  hy- 
drogen ;  the  hydrated  protoxide  dissolves  easily  in  the  boiling  add,  and  the  solution 
evaporated  to  a  syrup  and  covered  with  alcohol  yidds  small  colourless  crystals.  Hy- 
drated dioxide  of  tin  also  dissolves  in  acetic  add,  and  the  solution  yields  a  gummy 
mass  when  evaporated.  Bichloride  of  tin  fbrms  a  crystalline  compound  with  gUcial 
acetic  add. 

AcBTATB  OF  TTiLLifiuK.  —  UranouB  Acetate,  obtained  by  evaporating  a  solution  of 
oxide  in  acetic  add,  oystallises  in  green  needles  grouped  in  warty  masses. 

Vramc  Acetate,  or  Acetate  of  Uretmyl,  (C«H»0«)«(U*0«)"«  or  C*H*0MJK)»,  is  ob- 
tained by  heating  uranic  nitrate  till  it  begins  to  evolve  oxygen,  dissolving  the  yellow- 
ish red  mass,  which  still  oonteins  nitric  acid,  in  warm  concentrated  acetic  add,  and 
eva]^rating  to  the  crystallising  point ;  all  the  nitric  acid  then  remains  in  the  mother 
liquid.  From  a  very  concentrated,  or  from  an  acid  solution  slightly  cooled,  the  salt 
separates  in  beautiful  rhomboidal  prisms,  (C>H"0*)<(UH)*)''  -*■  2H'''0,  belonging  to  the 
monoclinic  system ;  boiling  water  decomposes  them  with  separation  of  uranio  hydrate^ 
but  the  solution  yields  the  same  crystals  by  evaporation.  A  more  dilute  solution  cooled 
below  10"  deposits  square-based  octohedronsoontainiDg  (C>HH}*)»(U^*)''  •*>  8HH>,  or 

*  Unayl*  U'O'i  ii  s  diatomic  radicle,  loppoted  to  exist  is  the  uraaic  conpoundt.    (See  Uaianni.) 
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(C»H*0^«(U»0*)*  +  8H«0.    They  give  oif  i  of  Uieir  water  at  200®,  and  the  wet  at 
27 A®,  leaving  the  yellowish-red  anhydrona  salt. 

Uranie  aeetate  combines  with  the  acetates  of  the  more  basic  metals,  forming  double 
aoetates.  The  ammonium^  potasnum,  and  sodium  salts  are  obtained  by  adding  the 
solutions  of  the  carbonates  to  a  solution  of  uranie  acetate,  till  a  precipitate  is  formed 
consisting  of  a  uranate  of  the  alkali-metal,  redissolying  this  precipitate  in  a  slisht 
excess  of  acetic  add,  and  cooling  the  solution  till  it  oystallises.  The  other  double 
salts  of  this  group  are  obtained  b^  boiling  the  carbonates  with  uranie  acetate,  till  the 
whole  of  the  uranie  oxide  is  precipitated,  redissolying  the  precipitate  in  acetic  add, 
and  eraporating.  The  lead  and  cadmium  salts  consist  of  1  at.  of  uranie  acetate  combined 
with  1  at.  of  the  monobasic  acetate,  their  formula  bdng  (C*H*0<)*Pb''.(CH*0>)«(UH)*f 
+  6H«0  and  (CHK)*)»Cd".(C«HH)»)«(UK)«r  +  6H«0.  All  the  rest  contain  2  at.  uranie 
acetate  with  1  at.  of  the  diatomic  metal,  tneir  general  formula  being  (C*H'0*)'M''. 
(CH*0*)'(n*0')'  +  f}H*0.  Most  of  these  salU  crystallise  with  facility,  the  potassium 
and  silver  salts  in  the  quadratic  system ;  the  sodium  salt  forms  regular  tetrahedrons. 
The  strontium  and  calcium  salts  are  very  soluble  in  water,  and  difficult  to  crystallise. 
The  sodium  salt  is  anhydrous ;  the  rest  contain  water  of  crystallisation.  (Wer  theim, 
J.  pr.  Chem.  xxix.  209 ;  Weselsky,  Chem.  Oas.  1868,  890.) 

AcBTATB  OF  YiTBiux,  (C>HK)')*Y''  •»•  2HK).^Rhomboidal  prisms  with  trihedral 
summits.  They  are  permanent  in  the  air  at  ordinaiy  temperatures ;  give  off  their 
water,  and  become  opaque  at  100® ;  dissolve  in  9  pts.  of  eold  water,  and  in  a  smaller 
quantity  of  boiling  water ;  also  in  alcohol.    (Berbn.) 

AcwATB  or  Zuro,  (C«H»0«)'Zn''  +  8H»0  or  OH«0«.ZnO  +  8H«0.— Obtained  by 
dissolving  either  the  metal,  the  oxide,  or  the  carbonate  in  aoetie  acid.  Cxystallises 
in  nacreous  efflorescent  laminsB  t>elonging  to  the  monodinie  system  (Kopp's  Krystal- 
lographie,  p.  310).  Ordinary  combination  :  OP.  oe  P.  oo  Poo  .  •*>  P.  +  2Peo ,  the  fayoe  OP 
predominating,  a:  6:e  *b  0*4838  :  1  :  0*87.  Indination  of  axes  *  46®  SO'.  Indi- 
naUon  of  fiices,  oo  P :  ao  P  in  the  plane  of  orthodiagonal  and  prindpal  axis  —  112°  Z& ; 
floP.OP=  112«28';  OP:  ooPflo  -  113®  30^;  OP:  Poo  =  80» ;  OP  :  +  P  -  76«»  30'. 
Cleavage  parallel  to  OP.  llie  salt  dissolves  very  readily  in  water.  At  100®  it  mdts, 
gives  off  its  water  with  a  little  acetic  add,  then  solidifies,  and  does  not  liquefy  again 
till  heated  to  190®  or  196°,  at  which  temperature  anhydrous  acetate  of  zinc  sublimes 
in  nacreous  scales.  Athigher  temperatures, complete  deoDmposition  ensues.  (Laroeque, 
Beeueil  des  Trav.  de  U  Soc  Fharm.  1847-64.) 

ACaXSO  ACZB,  BVaSTXTUTXOV  PBODVOTS  OF.— The  following  adds 
(which  will  be  more  fhllv  described  hereafter),  sie  derived  from  acetic  acid  by  substi- 
tution: 

Bzcmacetio  add ^^'^^[o 

IHbromscetie  add ^^'^^''^|o 

Chloracetic  add ^^"^^lo 

Trichloracetic  add ^^''^[^ 

lodaoeticadd ^^"^[o 

Diniod-acetic  add ^^"^^[0 

Thiaceticsdd ^^^{s 

The  brominated  and  chlorinated  adds  are  produced  by  the  direct  action  of  bromine 
and  chlorine  on  acetic  add;  the  iodated  adds  by  the  action  of  iodide  of  potasdum  on 
bromacetate  and  dibromacetate  of  ethyl ;  and  thiacetic  add  by  treating  ghicial  acetic 
add  with  pentasulphide  of  phosphorus  (p.  11).  All  these  acids  are  monatomic, 
like  scetic  add  itself,  correspond  to  it  in  nearly  all  their  reactions,  and  are  formed 
upon  the  same  type. 


1.    Cmny*  «  ((?H«0)«0.     Ankydrou»    AceUe  oM, 

Oxide  of  Acetyl;  Acetate  of  AcetyL^QeTh^r  dt,  Traits,  i  711.) 

This  compound  is  obtained :  1.  By  the  action  of  oxychloride  of  phosphorus,  POGl', 
on  aeetate  of  potasdum.  The  acetate  deprived  of  water  by  ^ion,  is  introduced  into 
a  tubulated  retort,  and  the  oxychloride  of  phosphorus  admitted  thiou^  the  tubulns, 
drop  by  drop.    A  violent  action  takes  place,  the  mixture  becoming  very  hot  without 
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the  ttplieation  of  external  heat,  and  a  liquid  diatila  over,  which  is  the  ehloritle  of 
acetyl,  while  tribaeic  phoephate  of  potaBsinin  remains  in  the  retort: 

8(?H'K0«  +  P0C1»  -  PO«K«  +  3(C«HH).C1). 

If  now  thia  liquid  be  poured  back  again  three  or  four  times  into  the  retort,  so  thut 
it  may  remain  for  some  time  in  contact  with  the  acetate  of  potassium,  that  salt  being 
also  in  ezcees  and  pretty  strongly  heated,  a  farther  action  takes  place  between  the 
acetate  of  potassium  and  the  compound  C'HH).C1,  the  result  of  wnich  is  the  forma- 
tion of  acetic  anhydride :  thus, 

C»H«KO«  +  C«EPO.a  -  Kca  +  C*H«0«. 

The  aeetie  anhydride  enters  into  combination  with  the  acetate  of  potassium,  and  a 
oonsidorable  degree  of  heat  is  required  to  destroy  this  compound  and  cause  the  anhy- 
dride to  distU  over.  The  distillate  is  more  or  less  contaminated  with  acetic  acid  and 
chloride  of  acetyl ;  but  on  redistilling  the  crude  product,  these  impurities  pass  over  at 
the  commencement^  before  the  temperature  rises  to  137^*6,  after  which  the  pure 
anhydride  distDs  over. — 2.  By  the  action  of  terchloride  of  phosphorus  on  acetate  of 
potassium.  When  the  liquid  chloride  is  added  drop  by  drop  to  the  acetate  of  potas- 
sium (about  1  pt  FCl'  to  more  than  2  pts.  of  the  acetate),  the  action  begins  without 
imiJication  of  heat,  and  chloride  of  acetyl,  amounting  in  quantity  to  about  half  the 
c£loride  of  phosphorus  used,  distils  oyer  mixed  with  a  snuJl  quantity  of  chloride  of 
phorohorus.  On  heating  the  residue  after  this  action  has  ceased,  acetic  anhydride 
distilB  over  free  from  chloride,  and  in  quantity  equal  to  about  a  third  of  the  chloride 
of  phosphorus  used.  The  product  contains  a  small  quantity  of  a  phosphorus-oompound, 
which  causes  it  to  impart  a  brownish  colour  to  nitrate  of  silver ;  but  it  may  be  freed 
from  this  impurity  by  a  second  distillation  with  acetate  of  potassium.  —  3.  By  the 
action  of  chloride  of  benzoyl,  CHH).G1,  on  fused  acetate  a£  potassium.  The  first 
products  of  the  action  are  chloride  of^potassium  and  acetate  of  benzoyl,  (?H*0' : 

CTHK).  a  +  c«H«KO*  -  Ka  +  ^^1 0. 

But  if  the  acetate  of  potassium  is  in  excess,  and  the  mixture  is  heated  somewhat 
above  the  temperature  at  which  the  original  substances  act  upon  each  other,  a  further 
action  takes  place,  and  a  colourless  liquid  distils  over,  which  is  acetic  anhydride,  while 
benzoic  anhydride  remains  in  the  retort  in  combination  with  benzoate  of  potassium. 
These  new  products  are  formed  by  double  decomposition  between  2  atoms  of  the 
benzoic  acetate : 


4.  By  the  action  of  chloride  of  acetyl,  OH*OC1,  on  diy  benzoate  of  sodium.  The  reaction, 
which  takes  place  without  the  aid  of  heat^  is  precisely  similar  to  the  preceding. 

Acetic  anhydride  is  a  colourless,  vezy  mobile,  strongly  refracting  liquid,  having  a 
powerful  odour,  similar  to  that  of  the  hydrated  acid,  but  stronger,  and  recaUing  at  the 
same  time  that  of  the  flowers  of  the  white-thorn.  Sp.  gr.  1*073  at  20°*6,  iniich  is 
neariy  that  of  the  hydrated  acid,  CH^O*  +  H'O,  at  its  greatest  densi^.  Boiling 
point  137^*5  under  a  pressure  of  750  mm.  Vapour  density  »  3*47  (by  calculation  8*581 
for  a  condensation  to  2  volumes). 

Fumifw  sulphuric  acid  becomes  heated  by^  contact  with  acetic  anhydride,  carbonic  an« 
hydride  being  given  off  and  a  coi\jugated  add  produced,  which  forms  a  gummy  salt  with 
lead.  Potassium  acts  violently  on  acetic  anhydride,  evolving  a  gas  which  does  not 
take  fire  if  the  potassium  be  introduced  by  smaU  portions  at  a  time.  The  liquid,  after 
a  while,  solidifies  into  a  mass  of  needles,  consisting  of  a  compound  of  acetic  anhydride 
with  acetate  of  potassium  (p.  33).  An  oily  substuice  is  also  produced,  having  a  vexy 
plessant  ethereal  odour.  Finely  divided  sine  acts  upon  acetic  anhydride  in  a  similar 
manner,  but  less  energetically,  and  only  when  heated  in  the  water  bath ;  hydrogen 
gas  is  then  eiven  ofi^  and  a  soluble  salt  formed,  which  is  deposited  in  microscopic 
crystals  on  the  surface  of  the  metal,  and  greatly  retards  the  action.  On  saturating 
the  excess  of  acetic  acid  in  the  residue  with  carbonate  of  sodium,  the  ethereal 
odour  above  mentioned  is  perceived.  The  hydrogen  evolved,  if  collected  immediately, 
has  the  same  odour,  bums  with  a  bluish  flame,  and  the  product  of  the  combustion 
renders  lime-water  turbid ;  but  after  passing  through  potassium,  it  is  inodorous,  and 
•when  burnt  yields  nothing  but  pure  vapour  of  water. 

Acetic  anhydride  does  not  combine  immediately  with  loatfTf  but  when  poured  into 
•that  liquid,  falls  to  the  bottom  in  oily  drops  which  dissolve  after  a  while,  u  the  liquid 
is  heated  or  agitated.  It  absorbs  water  fix>m  the  air,  and  must  therefore  be  kept  in 
well  dosed  vessels. 
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Acetid  ftahydride  combines  with  oldekjfdea*  With  ordinaiy  aldehyde,  it  fonns  a 
liquid  oomponnd,  C^HH)*.  O'B^O  (Geutner),  and  a  limilar  compound  with  yaleriL 
C«H«0*.  0»H'*0  (Guthrie  and  Kolbe) ;  also  with  bitter  almond  oU  (Geuther). 

AcBTomonoic^  or   Bbisoaobtio   Amxtdbidb,  C^*0*  ■>  Qr^ftol^*      Acetate   of 

Benroyij  Benzoaie  of  Acetyl. — Obtained  bj  the  action  of  chloride  of  acetyl  on  benzoate 
of  Bodimn.  HeaTj  oil  smelling  like  Spanish  wine.  Neutral  to  litmua.  "SotUb  at  120^  C. 
and  IB  reeolyed  into  acetic  and  benzoic  anhydrides  (p.  35).  Beaolved  into  acetic  and 
benzoic  adda  by  boiling  with  water,  and  more  quickly  witJi  alkalis. 

AoBTO-ciNKAJCio  Anhtdbidb,  C*H*0.(?H'0.0.  Acetate  of  Ciwnamyl,  ^. — A  very 
instable  product  obtained  by  the  action  of  chloride  of  acetyl  on  dnnamate  of  sodium. 
Oil  heaTier  than  water,  something  like  the  preceding  compound. 

Acvro-cuMonc  ANHmnnn,  0^*0 .  C**H"0 . 0,  Acetate  of  Ckmyl, — Kesembles 
the  preceding  compounds.  In  the  moist  state  it  quickly  turns  add,  and  yields  beautiM 
lommm  of  euminic  acid,  the  odour  of  acetic  add  becoming  perceptible  at  the  same  time. 

AcBTo-fiAUCfTLic  Amhtdbidb,  CHK)  .  C^*0'.0.  Acetate  of  Salicyl,  ^—Salicylate 
of  sodium  is  strongly  attacked  by  chloride  of  acetyl,  even  at  ordinaiy  temperatures, 
the  mixture  lique^rmg  at  first,  but  becoming  perfectly  herd  in  a  few  seconds.  The 
product  dissolyes  with  effervescence  in  carbonate  of  sodium,  the  anhydride  being  oon- 
Teited  into  acetate  and  salicyUte  of  sodium*    (Gerhardt^  l^t^,  vL  319.) 

AXSWemo  BTSSBS.  These  compounds  are  the  acetates  of  the  aloohol-radidei^ 
and  may  be  divided  into  the  following  groups : 

!•  BKonatcimla  Aeetie  BUienu 

AdTJLTB  OP  Axxix,  G'HH>.C*H*.--IVepared  by  treating  acetate  of  silver  with  iodide 
of  ally],  and  recti^ng  once  or  twice  over  acetate  of  silver.  It  is  a  colourless  liquid, 
lighter  than  water,  having  a  pungent,  aromatic  odour,  and  boiling  between  98^  and 
100^.  Boiling  potash  de^mposes  it  into  acetate  of  potassium  and  allyl-aloohoL 
(Cahours  andHofmann,  Ghem.  Soc  Qu.  J.  z.  322.) 

AarrATB  of  Amtx^  or  Aobtatb  of  Pbmttl,  CHH)'.G*H". — This  compound  ia 
Bk>wly  produced  when  amylic  alcohol  is  left  in  contact  with  acetic  add,  and  mi^  bo 
onnveniently  prepared  bv  distilling  2  pts.  of  aeetate  of  potasnum,  or  8  pts.  of  de- 
hydrated acetate  of  leao,  with  1  pt.  of  8tron|f  sulphuric  add,  and  1  pt.  of  amylic 
alcohol,  agitating  the  distillate  wita  milk  of  lime,  then  dehydrating  over  diloride  of 
enldum,  and  rectifying.  It  is  a  transparent,  colourless  liquid,  of  sp.  gr.  0*8572  at  21^, 
and  boiling  at  133'3°,  under  a  pressure  of  27"  8'",  with  a  platinum  wire  immersed  in 
it  Vapour-density  4*468.  Odour  ethereal  and  aromatic,  like  that  of  acetate  of 
ethyL  It  is  insoluble  in  water,  but  dissolves  in  aleohoi^  etker,  and  fiteet  oU,  It  is 
decomposed  very  slowly  by  aqueous  potash,  but  quickly  by  aiooholie  potash,  yielding 
amylic  alcohol  and  acetate  of  potasnum.  Chlorine  passed  through  it  at  100^,  converts 
it  into  di^Uorinated  acetate  ofamyl,  C^H^CIK)',  sad  this,  by  the  action  of  dilorine  ia 
Bunshineb  is  converted  into  a  higher  chlorine-oompoond. 

Acetatb  of  Bb!«tl,(?HH)".C»H*.— Produced  by  treating  2  vol.  ben^I-alcohol  with 
a  mixture  of  1  voL  sulphuric  add  and  4  or  5  vol.  acetic  add,  or  by  boiUng  chloride  of 
benzyl  with  alcoholic  acetate  of  potasdum.  Colourleits  oil,  heavier  than  water,  and 
having  a  very  agreeable  odour,  like  that  of  pears.  Boils  at  210^  C.  Boiled  with 
potash-ley,  it  yields  acetate  of  potassium  and  benzylic  alcohoL  (Cannizsaro,  Ann. 
Ch.  Pharm.  IzxzviiL  130.) 

ACBTATK  or  Ethtl.  Acetic  ether,  Ethylie  Acetate,  Esstgather,  Estignapktha,  A- 
9i09aurea  Mthytcxyd,  Ether  aciiique.  C*H«0*  =  O'H'O'.CH*  or  C*H«0«.C^ff«0» 
(Lauragais,  Joum.  d.  Sfavans,  1759,  324;  Th^nard,  H^m.  d'Arcueil,  i  153; 
Dumas  and  Boullay,  J.  Pharm.  xiv.  113 ;  Liebig,  Ann.  Ch.  Pharm.  v.  34;  -^r^ 
144 ;  Gm.  viiL  493 ;  Gerh.  i.  743). — ^Discovered  by  Lauragais  in  1759.  It  is  formed 
by  heating  alcohol  with  acetic  add,  or  with  an  acetate  and  strong  sulphuric  add, 
or  by  distuling  ethyl-sulphate  of  caldum  or  potassium  with  glacial  acetic  add.  The 
best  mode  of  preparing  it  is  to  distil  a  mixture  of  8  pts.  of  acetate  of  potasdum^ 
3  pts.  of  absolute  alcohol,  and  2  pts.  of  sulphuric  acid ;  or  10  pts.  of  acetate  of  sodium, 
6  pts.  of  alcohol,  and  15  pts.  of  sulphuric  add ;  or  16  pts.  of  dry  acetate  of  lead, 
44  pts.  of  idcohol,  and  6  pts.  of  sulphuric  add.  The  acid  is  first  mixed  with  the 
alcohol,  and  the  liquid  poured  upon  the  salt  reduced  to  fine  powder.  The  mixture  is 
then  distilled  to  diryness,  the  heat  bdng  moderate  at  first,  but  increased  towards  the 
end  of  the  process.  The  product  is  purified  by  digesting  it  with  chloride  of  caldna 
and  rectifying  the  decanted  liquid. 
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Aoetate  of  ethyl  is  a  enlonrlesB  liquid,  haying  a  pleasant  ethereal  odonr.  8p.  gr. 
0*91046  at  0°(Kopp);  0-938  at  20°  (adsamann).  ISoila  at  74°'3,  when  the  barometer 
atapda  at  760  mm.  (Kopp).  Vapour-density  3*06  (Bottllay  and  Bnmae).  It  dis- 
■olyes  in  1 1  or  12  pts.  of  water,  at  oxdinaiy  temperatures  (M  o  h,r,  Arch.  Pharm.{^2]  bcr.  1 ), 
in  all  proportions  of  alcohol  and  ether.  It  btirns  with  a  yellowish  flame,  ginng  off  the 
odour  of  acetic  acid,  and  leaving  that  acid  in  the  liquid  state.  It  is  permanent  when 
dry,  but  in  the  moist  state  gradually  decomposes  into  alcohol  and  acetic  add.  The  same 
decomposition  takes  place  more  quicldy  under  the  influence  of  alkalis.  Heated  with 
strong  sulphuric  acio,  it  is  lesoiyed  into  oxide  of  ethyl  and  acetic  add.  Hydro- 
chloric aad  conyerts  it  into  acetic  add  and  chloride  of  euiyL 

Action  of  Chlorine  on  AeetaU  of  Ethyl  (Malaguti,  Ann.  Ch.  Fhys.  [2]  sx. 
867;  ibid.  [3]  xyL  2,  68;  Leblanc,  ibid.  [31  197;  Cloez.  ibid.  [3J  xvii.  304.,— 
When  acetate  of  ethyl  is  introduced  into  a  bottle  filled  with  dry  chlonne  gas,  in  the 
proportion  of  1  atom  acetate  of  ethyl  to  8  atoms  chlorine,  and  the  action  allowed  to 
go  on,  first  in  the  shade  and  afterwards  with  continually  greater  exposure  to  sunshine, 
a  number  of  chlorinated  compounds  are  formed  in  which  2,  3,  4,  6,  6,  7»  and  8  atoms 
of  hydrogen  in  the  acetate  of  ethyl  are  successiyely  replaced  hy  an  equal  number  of 
ehlorine-atoms.  It  is  however  not  always  possible  to  obtain  the  particular  compound 
required,  the  compounds  C«H«aK)*  C^HGTO',  and  C«a*0*,  being  the  only  ones  that 
can  be  produced  with  certainty.  Other  products  are  also  ibrmed,  among  whidi  are 
aoetio  add,  trichloraoetic  add,  and  sesquichloride  of  carbon.  If  the  acetate  of 
ethyl  is  at  once  exposed  to  sunshine  in  contact  with  chlorine,  an  explodon  takes  place, 
attended  with  deposition  of  charooaL 

ZHehlonnated  AoetaU  of  Ethyl,  C«H^*0*,  is  the  {noduct  obtained  when  the  acetate 
of  ethyl  is  kept  cool  and  in  the  shade  during  the  action  of  the  chlorine.  On  distilling 
the  product  to  separate  the  more  volatile  portions,  till  the  boiling  point  rises  to  110^ 
washing  the  brownish  residue  with  water,  and  drying  it  over  lime  and  sulphuric  add, 
the  compound  is  obtained  as  a  transparent  colourless  oil,  of  sp.  gr.  1*301  at  12^.  It 
smells  somewhat  like  acetic  add,  has  a  peppery  taste,  and  produces  irritation  in  the 
throat.  It  is  slowly  decomposed  by  water,  yielding  hydrochloric  and  acetic  acids. 
C*H«C1*0«+  2HK)  «  2C*HH)*+  2HC1;  slowly  also  by  aqueous  potash,  but  quickly  by 
alcoholic  potash,  yielding  acetate  and  chloride  of  potassium.  (MalagutL) 
,  TriehlonnaUd  Aoetate  of  Ethyl,  C*BH3*0\  was  obtained  by  exposing  the  di- 
chlorinated  compound  for  some  time  to  the  action  of  chlorine  in  a  bottle,  oov^ed  at  the 
upper  port,  with  black  paper,  so  that  the  light  fell  only  on  the  lower  part  of  the  liquid. 
It  resembles  the  preceding  compound,  but  cannot  be  distilled  without  alteration.  It 
is  isomeric  with  trichloraoetate  of  ethyl,  0'C1H)'.C*H*.  See  Tbioblobacitio  Aom. 
(Leblanc) 

Tetraehlorinated  Acetate  of  Ethyl,  C^H«a^O\  was  obtained  bv  exposing  the  di- 
ddorinated  compound  to  the  sun  in  autumn,  in  bottles  filled  with  ory  cnlorine.  After 
rectification,  washing,  and  drying,  it  forms  an  oil  of  sp.  sr.  1*465  at  26°.  It  is  de* 
composed  by  potas^  yielding  chloride,  acetete,  and  tnchloracetate  of  potassium 
(Leblanc).  The  five-chlorine  commmnd,  OH^CIH)',  was  obtained  in  the  same 
manner  as  the  preceding,  excepting  that  the  gas  above  the  liquid  wss  protected  from 
the  action  of  the  solar  rays ;  tne  nx^hlorine  eoTnoottnd  C*BHjIH?,  by  exposing  the 
last  compound  to  the  sun  for  two  days,  in  a  bottle  filled  with  dry  chlorine.  Sp.  gr. 
1*698  at  23*6.  The  seven-chlorine  compound,  C^HCl'C,  was  produced  by  exposing  &e 
dichlorinated  compound  in  bottles  filled  with  dry  chlorine,  to  the  sun  for  some  months 
in  winter.  It  forms  rather  soft  crystals,  insoluble  in  water,  sparingly  soluble  in  cold 
alcohol  of  ordinary  streiigth,  very  soluble  in  ether.  They  melt  )*elow  100°,  but  do  not 
appear  to  be  volatile  without  decomposition.  An  oily  liquid  isomeric  with  this  com- 
pound, and  having  a  sp.  gr.  of  1*692  at  24*6°,  is  obtamed  by  expoeinff  tric^loraceteto 
ef  ethyl  to  chlorine  in  the  shade,  as  long  as  any  action  goes  on.    (Leblanc) 

Ferohlertnated  Acetate  of  Ethyl,  0^01*0*,  is  prepared  by  exposing  di-  or  tri-chlori« 
nated  acetate  of  ethyl  to  Uie  brightest  summer  sunshine,  and  at  the  same  time  heating 
it  to  110^ ;  even  then  the  substitution  takes  place  very  slowly  (Leblanc).  The  pro- 
duct is  distilled  in  an  atmosphere  of  carbonic  add,  to  remove  free  chlorine.  It  is  a 
colourless  oil,  which  remains  liquid  at  a  few  degrees  below  0°,  and  has  a  strong  pungent 
odour  like  that  of  chloraL  Sp.  gr.  1*79  at  26^  Boils,  with  partial  decomposition,  at 
246°  (Leblanc).  When  its  vapour  is  passed  through  a  tube  filled  with  fragments  of 
g^ass,  and  heated  to  400°,  it  is  partly  converted  into  the  isomeric  compound  chlor- 
aldehyde,  C*C1*0  (Malaguti).  In  contact  with  water  or  moist  air,  it  is  gradually 
decomposed,  yielding  tricmoracetic  and  hydrochloric  acids.  A  similar  deoompoeitioo 
is  instantly  i^oduced  by  strong  aqueous  potash  (Leblanc) : 

C*C1«0«  +  2H»0  «  2CHa»0«  +  2HCL 
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AmmoauMf  eitlier  ^tseoua  or  diBsolred  in  wat«r,  sets  strongly  on  the  oompound,  pio- 
ducing  Ml<4mmoniAC  and  triehlomcetamide  (Malagati) : 

C*a"0«  +  2NH»  «i  2Ha  +  2C«HK!1«N0 
With  abaolnte  alcohol,  the  oompound  becomes  strongly  heated,  and  is  completely  eon- 
retted  into  hydrochloric  add  and  trichloracetate  of  ethyl  (Malagnti) : 

C^H)«  +  2C*H«0  -  2HC1  +  2C*HH}1»0*. 

When  esqxMed  for  a  long  time  to  the  action  of  chlorine,  it  yields  crystals  of  sesqni- 
chloride  (n  carbon.    (Leblanc) 

Perchloraoetic  ether  may  be  regarded  as  a  iriehioraeetiUe  of  pentacklareikylt 
0*01*0*.  0*01* ;  and  in  like  manner,  all  the  preceding  compounds  which  contain  more  tfcian 
8  atoms  of  chlorinei  may  be  viewed  as  trichloraoetates  of  e^l*radicles,  in  vhidi  the  H 
is  more  or  less  replaced  by  01:  «.y.  pentachloracetic  ether,  C«H*01*0*  -  0*01»0*.0'H*C1*. 
Borne  of  them  appear  however  to  be  susceptible  of  isomeric  modifications. 

AcnATB  or  Mbthtl,  0*HH)*  «  0*H*0*.  OH*.  MeihyUo  Acetate,  Emaeaurer 
JBoUiUker.  (Dumas  and  P^ligot  (IS36),  Ann.  G9i.  Fhys.  lTiii46.— Weidmann 
and  Sohweiser,  Pogg.  xliii.  693. — H.  Kopp,  Ann.  Oh.  fharm.  It.  181. — Gm.  viiL 
484;  Gerh.  L  741.)>-^his  compound  occurs  m  crude  wood-vinegar  (Weidmann  and 
fich  weiser).  The  liquid  called^^^Aar  lignoeue  or  Spiritue  pyroaceHeue  appears  to  be 
impure  acetate  of  methyl. 

Preparation, — 1.  Two  pts.  of  wood-spirit  are  distilled  with  1  pt  of  glacial  acetic 
acid  and  1  pt.  sulphuric  add;  the  distillate  is  shaken  up  with  chloride  of  caldum, 
the  acetate  of  methyl  then  rising  to  the  top ;  and  this  product  is  freed  from  sul- 
phurous add  by  agitation  with  quicklime,  ana  from  wood-spirit  fay  24  boon'  contact 
with  chloride  of  cudom,  which  takes  up  the  latter  substance  (Dumas  and  Peligot). 
— 2.  When  1  part  of  wood-spirit  is  distilled  with  1  pt  acetate  of  potassium  and 
2  pts.  of  sdphurio  add,  acetate  of  methyl  passes  over  first,  then  sulphurous  add,  acetic 
add,  methyUe  oxide,  and  a  small  quantity  of  methylic  sulphate.    The  first  receiver 
must  therefiore  be  removed  as  soon  as  sulphurous  add  begins  to  escape ;  its  contents 
shaken  up  with  water ;  and  the  separated  ether  rectified  over  chloride  of  caldum  and 
quicklime  (Weidmann  and  Schweiser). — 8.  A  mixture  of  3  pts.  wood-spirit,  14^ 
pts.  dehydrated  acetate  of  lead,  and  6  pts.  sulphuric  add  is  distilled ;  the  distillate 
IS  shaken  up  with  milk  of  lime ;  and  the  stratum  of  methvlic  acetate  which  rises  to  the 
surfiice  is  dehydrated  by  repeated  treatment  with  chlorioe  of  caldum,  then  decanted 
from  the  lower  liquid,  and  rectified.    (H.  Kopp.) 

Acetate  of  mewyl  is  a  colourless  Uquid,  having  a  very  agreeable  odour,  like  that 
of  acetate  of  ethyl,  sp.  gr.  90085  at  21"^;  0-9662  at  0^^  (&opp).  Boiling  point,  66-3<> 
under  a  pressure  of  760  mm.  (Kopp,  Pogg.  Ann.  Izii.  1);  66°  under  a  pressure  of 
762  mm.  (Andrews,  Ohem.8oc.  (&.  J.  i.  27).  Vapour-dendty  2-663  (Dumas  and 
Plligot),  by  calculation  2*664.  Index  of  refraction  1*3676.  (Delffs,  Pogg.  Ann. 
Izxxi  470.) 

Acetate  «f  methyl  dissolves  in  water,  and  mixes  in  all  proportions  with  alcohol  and 
ether.  The  aqueous  solution  sufi!^  but  little  decompodtion  by  boiling.  Solutions  of 
caustic  alkalis  convert  the  compound  into  wood-nirit  and  an  alkaline  acetate.  When 
poured  on  pulverised  sod^-lime^  it  is  decomposed  with  violence,  yielding  a  mixture  of 
acetate  and  formate  of  sodium,  and  giving  off  hydrogen.  In  contact  with  strong  sul- 
phuric add,  it  becomes  heated,  gives  off  acetic  add,  and  forms  methylsulphuric  add. 
With  chlorine  it  forms  a  number  of  substitution-products. 

JHchhrinated  Acetate  of  Methyl,  O'H^OPO*,  is  formed  by  passing  dry  chlorine  gas 
through  acetate  of  methyl,  assistmg  the  action  by  a  ^ntle  heat  towards  the  end.  It 
is  purified  like  the  corresponding  ethyl-compound.  It  is  a  colourless  neutral  liquid, 
having  a  pungent  odour;  its  taste  is  sweet  at  firsts  but  afterwards  alliaceous  and  burning. 
8p.  gr.  1*26.  Boils  between  146^  and  148°,  but  begins  to  decompose  and  give  off 
fiunes  at  138°.  It  bums  with  a  yellow  fiame,  edged  with  green  at  the  bottom.  It  is 
decomposed  slowly  b^  water,  quickly  by  aqueous  potash,  and  violently  by  alcoholic 
potash,  yielding  formic,  acetic,  and  hydrochloric  adds : 

0»HHn*0»  +  2^0  -  CH*0«  4-  0«H<0*  +  2H0L 

This  compound  is  isomeric  if  not  identical  with  dichlorinated  formate  of  ethyL 
(Malaguti,  Ann.  Oh.  Phys.  [2]  Ixx.  379.) 

TVicklorinated  Acetate  of  Methyl,  0'H*01*0*,  is  obtained  by  passing  chlorine  very 
slowly  into  acetate  of  methyl,  as  lonff  as  any  decompodtion  takes  place,  and  purifying 
the  product  hj  repeated  fractional  distillation.  It  is  a  colouriess  oily  liquid,  heavier 
than  water,  boitinff  at  146°,  and  distilling  without  decompodtion.  It  is  decomposed  by 
eaastie  potash,  yidding  diloride  and  formate  of  potassium,  and  ekloromethykuet  OHOl : 

C»H*a*0»  +  2K*0  -  2K01  +  20HK0*  +  OHOL 
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Acetate  of  etibyl  10  a  enlonrlefls  liquid,  haTing  a  pleasant  ethereal  odour.  Bp»  gr. 
0^1046  at  0^  (Kopp);  0*932  at  20^  (aossmann).  Boila  at  74^*3,  when  the  barometer 
stands  at  760  mm.  (Kopp).  Vapour-density  3*06  (Boullayand  Dnmas).  It  dis- 
solves in  1 1  or  12  pts.  of  water,  at  orainary  temperatores  (M  0  h,r,  Arch.  Phann«][2]  Ixr.  l\ 
in  all  proportions  of  alcohol  and  ether.  It  biuns  with  a  yellowish  flame,  giying  off  the 
odour  of  acetic  acid,  and  leaving  that  acid  in  the  liquid  state.  It  is  permanent  when 
diy,  bat  in  the  moist  state  gradoally  decomposes  into  alcohol  and  acetic  add.  The  same 
decomposition  takes  place  more  onickl^  under  the  influence  of  alkalis.  Heated  with 
stronff  sulphuric  acid,  it  is  resolved  into  oxide  of  ethyl  and  acetic  add.  Hydro* 
ehlonc  aad  converts  it  into  acetic  add  and  chloride  of  e&vL 

AcHan  of  Chlorine  on  Acetate  of  Ethyl,     (Malagnti,  Ann.  Ch.  Phys.  [2] 


367;  ibid.  [3]  xvi  2,  68;  Leblane,  ibid.  [31  197;  Gloez,  ibid.  [3J  xvii.~3d4.,— 
When  acetate  of  ethyl  is  introduced  into  a  bottle  filled  with  dry  chlorine  gas,  in  the 
proportion  of  1  atom  acetate  of  ethyl  to  8  atoms  chlorine,  and  the  addon  allowed  to 
go  on,  first  in  the  shade  and  afterwards  with  continually  greater  expoeure  to  sunshine, 
a  number  of  chlorinated  compounds  are  formed  in  which  2,  8,  4,  6,  6,  7,  and  8  atomfc 
of  hydrogen  in  the  acetate  of  ethyl  are  successively  replaced  l^  an  eqiud  number  of 
chlorine-atoms.  It  is  however  not  alwm  possible  to  obtain  the  particular  compound 
required,  the  compounds  C«HH}1*0*  G«HCrO\  and  OaH}\  being  the  only  ones  that 
can  be  produced  with  certainty.  Other  products  are  also  ibrmed,  among  which  are 
acetie  add,  trichloracetic  add,  and  sesquichloride  ot  carbon.  If  the  acetate  of 
ethyl  is  at  once  ezpoeed  to  stmshine  in  contact  with  chlorine,  an  explonon  takes  place, 
attended  with  d^nsition  of  charooaL 

Diehlorinated  Aeetate  of  Ethyl,  C^H^K)*,  is  the  |m>duct  obtained  when  the  acetate 
of  ethyl  is  kept  cool  and  in  the  shade  during  the  action  of  the  chlorine.  On  distilling 
the  product  to  separate  the  more  volatile  portions,  till  the  boiling  point  rises  to  110^, 
washing  the  brownish  residue  with  water,  and  drying  it  over  lime  and  sulphuric  add, 
the  compound  is  obtained  as  a  transparent  colourless  oil,  of  sp.  gr.  1*301  at  12^.  It 
smells  somewhat  like  acetic  add,  has  a  peppery  taste,  and  produces  irritation  in  the 
throat.  It  is  slowly  decomposed  hj  water,  yielding  hydrochloric  and  acetic  adds. 
0«H«C1K)«+  2H«0  «  2C*H*0«+  2HCI;  slowly  ahra  by  aqueous  potash,  but  quickly  by 
alcoholic  potash,  yielding  acetate  and  chloride  of  potassium.  (HalagutL) 
,  Tnehlorinated  Acetate  of  Ethyl,  G«H*C1*0*,  was  obtained  by  exposing  the  di- 
ehlorinated compound  for  sometime  to  the  action  of  chlorine  in  a  bottle,  covered  at  the 
upper  part  with  black  paper,  so  that  the  light  fell  only  on  the  lower  part  of  the  liquid. 
It  resembles  the  preceding  compound,  but  cannot  be  distilled  without  alteration.  It 
is  isomeric  with  trichloracetate  of  ethyl,  CK)1H)'.C*H*.  Bee  Tbicbloracitio  Acid. 
(Leblane.) 

Tetraehlorinated  Acetate  of  Ethyl,  C^H^a^O*,  was  obtained  bv  exposing  the  di- 
ehlorinated compound  to  the  sun  in  autumn,  in  bottles  filled  with  diy  cnlorine.  After 
rectification,  washing,  and  dryinff,  it  forms  an  oil  of  sp.  gr.  1*486  at  26^.  It  is  de- 
composed by  potash,  yielding  diloride,  acetate,  and  tnchloracetate  of  potassium 
(Leolanc).  The  jftw-cA/orins  conmound,  O^H'CIK)*,  was  obtained  in  the  same 
manner  as  the  preceding,  excepting  that  the  gas  above  the  liquid  was  protected  from 
the  action  of  the  solar  rays ;  the  eix^hlorine  compound  C^HH>1*C*,  by  exposing  the 
last  compound  to  the  sun  for  two  days,  in  a  bottle  filled  with  dxy  cUorine.  Sp.  gr. 
1*698  at  23*6.  The  seven^hlorine  compound,  C^HOl^C,  was  produced  by  exposing  the 
diehlorinated  compound  in  bottles  fillea  with  dry  chlorine,  to  the  sun  for  some  months 
in  winter.  It  forms  rather  soft  crystals,  insoluble  in  water,  sparingly  soluble  in  cold 
alcohol  of  ordinary  streiigth,  very  soluble  in  ether.  They  melt  InbIow  100°,  but  do  not 
appear  to  be  volatile  witiiout  decomposition.  An  oilv  Uquid  isomeric  irith.  this  com- 
pound, and  having  a  sp.  gr.  of  1*692  at  24*6°,  is  obtained  by  exposing  trichloracetate 
ef  ethyl  to  chlorine  in  the  shade,  as  long  as  any  action  goes  on.    (Leblane) 

Perehlorfnated  Acetate  of  Ethyl,  C*Ol*0*,  is  prepared  by  exposing  di-  or  tri-chlori- 
nated  acetate  of  ethyl  to  the  brightest  summer  sunshine,  and  at  the  same  time  heating 
it  to  110°;  even  then  the  substitution  takes  place  very  slowly  (Leblane).  The  pro- 
duct is  distilled  in  an  atmosphere  of  carbonic  add,  to  remove  free  chlorine.  It  is  a 
colourless  oil,  which  remains  liquid  at  a  few  degrees  below  0°,  and  has  a  strong  pungent 
odour  like  that  of  chloral  Sp.  gr.  1*79  at  26°.  Boils,  with  partial  decomposition,  at 
246°  (Leblane).  When  its  vapour  is  passed  through  a  tube  filled  with  fragments  of 
glass,  and  heat^  to  400°,  it  is  partly  converted  into  the  isomeric  compound  chlor- 
aldehyde,  CK!1*0  (Malaguti).  In  contact  with  water  or  moist  air,  it  is  gradually 
decomposed,  yielding  trichloracetic  and  hydrochloric  adds.  A  similar  decompoeitioo 
is  instantly  produced  by  strong  aqueous  potash  (Leblane) : 

C*C1H)«  +  2H»0  =  2CHC1W  +  2HCL 
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AinnMmt^  eitlier  ^aseoDB  or  diasolyed  in  water,  acts  strongly  on  the  oompound,  pro- 
dncing  aal-anunoniac  and  trichlonicetainida  (Malaguti) : 

CW1«0»  +  2NH»  -  2Ha  +  2C»H«C1>N0 
With  absolute  alcohol,  the  compound  becomes  strongly  heated,  and  is  completely  fion- 
Teited  into  hydrochloric  add  and  trichloracetate  of  ethyl  (Malaguti) : 

OC1»0«  +  2C«H«0  -  2Ha  +  2C<HH3»0«. 

When  esqxMed  for  a  long  time  to  the  action  of  chlorine,  it  yields  oystals  of  sesqui- 
chloride  ca  carbon.    (Leblanc) 

Perehloracetie  ether  may  be  regarded  as  a  triekioraeetate  of  pentachloreihyl^ 
CH}1H)'.  (?C\* ;  and  in  like  manner,  all  the  preceding  compounds  which  contain  more  than 
8  atoms  of  chlorine»  may  be  viewed  as  trichloraoetates  of  e^l-radides,  in  which  the  H 
is  more  or  less  replaced  by  d:  e.^.pentachloracetic  ether,  C*H*C1H)*  «  CK}1H)*.C*HH:;1*. 
Borne  of  them  appear  howerer  to  be  susceptible  of  isomeric  modifications. 

AoRATB  OF  HiTHii,  C^*0'  a  CHH)*.  CH*.  MUhflio  Acetate,  Easiatavrer 
HoUdtAer,  (pumas  and  P^ligot  (1836),  Ann.  Oh.  Fhyt.  lyiiL4«.— Weidmann 
and  Sehweiaer,  Poffi-  xliii.  693. — H.  Kopp,  Ann.  Ch.  fhann.  It.  181. — Gm.  yiiL 
484;  Gerh.  L  741.)-prhis  compound  occurs  m  crude  wood-Tinegar  (Weidmann  and 
Bchweis  er).  The  liquid  called ^<6her  lignow  or  Bpiritua  pyroaoetieus  appears  to  be 
impure  acetate  of  methyl. 

mparoiion. — 1.  Two  pts.  of  wood-spirit  are  distilled  wi^  1  pt  of  gUdal  acetic 
acid  and  1  pt.  sulphuric  acid;  the  distillate  is  shaken  up  with  chloride  of  caldum, 
the  acetate  of  methyl  then  rising^  to  the  top;  and  this  product  is  freed  from  sul- 
phurous add  by  agitation  with  quicklime,  ana  from  wood- spirit  by  84  hovs^  contact 
with  chloride  of  cudum,  which  takes  up  the  latter  substance  (Dumas  and  Peligot). 
— ^2.  When  1  part  of  wood-spirit  is  distilled  with  1  pt  acetate  of  potassium  and 
3  pts.  of  sulphuric  add,  aoetate  of  methyl  passes  over  flrsti,  then  sulphurous  add,  acetic 
add,  methyUe  oxide,  and  a  small  quantity  of  methylic  sulphate.    The  first  recdver 
must  therefore  be  removed  as  soon  as  sulphurous  add  begins  to  escape ;  its  contents 
shaken  i^  with  water;  and  the  separatea  ether  rectified  orer  chloride  of  caldum  and 
quicklime  (Weidmann  and  Schweizer). — 3.  A  mixture  of  3  pts.  wood-spirit,  14^ 
pts.  dehydrated  acetate  of  lead,  and  6  pts.  sulphuric  add  is  distilled;  the  distillate 
IS  shaken  up  with  milk  of  lime ;  and  the  stratum  of  methylic  acetate  which  rises  to  the 
surfiioe  ia  dehydrated  by  repeated  treatment  with  chloriae  of  caldum,  then  decanted 
from  the  lower  liquid,  and  rectified.    (H.  Kopp.) 

Acetate  of  meuiyl  is  a  colourless  liquid,  having  a  very  agreeable  odour,  like  that 
of  acetate  of  ethyl,  ep.  gr.  9*0086  at  21^^;  0*9662  at  0^  (Kopp).  Boiling  point,  66*3^ 
under  a  pressure  of  760  mm.  (Kopp,  Pogg.  Ann.  Ixii  1);  66^  under  a  pressure  of 
762  mm.  (Andrews,  Chem.  Soc.  Qn.  J.  L  27).  Vapour-dendty  2-663  (Dumas  and 
Peligot),  by  calculation  2*664.  Index  of  refraction  1*3676.  (Delffs,  Pogg.  Ann. 
Ixzxi.  470.) 

Acetate 'Of  methyl  dissolves  in  water,  and  mixes  in  all  proportions  with  alcohol  and 
ether.  The  aqueous  solution  sufito  but  little  decompodtion  by  boiling.  Solutions  of 
caustic  alkalis  convert  the  compound  into  wood-spirit  and  an  alkaline  acetate.  When 
poured  on  pulverised  soda-lime^  it  is  decomposed  with  violence,  yielding  a  mixture  of 
acetate  and  foimate  of  sodium,  and  giving  off  hydrogen.  In  contact  with  strong  sul- 
phuric add,  it  becomes  heated,  gives  off  acetic  add,  and  fonns  methylsulphuric  add. 
With  chlorine  it  forms  a  number  of  substitution-products. 

JHckhrinaUd  Acetate  of  Hfetkyl,  C^*C1K)',  is  formed  by  passing  diy  chlorine  gas 
through  acetate  of  methyl,  asdstmg  the  action  by  a  gentle  heat  towards  the  end.  It 
is  punfied  like  the  corresponding  ethyl-compound.  It  is  a  colourless  neutral  liquid, 
having  a  pungent  odour;  its  taste  is  sweet  at  fiist,  but  afterwards  alliaceous  and  burning. 
Sp.  gr.  1*26.  Boils  between  146^  and  148^,  but  begins  to  decompose  and  give  off 
fumes  at  138^.  It  bums  with  a  yellow  flame,  edged  with  green  at  the  bottom.  It  is 
decomposed  slowly  br  water,  qmddy  by  aqueous  potash,  and  violently  by  alcoholic 
potash,  yielding  formic,  acetic,  and  hydrochloric  acios : 

CTI*C1H>»  +  2^0  -  CHK)*  4.  C»H«0»  +  2HCL 

This  compound  is  isomeric  if  not  identical  with  didilorinated  formate  of  ethyL 
(Malaguti,  Ann.  Ch.  Phys.  [2]  Ixx.  379.) 

l^iMmnated  Acetate  of  Methyl,  CH'CIH)',  is  obtained  by  passing  dilorine  very 
slowly  into  acetate  of  methyl,  as  lon^  as  any  decompodtion  takes  place,  and  purifying 
the  product  by  repeated  fractionid  distillation.  It  is  a  colouriess  oOy  liquid,  heavier 
than  water,  boiling  at  146^,  and  distilling  without  decompodtion.  It  is  decomposed  by 
eanstic  potash,  yidding  diloride  and  formate  of  potassiuin,  and  cklorametkykuet  CHCl : 

Cra«a«0»  +  2K«0  -  2KC1  +  2CHK0»  +  CHCL 
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It  19  iflomerio  bat  not  identical  with  trichloraeetate  of  methyl,  CPCl'O*.  CH*,  praAoflsd 
bj  distilling  wood-spirit  with  triehloraoetic  add  and  a  small  quantity  of  solphnrie 
acid.    (Laurent,  Ann.  Ch.  Phjs.  [21  IxxiiL  25.) 

Pereklarinated  JoetaU  of  Methyl,  (m*0*.  (Cloes,  Ann.  Ch.  Phm  [8]  zrii  297, 
d  11.)— This  compoond,  which  appears  to  be  identical  with  perchJorinated  fonnate 
of  ethyl,  is  proanced  by  exposing  acetate  of  methyl  to  the  action  of  chlorine  in 
sonshine,  as  long  as  the  gas  continues  to  be  absorbed.  It  is  a  colourless  liquid,  haTiog 
a  suffocating  odour  and  a  disagreeable  taste,  which  soon  becomes  intolenb^  acid,  from 
decomposition.  Sp.  gr.  1*706  at  18^.  Boik  at  about  200^,  with  partial  decomposition. 
It  Is  quickly  decompMed  by  water  and  by  moist  air,  yielding  hydrochloric,  cazbonic,  and 
teichloraoetie  acids : 

OK)1«0«  +  2HK)  -  SHa  +  CO*  +  C^C1«0«. 

Similarly  by  the  fixed  alkalis  in  solution.  With  aqueous  ammonia,  it  fbnns  tri- 
chloracetamide,  together  with  chloride  and  carbonate  of  anmionium : 

CKJIW  +  6NH»  +  2HK)  -  N.iP.CK31«0  +  8NHH31  +  CO*  (NH  V 

With  alcohol  it  forms  hydrochloric  acid,  trichloracetate  of  ethyl,  and  monochlori- 
nated  foimate  of  ethyl : 

OKa«0«  4-  2C»H»0  =  2HC1  +  C«C1»0*.C*H»  +  CCIO'.OH*. 

Kmilarly  with  wood-spirit  it  yields  trichloracetate  of  methyl,  and  monoehlorinated 
formate  of  methyL 

The  Tapour  passed  through  a  red-hot  porcelain  tube  is  decomposed  into  chloraldehyda 
and  chlozo-carbonie  oxide  (phosgene)  gas: 

C^«0«  =  C»a*0  +  COOT. 

AcRATB  OF  OcTTL,  CHK)*.  CH".  —  Prepared  by  passing  hydrochloric  acid  ms 
through  a  mixture  of  acetic  acid  and  octyhe  (caprylic)  alccmol ;  or,  better  by  £s- 
tUling  a  mixture  of  ocfylic  alcohol,  acetate  of  sodium,  and  sulphuric  acid.  It  is  a 
liquid  of  Terr  agreeable  odour,  insoluble  in  water,  bmling  at  190^.  (Bonis,  Compt  rend. 
■""  9370 


AcBTATB  OF  Phbktl,  C3*H*0*.C"H*. — ^Produced  by  the  action  of  phosphate  of  phenyl 
on  acetate  of  potassium :  also  by  boiling  an  alcoholic  solution  of  phosphate  of  phenyl 
with  acetate  of  potassium.  After  aU  the  alcohol  has  evaporated,  the  temperatare  of  the 
mixture  rises  r^idly,  and  acetate  of  phenyl  distils  over  in  the  form  of  an  oily  li<|uid. 
It  is  heavier  tlum  water,  and  slightly  soluble  in  that  liquid.  Boils  at  190^.  Boiling 
potash  decomposes  it,  yieldiog  acetate  of  potassium  and  hydrate  of  phenyL  (Scrugham, 
t^iem.  Soa  Qu.  J.  vii  241.) 

AcBTATB  OF  Tbtbtx,  Or  AcsTATB  OF  BuTTL,  CEPO*.  C^H*. — Obtained  by  heating 
iodide  of  tetryl  with  a  slight  excess  of  veiy  diy  acetate  of  silver  in  a  sealed  flask 
at  100^: — also  by  distillins  in  an  oil-bath  eqmvalent  quantities  of  acetate  of  po- 
tassium (recently  fhsed)  ana  tetiyl-Bulphate  of  potassium : 

CH>0«.K  +  80*.K.C*H»  -  CHW.CH*  -H  SO«.K« 
AcBTATB  OF  Tmttl,  or  AcBTATB  OF  pROPVL,  C"H'0'.C*H*. — ^Obtained  by  distilling 

propylic  alcohol  with  a  mixture  of  acetic  and  sulphuric  acid.    Resembles  acetate  it 

ethyl    Boils  at  90O.    (Berthelot) 

It  is  a  colourless  liquid  of  agreeable  odour.    Sp.  gr.  0*8845  at  16^  C.    Boils  at 

114^.     Vapour-density  4*078  (^culation,  4*017).    &iling  potash  converts  it  into 

acetate  of  potassium  and  tetrylic  alcohoL 

a*  Biatomio  Aeetle  Btliera*  {OlvcoUo  £3tA«r«.)— These  compounds  are  derived 
from  the  diatomic  alcohols  or  glycols  by  the  substitution  of  1  or  2  at  acetyl  (CH'O  •■  Ac), 
for  1  or  2  at  h^droeen.  ,They  are  related  to  the  glycols  in  the  same  manner  as  the 
monatomic  acetic  ethers  just  described  are  related  to  the  monatomic  alcohols.  The 
following  have  been  obtained :  — 


Monoacetate  of  Ethylene    ^^h'[o« 
Diacetate  of  Ethylene  ^^^'  \  0" 

Piaoetate  of  Propylene  ^^^^^'  \  0' 


Diacetate  of  Butylene  ^^a^^'|  0* 
Diacetate  of  Amylene  ^^^2"  1  ^* 
DiaceUte  of  Benzylene      ^^^^^"|  0« 


The  diacetates  are  produced  by  the  action  of  acetate  of  silver  on  the  chloridei^ 
bromides,  or  iodides  of  the  several  diatomic  alcohol-radidea :  e.  y. 


by] 
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(yH>BH  .«^)'J0«  -  2A8B,  .  ^^^y,\o'^ 

Bromide  of       2  at.  aceUto  of  Dlaceute  of 

otbyleoe.  lilTtr.  ethylene. 

HoBCMoetate  of  ethylene  is  obtained  by  heating  acetate  of  potaannin  with  an  alco- 
holic eolation  of  bromide  or  chloride  of  ethylene,  or  by  heating  in  a  sealed  tube  a 
mixture  of  1  at.  hydrate  of  ethylene  and  1  at.  acetic  anhydride : 

All  these  eomponnda  when  distilled  with  potash  are  oonyerted  into  the  corre- 
sponding diatomic  alcohols.  They  will  be  more  AiUy  described  in  connection  with 
these  sereral  alcohols. 

3.  Triatomlo  AAetlo  aUiersv  Aeetlns.  (Berthelot,  Ann.  Gh.  Fhys.  [3] 
zlL  277;  Gm.  iz.  496;  Gerh.  iii  960;  Berthelot  and  Be  Lnca»  Ann.  Ch.  Fhys. 
[3]  Uii.  433). — Componnds  obtained  by  the  nnion  of  1  at  glycerin,  CHK)*,  with  1, 
2,  or  8  at  acetic  acid  CH^O*,  with  elizoination  of  an  eqnal  number  of  atoms  of  water. 
They  mar  be  regarded  as  ^ycerin,  CH'O'.H',  in  which  1,  2,  or  3  at  hydrogen  are 
replaced  py  acem.  

MofUHweHn,  C*HK>«  «-  G*H*0*.H*.C*H*0,  is  prodnced  by  heating  a  mixture  of 

/cerin  and  glacial  acetic  acid  to  100^  for  24  hours.  Slight  traces  are  also  formed 
y  mere  contact  of  the  liquids  at  ordinary  tempemtores.  It  is  a  neutral  liquid,  having 
a  slightly  ethereal  odcnr.  Sp.  gr.  1*20.  Mixed  with  half  4ts  bulk  of  water,  it  forms  a 
clear  liquid,  which  becomes  turbid  on  the  addition  of  two  or  more  yolumes  of  water; 
but  the  acetin  does  not  separate  from  it,  and  the  emulsion  continues  opalescent  even 
after  the  addition  of  a  laxge  quantity  of  water.  Treated  with  alooh<d  and  hydrochloric 
acid,  it  forms  glycerin  and  acetate  of  ethyL    It  mixes  with  ether. 

Di4Ufetin,  also  caUed  Aeeiidin,  C^"0»  -  C»HK)».a(C«H»0)«  «  C»H»0«  +  2C»H*0« 
->2E[H),  is  obtained  by  heating  glacial  acetic  acid  with  excess  of  elycerin  to  200^  for 
8  hours;  by  heating  the  same  two  liquids  together  at  276^;  by  neating  glycerin  to 
200^  witii  acetic  acid  diluted  with  an  equal  buSc  of  water ;  and  by  heating  to  200^  a 
mixture  of  1  pt  of  glycerin  with  4  or  5  pts.  of  acetic  acid.  It  is  a  neutral  odori- 
ferous liquid  haying  a  sharp  taste;  sp.  gr.  about  1*85.  Boils  at  280^,  and  distils  with- 
out alteration.  Assumes  a  yiscid  consistency  at~40^.  It  becomes  slightly  acid  by 
prolonged  contact  with  air.  100  pts.  of  it  saponified  with  baryta,  yield  52*4  pts.  of 
glycenn  and  a  quantity  of  acetate  of  barium  corresponding  to  66'4  pts.  of  acetic  acid ; 
calculation  requires  62'3  ^plycerin  and  68-2  acetic  acid.  With  alcohol  and  hydro- 
chloric acid  it  yields  glycenn  and  acetate  of  ethyl.    It  dissolyes  in  ether  and  in  benzoL 

Triaeetin,  C»H"0«  «  C«HK)«.(C«H«0)»  -  C«&0»  +  3C«HK)«  -  8  H»0.  —  Obtained 
by  heatinff  diacetin  to  260^  for  8  hours  with  16  to  20  times  its  weight  of  glacial 
acetic  acid.  BesemUes  the  preceding  compound.  Sp.  gr.  1*174  at  8^.  Volatilises 
without  residue.  100  pts.  saponified  with  baryta  yielded  80*6  pts.  acetic  acid,  and 
43*1  glycerin;  by  calculation  it  should  be  82-6  acetic  acid  and  42*2  glycerin.  It  is 
insoluble  in  water,  but  soluble  in  dilute  alcohoL 

A  compound  of  acetic  acid  and  glycerin,  probably  triacetin,  appears  to  exist  in  ood- 
liyer  oil  (Be  Jongh,  Berz.  Jahresber.  1843),  and  in  considerable  quantity  in  the  oil 
obtained  from  the  seeds  of  Btumymtu  europaus  (Schweizer,  J.  pr.  Chem.  Uii  437). 
Acetic  add  was  also  obseryed  by  Cheyreul  among  the  product  of  tne  saponification  of 
fats. 

Acetochlorhydrin,  C»H»C10«  =  C»H»0»  +  C»H*0«  +  HCl  -  2H*0.  is  obtained  by 
passinff  hydrochloric  acid  gas  to  saturation  into  a  mixture  at  acetic  acid  and  glycerin 
neated  to  100^,  and  saturating  the  liquid  with  carbonate  of  sodium,  after  leaying  it 
at  rest  for  seyeral  days.  This  process  yields  the  compound  mixed  with  dichlorhydnn. 
It  is  also  obtained,  together  with  the  following  compound,  by  the  action  of  duoride 
of  acetyl  on  glycerin.  It  is  a  neutral  oil,  smelling  like  acetate  of  ethyl  and  yolatiUsing 
at  about  260°. 

Acetodichlorhydnn.O'BKnH)*  -  C"HK)»  +  C«HW  +  2HC1  -  8H«0,  is  obtained  by 
adding  chloride  of  acetyl  to  glycerin  externally  cooled,  as  long  as  any  action  takes 
place,  distilling  the  product,  and  purifying  the  distillate  obtained  between  180°  and 
160°,  by  agitation  with  water  and  then  with  an  alkali,  drying  with  chloride  of  cal- 
cium and  quicklime,  and  fractional  rectification.  It  is  a  transparent  neutral  oil 
haying  a  refreshing  ethereal  odour,  sparin£;ly  soluble  in  water  and  <li«*iil]ing  at  206° 
without  decomposition.    (Berthelot  and  i)e  Luca.) 

Duteetochlorhydnn,  C'H"C10«  -  C«H»0«  +  2C«H*0*  +  HCl  -  3HH).  is  obtained 
liy  the  action  of  chloride  of  acetyl  on  a  mixture  of  equal  volumes  of  glycerin  and 
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5Ia(eial  aeetio  add.    It  is  a  neutral  liquid  which  Tolatiliaes  at  2ifP,    (Bert helot  and 
)e  Luca.) 
Similar  oomponndB  are  produced  hr  the  action  of  bromide  of  acetyl  on  glyoerin. 
Bj  treating  glyoerin  with  a  mixtore  of  chloride  and  bromide  of  acetyl  in  equal  nnmbeia 
of  atoms,  tMUtokiorbromhfdrin,  G*H"ClBrO<  -*  CHK)*  +  C*H*0*  -h  HCl  -t-  bSr  - 
8  H'O,  is  obtained  as  a  neutral  oolourless  liquid,  smelling  like  aeetate  of  ethyl  and 
bromide  of  ethylene,  boiling  at  208^,  and  disUUing  without  decompositiott.    It  is 
somewhat  coloured  by  exposure  to  light.  (Berthelot  and  De  Luca.) 
The  formula  of  all  these  compounds  may  be  derived  from  that  of  a  triple  molecule 
HHO 
of  water  HHO.      By  replacing  8  at  hydrogen  in  this  formula  by  the  triatomio 
HHO 

H  O 

radide,  glyceryl  0^*.  we  obtain  glycerin  H(C"H>)0.  Replacing  1,  2  or  Sat  H in 

H  O 

this  formulA  by  acetyl  (C^HH)  tm  Ajc\  we  obtain  monoacetin,  &c. ;  and,  lastly,  the  re- 
placement of  one  or  two  molecules  of  jpeiozide  of  hydrogen  (HO),  by  chlorine  in  the 
formula  of  monoacetin  and  diacetin  gives  the  acetocmorhydnns.    Thus : 


Monacetin . 


Aoetoehlorhydiin 


Acetodichlorhydxin 


H  0 

H  0 

H  O 

Ac(C»H»)"'0 

a 

CI 
Ac(0^»)'"0 

a 


Br 
Aoetochlmbromhydxin     .  Ac(C^*)'"0 

a 

Ac  O 

DiaoetocUorhydzm  .        .  Ac(C^''0 


Triacetin  . 


.  Ac\C^»y'W. 


A  compound  formed  from  acetic  acid  and  mannite  in  the  same  mannei 
as  acetin  from  acetic  add  and  glycerin.    (Berthelot,  Compt  rend,  zzzriii.  668.) 

AoaTOMaVMIb  A  hydrometer  graduated  lior  determining  the  strength  of  oom- 
mereial  acetic  acid  according  to  its  density.    (Sae  Acanc  Acid.) 

ACSTOn.  C"H«0  «=  C«H«O.CH«  -  CO(CH»)».  Pyroaeetie  wpirit,  HuiyyM^ 
BretueuiggeUt  (Gnu  iz.  1 ;  ziii.  462 ;  G  erh.  i.  700 ;  iii.  943 ;  it.  906).— This  compound 
has  long  been  known  as  a  product  of  the  destmctiTe  distillation  of  acetates  (p.  2S).  It  is 
also  produced  by  passing  the  vapour  of  acetic  add  through  a  red-hot  tube ;  by  heating 
gum,  sugar,  tartaric  add,  dtric  add  and  other  vegetable  substances  in  contact  wiS 
ume ;  and  by  heating  dtric  add  with  permaganate  of  potasdum,  or  with  a  mixture  of 
binoxide  of  manganese  and  dilute  smphuiic  add.  (r^an  de  St  Gilles,  Gompt 
rend,  xlvii.  666.) 

C*H^'  +  0  -  C»HH)  +  3C0«  +  H«0. 

Citric  add. 

It  is  prepared :  1.  By  distilling  acetate  of  barium  or  acetate  of  caldum  at  a  mode* 
rate  heat»  the  metal  then  remaining  in  the  form  of  carbonate : 

(0«H»0«)«Ba*  -  C^«0  +  C0«Ba'. 

Acetate  of  barium  when  dry  and  pure,  yields  a  perfectly  odourless  neutral  distillate^ 
in  fact  pure  acetone.  The  caldum-salt  requires  a  higher  temperature  to  decompose  it 
and  the  distillate  is  in  consequence  contaminated  with  an  empyreumatic  oil,  called 
dunuuin^  C'*H**0. — 2.  By  distilling  in  an  iron  retort  or  quicksilver  bottle,  a  mixtura 
of  2  pts.  of  acetate  of  lead  and  1  pt  of  pounded  quicklime,  rectifying  the  product 
several  times  over  chloride  of  caldum,  and  finally  f^igrilli'ng  over  the  water-batnT 

Acetone  is  a  limpid,  very  mobile  liquid,  of  sp.  gr.  0*792  at  18^  (Liebig),  0'814  at  0^ 
(H.Eopp).  Itdoes  not  solidify  at  -  Ifi^.  Boils  at  66<' (Dumas),  at  66*3^  (Kopp) 
under  a  pressure  of  760  mm.  Evaporates  quickly,  producing  a  considerable  degree 
of  cold.  Vapour-density  2*0026  (D  umas).  It  has  an  agreeable  odour,  and  a  biting 
taste  like  that  of  peppermint  It  is  veiy  inflammable,  and  bums  with  a  white  flame, 
without  smoke. 

Acetone  mixes  in  aU  proportions  with  water,  alcohol,  ether,  and  many  compound 
ethers.  It  does  not  dissolve  potash  or  chloride  of  ft^lwnTy*.  It  dissolves  many  cam- 
phors, fiits  and  resins. 


posited  on  nuxing  an  alcoholic  wlution  of  bisulphite  of  ammonium  with  acetone^  in 
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fr^mtni  TCMmbling  eholeflterin,  vhich  quickly  aggregate  into  a  heavy  cryBtalliBe 
povder.    (Stadeler.) 

Acetone  waa  legaided  by  Kane  aa  an  alcohol  C^*.H.O,  containing  the  radicle  C*HS 
which  he  called  mentyl.  According  to  thia  -new,  howeyer,  the  oxidation  of  acotone 
ahoold  yield  nroducta  containing  C,  jnat  aa  the  oxidation  of  common  alcohol,  C'H*0 
yields  aldehyde  and  aceticadd  containing  C;  but  no  such  producte  are  obtained. 
A  more  probable  yiev  of  the  oompoaition  of  acetone  ia  that  of  Cnancel,  who  regards  it 
aa  aldel^de  ooapled  with  methylene,  C?«H*O.CH«,  or,  which  comes  to  the  same  thing, 
that  of  Oerhaidt  and  Williamaon,  who  regard  it  aa  aldehyde  in  which  the  basic  hy- 

dfogen  ia  replaced  by  methyl;  ^h^|-      Thia  view  ia  qnito  in  accordance  with  the 

deoompoaition  of  acetatea  into  acetone  and  carbonatea.  For  acetyl  may  be  regarded  aa 
a  componnd  of  methyl  with  carbonic  oxide;  [C*H"0  »  CH«.CO.];  and  it  is  easy 

to  eonceire  that  a  molecule  of  acetate  of  barium,  '      g^«  '  1 0«,  may  decompose  in  such 

a  manner  that  the  CO  of  one  of  the  acetyls  may  unite  with  the  barium  and  the  twi» 
external  atoma  of  oxygen,  to  form  carbonate  of  barium,  while  the  methyl  remaina  in 
eombination  with  the  other  atom  of  acetyl,  forming  acetone : 

CIP.CO)  ^  >  ^^^ 

Aceuu  of  terium.     Carbonate        Acatona. 

of  barium. 

The  same  Tiew  ia  strengthened  hy  the  fact  (discovered  by  Williamaon)  that  when  a 
nixtore  of  aceteto  and  ralerate  of  barium  is  heated,  an  acetone  is  formed  containing 
acetyl  coupled  with  totryl  (C*H»),  or  valyl  (C»H^O)  with  methyl :  thua 

(CH..C^:jo.  +  (C'H'.qO):jo.  .  2COJ0.  ^  ,C^^[ 

Deeompoiitiona  of  Acetone. — 1.  Acetone  passed  in  the  state  of  vapour  through  a  red- 
hot  tube,  deposite  charcoal  and  is  converted  into  a  peculiar  oil  called  dunuuin,  which 
generally  paases  over  together  with  acetone  in  the  distillation  of  acetatea. 

2.  Acetone  ia  decompoeed  by  chlorine,  a  portion  of  ite  hydrogen  being  replaced  by 
that  element ;  bnt  it  ia  not  poeaible  in  thia  manner  to  replace  the  whole  of  the  hydro- 
gen by  chlorine;  even  a  mixture  of  chlorate  of  potaaaium  and  hydrochloric  acid  doea 
not  appear  to  be  capable  of  replacing  more  than  two  of  the  hydrogen  atoma  bv  chlorine. 
The  higher  chlorinated  acetones,  may  however  be  obtained  by  £e  action  of  chlorine, 
or  the  mixture  juat  mentioned,  on  other  organic  bodies.    (See  Chloracbtoiq6,  p.  29.) 

Chlorine^  in  preaence  of  alkalia,  oonverte  acetone  into  chloroform : 

C«HH)  +  12a  +  HK)  -  2CHC1»  +  C0»  +  6HCL 

Bromine,  in  preaence  of  aUcalis,  acte  in  a  aimilar  manner,  producing  bromoform :  but 
iodine  forma  only  a  dark  pitchy  mass. 

4.  Hydrochloric  acid  gas  is  aV«orbed  in  large  quantity  byacetone,  and  according  to 
Kane,  ^elda  chloride  of  meeityl  (or  chloropropylene)  CH^Cl.  Hydriodic  acid  gaa 
passed  into  acetone  forms^  according  to  Kane,  iodide  of  mesityl,  CH*I,  which  distils 
over  with  the  hydriodic  add ;  iodide  of  pteleyl  CH'I  (or  rather  tri-iodomesitylene, 
CH'I*),  which  remaina  suapended  in  the  reaidual  liquid,  in  the  form  of  yellow  acales ; 
and  meaityl-hypophosphorous  add,  C'H*O.PHO,  wnich  aeparatea  in  aiiky  needles  aa 
the  liquid  ooola.  Friedel  (Compt.  rend.  xlv.  1013)  steted  that  a  solution  of  h^dro- 
chloric  add  gas  in  acetone  yielded,  when  heated  to  100°,  acetic  acid  and  chloride  of 
methyl  (2C*H*0  +  4Ha  »  C^«0*  +  4CH*a),  and  simikrly  with  hydriodic  add ; 
bnt  he  has  aince  admitted  that  these  reaulto  were  obtained  with  impure  acetone  con- 
taining wood-spirit  

5.  With  peniaehloride  of  phosphorus,  acetone  ^rields  chloropropylene,  OH*Cl,  boiling 
at  about  30^  and  methylcUoracetol,  a  compound  isomeric  witii  chloride  of  propylene, 
CH'Cl*.  This  body  treated  with  silver-salts,  ammonia,  ethylate  of  sodium,  or  alco  • 
holie  potash,  is  reaolved  into  hydrochloric  add  and  chloropropylene,  identical  with  the 
body  obtained  by  the  action  of  alcoholic  potash  on  CH'Cl'.  Hence  it  appears  that 
acetone  ia  related  to  the  propylene  aeries.    (Friedel,  Ann.  Ch.  Fharm.  exii.  236.) 

6.  Strong  niiric  acid  acts  violently  ou  acetone,  giving  off  copioua  red  fum«,  and 
formiuff  medtic  aldehyde,  CH^O,  and  nitrite  of  pteleyl,  CH'NO'.  for  rather  trinitro- 
medtylene,  (7H*(N0*)'1,  together  with  oxalic  and  cyanuric  acid  ^Kane).  By 
dropping  acetone  into  roming  nitric  add  contained  in  a  flaak  externally  cooled,  and 
adoing  water  aa  soon  as  the  action  ceaaea,  a  heavy  oil  ia  obtained,  which  explodes  with 
violence  when  heated,  ^ving  off  red  fumes.    (Fittig,  Ann.  Ch.  Pharm.  ex.  45.) 

7.  Acetone  mixed  with  strong  sulphuric  acid  becomes  heated,  and,  according  to  the 
quantity  of  add  present  and  the  riae  of  temperature  which  takes  place,  forma  either 
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oxide  of  meiBityl,  C^**0,  or  mesitylene,  (?H}\  together  with  men^Iflolphuiio  ftcid, 
bO*.C'H^H,  and  sulphnrouB  add.  (According  to  Kane,  the  composition  oi  medtylsul- 
phuric  add  is  C'H*0.H0.80^,  and  there  is  formed  at  the  same  time  another  add 
called  perTniesitvUulphuric  add,  CIPO^,  2  80* ff). 

8.  Glsudel  phospiorie  add  forms  with  acetone  a  dark  brown  mass,  partly  consisting 
of  mesitylphosphoric  add.    (S.  a  n  e.) 

9.  A  solution  of  phosphorus  in  acetone  tarns  add  when  kept  for  some  weeks^  and 
more  qnickly  when  heated,  even  in  perfectly  air-tight  yeauels.  According  to  Zeise^  the 
change  consists  in  the  formation  of  three  peeoliar  adds,  to  which  he  gives  the  names, 
phosphacetic,  aoephosgenio  and  acephorie  adds ;  but  their  nature  and  composition  have 
not  been  dearly  made  out.  Products  oflike  nature  are  obtained  with  »«/pAur.  Suiphide 
of  phosphorus  forms  with  acetone  a  peculiar  add,  and  an  oil  which  has  a  powerftil 
odour  but  no  add  reaction.    (Zeis  e.) 

10.  A  solution  of  ammonia  in  acetone  yields,  by  spontaneous  evaporation,  a  ooIoup- 
less  syrupy  reddue,  which  ^[raduaUy  changes  into  an  alkaline  Hquid,  consisting  of 
aeetonine,  O'H^N',  an  orgamc  base,  which  bears  to  acetone  the  same  relation  that 
amarine  beaxss  to  bitter-a&ond  oil : 

8(?H«0  +  2  NH»  «  C»H»«N«  4-  8H«0. 

The  non-basic  compound  first  formed  is  perhaps  isomeric  with  acetonine.  (8  tadeler^ 
Chem.  Oas.  1853,  241.) 

11.  By  the  action  of  ammonia  and  sulphur  on  acetone,  Zeise  obtained  a  number  of 
products,  which  howerer  do  not  present  any  definite  characters.  (G-m.  ix.  11.) 

12.  By  the  simultaiieons  action  of  ammoma  and  h^drosulpMtrie  add,  aeetone  i« 
converted  into  iktacetonins,  a  sulphuretted  base  consisting  probably  of  CH'KS'. 
It  crystallises  in  shining  yellowish  rhombohedrons,  having  an  alkaline  reactioii, 
sparingly  soluble  in  water,  but  dissolving  with  fiidli^  in  alcohol,  ether,  acetone,  and 
dilute  acids.    (S  t a  d  e  1  er.) 

13.  When  1  volume  of  acetone  is  mixed  with  1  voL  disulpkide  of  carbon  and  2  vols, 
aqueous  ammonia^  laminated  crystals,  resembling  ice,  form  in  the  liquid  after  a  few 
d&jB ;  but  these  gradually  disappear,  and  are  succeeded  by  lai^  fellow  crystals,  which 
are  insoluble  in  water,  sparinglv  soluble  in  ether,  but  dissolve,  with  decomposition,  in 
warm  alcohol  and  in  boiling  hydrochlorio  add  (Hlasiwets,  J.  pr.  Chem.  IL  365). 
Hlanwets  asdgns  to  these  crystals  the  improbable  formula  (?'H,'*S*9.  Stadeler,  on 
the  other  hand,  regards  them  as  the  hydrosnlphate  of  an  organic  base,  earhothiaoeUmlne^ 
G^H^IN^',  and  represents  their  formation  by  the  equation, 

3CJ^«0  +  2NH»  +  CS*  =  CWH'«(N«8«  +  8HK). 

The  formula  C'H^'N'S*.  H>S  agrees  pretty  nearly  with  the  analytical  numben  ob> 
tained  by  Hladwetz.  A  cold  alooholic  solution  of  the  crystals  forms  with  dichloride  of 
platinum  a  brownish  yellow,  amorphous  predpitate  consisting  of  C'H^'N^J^tCl'.PtS, 
and  with  mercuric  chloride  a  white  precipitate,  which,  according  to  Stadeler,  is  merely 
HgHlU'S  mixed  with  a  small  quantity  of  hydrochlorate  of  carbothiacetonine. 

14.  Acetone  heated  with  a  mixture  of  hydrocyanio  and  hydrochlorio  aeH  iB  con* 
verted  into  aceionio  acid,  C*IL*0*  (Stadeler): 

C»H«0  +  CNH  +  2H*0  «  C*HW  +  NH«. 

15.  Acetone  distilled  with  acid  chromate  of  potassium  and  sulphuric  acid  giv-ss  off 
acetic  and  carbonic  acids,  but  no  formic  acid : 

CR*0  +  40  =  C*H«0«  +  CO*  +  H»0. 

16.  Caustic  alkalis,  such  as  hydrate  of  potassium  and  gruick  lime,  exert  a  dehydra- 
ting action  on  acetone,  several  products  being  formed,  according  to  the  proportion  of 
water  abstracted.  Lowig  and  Weidmann,  by  subjecting  acetone  to  the  action  of 
hydrate  of  potasdum,  obtained  a  dark  brown  mass,  consisting  chiefly  of  xyUtc-oil^ 
C^m^H),  which  boiled  at  200^,  together  with  a  resin  which  they  call  :mliie-rmn. 
Ydlckd,  by  leaving  acetone  for  some  time  in  contact  with  quick  lime,  also  ootained  an 
oil  boiling  above  200^,  which  he  regarded  as  inrlite-oil.  But;  acoordinff  to  Fittis 
(Ann.  Ch.  Pharm.  ex.  32),  the  Moducts  obtained  by  the  action  of  ouick  lime  in  dosed 
vessels,  are  oxide  of  mesityl,  CH**0^  boiling  at  131^,  and  a  liquid  isomeric  or  iden- 
tical with  phorone,  CH"0.  It  must  also  be  noticed  that  Schweizer  and  Weidmann 
(J.  pr.  Chem.  xxiii.  14)  obtained  xylite-oil,  and  likewise  xylite-naphtha,  C"H"0',  by 
the  action  of  potash  and  of  strong  sulphuric  add  on  a  compound  produced  from  crude 
wood-spirit,  which  those  chemists  called  xylite,  assigning  to  it  the  improbable  fonnnla 
C^IPOH,  but  which  was  probably  nothing  but  somewhat  impure  acetone,  (hi  the 
whole  it  appears  that  the  action  of  alkalis  on  acetone  is  similar  to  that  of  sulphuric 
acid  (p.  52),  consisting  in  an  abstraction  of  the  dements  of  water.    The  prodttcta 
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obtained  by  the  action  of  these  dehydrating  agents  on  acetone  may  be  anranged  as  fol« 
Iowa,  aoeording  to  their  boiling-pointa : 


Boilinf-potnt. 

XyUte-naphtha  .  .  C»*H«0«  -  4C«H«0  -    H«0  .  .   110^  to  120«> 

Oiide  of  Meeityl  .  C«H»H)    -  2C»H«0  -    HK)  .  .            „  131<» 

Mesitylene         .  .  C»H"      -  8C*H«0  -  8H«0  .  .   1669  „  160O 

Phoione?           •  .  C»H»«0    -  8  0»H«0  -  2HK)  .  .  210°  „  220® 

Xylilo^a           .  .  C»«H»H)   -  4  C«HH)  -  3HK)  .  .  above     200® 

Tapoar  of  acetone  paaaed  over  heated  hydrate  of  potaaainm  or  potash-lime  ia  resolved 
into  marsh-gaa  and  carbonic  anhydride : 

CmK)  +  2KH0  -  CO»K«  +  2CH^ 

or  if  the  heat  is  not  very  strong  the  chief  products  are  acetic  add,  formic  add  and 

hydrogen:  

C*H«0  +  2B:H0  +  HK)  -C*H»X0»  +  CHK0«+  6H. 

17.  Sodium  is  violently  attacked  by  anhydrous  acetone,  bat  witbont  evolution  of 
hydrogen,  and  hydrate  of  sodium  is  separated  in  ii^te  flakes.  The  lij^uid  Rradually 
aasiimes  a  paaty  consistence,  and  the  sodium  becomes  coated  with  oxide,  so  mat  it  no 
longer  acts  perceptibly  on  the  acetone.  On  distilling  the  mass,  undecomposed  acetone 
peases  over  flxat,  and  afterwards  a  wateiy  liquid  collects  in  the  recdver,  covered  with 
a  yellowiah  oiL  On  pouring  the  distillate  into  a  basin,  so  that  the  undecomposed 
acetone  ma^  evaporate,  the  watery  layer  solidifies  in  a  white  crystalline  mass,  from 
whidi  the  oil  may  be  aeparated  \j_  raessure  between  paper.  The  aystals  consist  of 
kfdraU  of  finaame,  CWH)  4-  7  HK),  and  the  oily  Uqmd  is  pkorone,  C*H>«0.  The 
pinaoone  is  produced  by  the  Abstraction  of  1  at.  oxygen  from  a  double  molecule  of 
acetone: 

2C»HH)  4-  2Na  -  Na*0  +  C^»«0; 

and  the  anhydrous  pinacone  thus  formed  appears  to  take  water  from  another  portion  of 
the  acetone,  converting  it  into  phorone: 

8C^K)-2HH)-C^>*0. 

By  heatine  the  etystals  of  hydrated  ptinaoone  in  a  narrow  elass  tube,  a  visdd  liquid 
is  obta^ied,  which  absorbs  water  rapidly  from  the  air,  and  is  reconverted  into  the 
crystalline  hydrate.  This  liquid  appears  to  be  anhydrous  pinacone ;  but  it  is  difficult 
to  ezpd  dl  the  water  (Stadeler,  Ann.  Ch.  Pharm.  cxi.  277).  Fit  tig  (ibid.  ex.  23) 
assigns  to  the  hydrated  aystals,  the  formula  CH*0  +  3H'0,  regarding  them  as  the 
hydrate  of  paraeetone,  a  compound  isomeric  with  acetone,  which  he  also  states  is  ob- 
tained in  anhydrous  ciystala,  by  the  action  of  ammonia  on  acetone.  Pittig's  formula 
do  not,  however,  agree  with  tiie  results  of  analysis  so  well  as  Stadder^s  (see  Pinaconb); 
moreover  it  is  veiy  unlikdy  that  sodium  should  act  with  violence  on  acetone,  withoi^t 
abstracting  a  portion  of  its  oxygen.  The  action  of  ammonia  on  acetone,  produces,  ac* 
cording  to  St&dder,  not  a  crystalline  compound,  but  a  liquid  organic  base,  acetonine 
(p.  82). 

18.  Dty  tetrachloride  of  ftatmum  dissolves  in  acetone,  with  evolution  of  heat,  and 
forms  a  brown  solution,  which,  when  evaporated,  gives  off  hydrochloric  acid,  and  leaves 
a  resinous  mass,  containing  among  otber  products  a  yellow  crystalline  substance 
called  ttceeUoride  of  ffiUinum  or  chloroplaiinite  of  meeityl,  C«H**O.PtCl*.(?^  This 
compound  may  be  obtained  in  larger  quantity,  by  triturating  tetrachloride  of  platinum 
with  acetone  to  the  condstence  of  a  thick  paste,  leaving  the  mass  in  a  dose  vessel  till 
it  liquefies  and  ultimately  forms  crystals,  washing  these  crystals  with  acetone,  and 
purifying  them  by  arstalbsation  from  boiling  acetone.  Acediloride  of  platinum  thus 
obtained  is  yellow,  inodorous,  sparingly  soluble  in  water,  alcohol  and  ether,  more 
readily  in  aqueous  chloride  of  potassium  or  sodium.  Cold  acetone  dissolves  ^  of  it ; 
boiling  acetone  a  little  more.  The  aqueous  solution  reddens  litmus.  The  compound  is 
decomposed  and  dissolved  by  potash,  forming  a  brown  solution.  When  boiled  with 
water,  it  depoeits  a  black  substance  called  aceplatinoue  oxide^  probably  C*PtO.  The 
same  substance  is  depodted  on  boiling  the  mother-liquor  of  acichloride  of  platinum. 
The  acichloride  yidds  by  distillation  a  residue  of  carbide  of  platinum,  PtC.  (Zeise, 
Ann.  Ch.  Pharm.  xxxiii.  29 ;  Gm.  ix.  81.) 

SuBSTXTunoN-FBODUCTS  OF  AcBTOioi.  Ckloraceton  ee. — ^Each  of  theatoms  of  hydro- 
gen  in  acetone  may  be  replaced  by  chlorine,  giving  rise  to  six  chlorinated  acetones.  The 
first  of  these  compounds  is  obtained  by  the  action  of  nascent  chlorine  on  acetone ; 
the  second  by  that  of  chlorine  or  the  oxides  of  chlorine  on  acetone ;  the  third  and 
fourth  by  the  action  of  chlorine  on  crude  wood-spirit,  probably  containing  acetone ; 
the  fifth  and  sixth  can  only  be  obtained  by  the  action  of  chlorine  or  the  oxides  of 
chlorine  on  other  organic  compounds. 
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MdnuteJdoraoetone,  C*H*C10,  is  obtained  bj  the  action  of  a  feeUe  elejBtane  eniNot 
(from  three  Bonsen's  cells)  on  a  mixture  of  acetone  and  hydrochlonc  acid,  tha 
chlorine  set  free  at  the  positLve  pole  from  the  hydrochloric  acid,  acting  on  the  aoetone 
and  taking  the  place  of  1  at  hydrogen.  It  is  an  oily,  colourless  liquid,  which,  when 
separated  from  the  wateiy  solution  and  rectified,  boils  at  117^,  has  a  sp.  gr.  of  1*14  at 
14^,  and  yaponr-density  »  3*40.  Its  vapour  acts  strongly  on  the  nose  and  eyes,  pn>- 
ducins  a  copious  flow  of  tears.    (Biche,  Compt  rend.  xfix.  176.) 

Dickloracetanet  C*H^C1'0  (Kane's  mentie  ehlorat)^  is  produced  \ij  passing  di^  chlorine 
into  anhydrous  acetone,  or  better,  according  to  St&deler,  by  mixing  acetone  in  a  capa^ 
cioiis  flask  with  twice  its  volume  of  strong  hydrochloric  acid  diluted  with  an  equal 
bulk  of  water,  and  adding  pulverized  chlorate  of  potassium  by  small  portions.  It  is 
an  oily  Uquid  of  sp.  gr.  1*831  (Kane);  1*236  at  00^  (Fittig).  Boils  at  116*6<»  (Sta- 
deler);  at  121^-5  (Fittig).  Vaoour-density  3*2.  Its  vapour  smells  like  chloro- 
form at  first,  bnt,  after  a  few  seconds,  attacks  the  nose  and  eyea  with  violence.  The 
liquid  blisters  the  skin  like  cantharides,  producing  wounds  wluch  are  difficult  to  heal 
(Liebig,  Kane,  Fittig.)  It  is  insoluble  in  water,  but  mixes  in  all  proportions  with 
alcohol  and  ether. 

Triohloraoetane,  CH'Cl'O,  is  obtained  by  the  action  of  chlorine  on  wood-i^nnt. 
When  chlorine  gas  is  passed  into  ordinary  (unporified)  wood-spirit,  crystals  are  formed 
consisting  of  G*£I?'C1H)'  (ehloromentaie  of  methylene),  but  if  the  action  of  the  ehJi»in« 
be  further  continued,  the  crystals  disappear,  and  an  oily  liquid  is  formed,  whieh  ia 
terchlorinated  acetone.  It  is  heavier  tnan  water,  has  an  eactremaly  pungent  odour, 
and  cannot  be  distilled  without  decomposition.     (Bonis.) 

Teiraehloraoeione,  0*H*C1*0,  is  obtamed  by  dissolving  toe  crystals  just  mentioaed 
in  wood-spirit  and  passing;  chlorine  through  the  solution.  It  is  an  oily  very  volatile 
and  pungent  E^ui^whida  blisters  the  skin.  When  exposed  to  moist  air,  it  forms 
crystals  containing  0"il*Cl*0  +  4  H'O,  which  melt  at  36^,  and  dissolve  in  water,  alcohol . 
and  ether,  forming  solutions  which  are  not  precipitated  by  nitrate  of  silver.  The  crystals 
distilled  with  phosphoric  anhydride  yield  the  original  anhydrous  compound.  This 
and  the  preceding  compound  are  doubtless  formed  from  acetone  contained  in  the  wood* 
spirit    (Bonis,  Ann.  Ch.  Fhjrs.  [8]  xxi.  111.) 

JPetUackloraceionSj  CHCIK),  is  obtained  by  the  action  of  a  mixture  of  chlorate  of 
potassium  and  hydrochloric  acid  on  seveial  organic  compounds,  viz.  kinio,  citric, 
gallic,  pyrogaUic,  catechucic  and  salicylic  adds,  tUso  kinone,  muscidar  flesh,  albumin, 
indigo  and  tyrosin.  The  best  mode  of  preparing  it  is  to  add  a  considerable  quantity 
of  cmorate  of  potassium  to  a  boiling  solution  of  kinic  acid,  and  then  add  strong  hydro- 
chloric  acid  in  such  portions  that  chlorine  and  chlorous  acid  may  be  continually 
evolved.  The  distillate  is  concentrated  by  rectification  over  chloride  of  calcium,  it 
then,  if  tolerably  pure,  solidifies  into  a  crystalline  hvdxate  when  covered  with  water 
at  4^  or  5^.  If  no  solidification  takes  place,  the  product  is  contaminated  with  other 
oils,  and  must  be  purified  by  acdtating  it  with  ice-cold  water,  and  heating  the  de- 
*  canted  and  darifieoi  liquid  to  60^ ;  the  greater  part  of  the  oily  impurities  then  separate 
out.  To  purify  it  completely,  it  is  converted  into  the  crystalline  hydrate  as  above  men- 
tioned, and  the  crystals  are  pressed  between  paper.  The  pure  anhydrous  compound 
may  be  obtained  by  melting  the  crystals  in  a  glass  tube,  whereupon  they  separate 
into  a  watery  and  an  oilj  liquid,  the  latter,  which  is  undermost,  being  pure  ai^ydrous 
pentachloracetone.  It  is  a  colourless  rather  mobile  oil,  having  a  burning  aromatic 
taste,  and  an  odour  like  that  of  chloral.  Sp.  gr.  between  1*6  and  1'7^  It  remains 
liquid  at  —  2(P  and  boils  at  190°.  The  hydrate,  which  crystallises  in  rhombic  tables, 
contains  4  atoms  of  water.  Water  dissolves  j^  of  its  volume  of  anhvdrous  penta- 
chloracetone, and  on  the  other  hand,  this  compound  takes  up  a  certam  quantity  of 
water  without  change  of  appearance ;  but  it  then  becomes  turbid  at  the  heat  of  the 
hand,  like  hydrated  conine.  Pentachloracetone  dissolves  readily  in  alcohol  and  ether. 
The  alcoholic  solution  mixed  with  alcoholic  potash  deposits  chloride  of  potassium 
together  with  scaly  crystals,  probably  consisting  of  tUcnlaraeeiate  of  potassium^  and 
the  solution  is  found  to  contain  formic  add : 

(?HCI*0  +  H«0  -  CHC1«  +  C?H«a«0« 

> — , — '      >      ,    ■■^ 
Chiorofonn.   DIchloracetle 
add. 

and:  CHa"  +  2H»0  -  8 Ha  +  CH»0». 

(Stadeler,  Ann.  Ch.  Pharm.  cxi.  277.) 

Jlexachloracetone,  CC1*0  (discovered  by  Plantamour,  who  assigned  to  it  the  formula 
(0*01**0'),  is  obtained  bj  the  action  of  chlorine  in  sunshine  on  an  aqueous  solution  of 
dtric  add.  It  is  an  oily  liquid  of  peculiar  pungent  odour,  sp.  gr.  1*76  at  10°,  and 
boiling  between  200°  and  201°.  It  makes  transient  grease  spots  upon  paper,  grs^ 
dually  reddens  litmus  paper,  and  forms  with  water,  at  temperatures  not  aoove  6°,  a 
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crfftelEiia  hydmte,  CKSiH)  •»-  HK),  which  melts  at  a  temperature  above  16^,  witJi 
•eparation  of  an  oiL 

Brpmacetone,  CH*BrO,  is  produced  similarly  to  mosochloraoetone,  tie.  by  the 
action  of  a  feeble  electric  current  on  a  mixture  of  acetone  and  hydrobromic  add.  It  is 
oolonriese  when  first  prepared,  bat  tarns  biown  in  a  few  minntes,  and  is  decomposed  by 
distillation,  the  greater  portion  however  passioff  oyer  between  140^  and  145^.  Its  ra- 
pour  irritates  the  eyes  so  strongly  that  uie  spuling  of  a  few  drops  renders  the  air  of 
a  room  nnendnrable.    (Riche.) 

Jodaeetons  appears  also  to  be  formed  in  small  quantity  by  the  electrolysis  of  a  mix- 
tore  of  acetone  and  hydriodie  add.  (B  i  c  h  e .) 

Methylaeetone,  OHK)  —  CH*(CH*)0.  —  When  crude  commercial  acetone, 
or,  better,  the  brown  liquid  which  floats  on  the  top  of  it^  is  dehydrated  with  chloride 
of  A^Vimn  and  then  subjected  to  firactional  distillation,  pure  acetone  passes  oyer  below 
60°  and  the  distillate  which  is  obtained  between  60°  and  130°,  yields,  after  about 
thirty  fractionations,  three  distinct  compounds,  yia.  methylacetone,  boiling  between  75° 
and  77°,  ethylaoetone,  0*Hi*0,  between  90°,  and  95^  and  dumasin,  G^'K),  between 
120°  and  125°     (Fittig,  Ann.  Ch.  Pharm.  cz.  18.) 

Methylacetone  is  a  colourless  liquid  of  sp.  gr.  0*838  at  19^  C.  haying  the  odour  of 
acetone,  misdble  in  all  proportions  with  water  and  aloohoL  It  combines  with  add  sul- 
phite of  sodium,  forming  a  ctystalline  compound,  2OH^aS0'  -f  8  HK),  which  is  yeiy 
soluble  in  water. 

Ethylacetone,  G*H>*0  »  C^'r(7H*)0.— Transparent,  colourless  liquid,  smelling 
ikinUylike  acetone,  sparingly  soluble  in  Water,  but  misdble  in  all  proportions  with 
alcohol,  sp.  gr.  0*842  at  19°.  BoiLi  between  90°  and  95°.  With  acid  sulphite  of  sodium 
it  forms  the  compound  2CH*NaS0'  •¥■  3  HH),  which  oystallisee  in  eolourless  nacreous 
lamine  yery  soluble  in  water.    (F i  1 1 i  g .) 

JLOaTOmv  or  XSTOras.  This  term  is  applied  to  a  daas  of  oompounda 
which,  like  that  just  described,  are  composed  of  an  add-radide  united  with  an 
alcohol-radide.  Mearly  all  the  acetones  at  present  known  consist  of  the  radide  of 
a  &tty  add  eombined  with  one  of  the  corresponding  aleohol-radidee ;  their  general 
formula  being  OH^+'.  OH*"'*  O.  where  m  may  be  either  greater  or  less  tiian  n. 
When  maO,  the  acetone  becomes  an  aldehyde,  H.OH*"-'0  a  OH*"0;  the 
aoetonee  may  therefore  be  regarded  as  aldehyoes  in  which  1  at.  hydrogen  is  re- 
placed by  an  alcohol-radide. 

Acetones  are  dther  simple  or  eompownd.  In  the  nmple  acetones,  m  «  n  —  1,  so  that 
their  ^eral  fbrmula  is  C>-»H*»-«.OH*»-*0.  -  0-»H<*-K);  thus,  acetic  acetone, 
fbr  wmch  n  a  2,  is  CH'.CHH).  The  simple  acetones  are  produced  by  heatiDg  the 
barium  or  calcium  salts  of  the  fatty  acids,  a  molecule  of  the  salt  being  decomposed  in 
Buoh  a  manner  that  one  atom  of  its  add  radicle  is  resolyed  into  the  next  lowest  alcohol- 
radicle  and  earbonyl  (CO),  so  that  a  carbonate  of  calcium  or  barium  is  formed  at  the 
■ame  time: 

(CO.O-«H«-»)«{o,  .  C-H*-»0)  CO>Q, 
Ca-  p  0-»H«-«{  +Ca''{"- 
The  formation  of  acetic  acetone  or  methyl-acetyl  (p.  26)  by  the  decompodtioil  of 
acetate  of  barium,  is  a  particular  example  of  this  process.  In  like  manner,  propione 
or  etkyi-vropionyl,  CH*.C^*0,  bwtyrone  or  trUyl-hutyryl^  CH^C^HTO,  viaterone  or 
Utryl'wut/l,  C*H*.G*H'0,  are  produced  by  the  decomposition  of  the  propionateSi  bntyrates 
yalemtes,  ^c 

These  simple  acetones  were  the  only  ones  known,  till  Williamson  in  1851  (Ghem. 
8oc.  Qn.  J.  iy.  238)  showed  that,  by  distilling  a  mixture  of  the  barium  or  caldum  salts 
of  two  diifezent  fiitty  adds,  acetones  may  be  obtained  in  which  an  add  radide  is  as- 
sociated with  an  alcohol-radide  which  is  not  the  next  bdow  it  in  the  series  [m  greater  or 
less  than  fi— 11:  these  are  the  so-called  compound  or  intermediate  acetones.  If  the 
acids  whose  salts  are  distilled  together  contain  p  and  q  atoms  of  carbon,  the  deoom- 
poiiition  may  be  represented  by  the  equation  : 

(o^.o).|o. ,  (co.o--H.-.).jo. .  ,o52;LO[  .  .cojo.; 

or,  since  it  is  indifferent  which  of  the  acid  radicles  we  suppose  to  be  decomposed,  the 

fbrmula  of  the  acetone  thus  produced  may  also  be  o— im^i  [  •    Thus  a  mixture  of 

acetate  and  yalerate  of  caldum  yields  by  di6tillation.either  im/^I-ini/^/,  CH'.OH'O,  or 
UtryUatxtyl  C«H*.C*H*0,  either  of  these  formuls  being  equal  to  C*H>*0.  Possibly 
two  isomeric  compounds  haying  these  formulsB  may  be  produced  together.    If  one  of 

the  mixed  salts  is  a  formate, '  q^J  |  0*,  the  alcohol-radide  separated  horn  it  is  re- 
duced to  an  atom  of  hydrogen,  and  the  acetone  becomes  an  aldehyde.  (See  Aldxhtdbs.) 
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The  oomponnd  acetones  are  also  ptodnoed,  together  with  the  Btmnle  aeetoaea  and 
other  prodocta,  when  a  calciom  or  barium  salt  of  a  fattj  add  is  distilled  alone.  Thus 
the  distillation  of  batyrate  of  calcium  jields,  besides  butyrone  and  a  small  quantity  of 
butyral,  aconsiderablenumber  of  hydzocarbons  (Berth elot,  CompL  rend,  zliii.  286); 
andamongthese,  methyl  and  ethyl  appear  to  occur,  andgive  rise  to  the  fonnation  of  Uhyi- 
Imtyiyl,  &H\C«H'0,  and  n^ytitUyryl,  CH".C«^0.  (Friedel,  Compt.  lend, 
adviL  663.) 

The  following  is  a  list  of  the  acetonesi  or  ketones,  at  present  known,  which  are  de* 
riyed  from  the  &tty  adds : 


Hethyl-acetyl  (Acetone)    . 
Methyl-butyryl 
Ethyl-propionjl  (Propione) 
Ethyl-butyryl   . 
HemTl-yalyl     .        .        • 
Tritvl-butyzyl  (Butyrone) . 
Methyl-cenanthyl      .        • 
Tetryl-Talyl  (Valerone)      • 
Amjl-capronyl  (Gapronone) 
Heplyl-capiyl  (Oapiylone) 
Octyl-pelflffgonyl  (relazgonone) 
Laurone    .... 
Myristone         ... 
Palmitone  or  Kargarone    . 
Stearone  .        .        •        • 


C»H«0  -CH«  .C*H»0 
C»H»»0  «  CH»:  .OH'O 
OH»»0  «  0*H».C«H»0 
C«ir*0-  0»H».C*H'0 
OffH)-  C  H».C»H»0 
C'H"0  -  C«H».C*H'0 
0»H»«0  «  C  H«.C'H»H) 
0»H"0  -  C*H».0»H»0 
C»»H«0  -  C»  H".  C«  H"0 
C»»H»0  «  C  H»*.  C"  H"0 
C»'H»*0  -C»H".0»H»*0 
C»H«K)  C3  C"H".C«H»0 
C»H"0  -  C»»H«'.  C"H"0 
(?»H«0  -  C*»H»».C»«H"0 
C»H"0  «  C"H".  C»*H»0 


Some  of  the  compounds  in  this  table  are  isomeric,  $.  g.  propione  and  butyracetone^ 
Among  the  higher  terms  of  the  series,  the  number  of  such  isomeric  compounds  is  doubt- 
less vezy  great,  though  but  few  of  them  hare  yet  been  obtained. 

These  M>dies,  with  the  exception  of  acetic  acetone,  hare  not  been  much  studied. 
Their  reactions,  so  fiir  as  they  are  known,  resemble  those  of  common  acetone  already 
described.  The  lower  terms  of  the  series  unito  with  the  add  sulphites  of  the  alkali« 
metals,  ^pnwally  forming  crystalline  compounds.  The  best  mode  of  purifying  the 
acetones  is  to  sh^e  them  up  with  a  strong  aqueous  solution  of  add  sulphite  of  potassium 
or  sodium,  and  distil  the  resulting  solid  compound  with  potash.  The  acetone  then 
passes  oyer  ^ure. 

But  little  IS  known  respecting  acetones  belonging  to  other  series  of  adds.  Two 
have  been  formed  containing  the  radide  benzoyl,  yiz.  benzophenon^  or  phtnyl^benzoyl^ 
C"H**0  «■  C^'.C'HK),  the  acetone  of  bensoic  add,  obtained  by  heating  benzoato  of 
potassium ;  and  nuikyUheruioyl^  CH"0  ■■  OH'.CH'O,  obtained  by  distilling  together 
equiyalent  quantities  of  acetate  and  benzoate  of  caldimi  (Friedel).  Benzophenone 
treated  with  nitric  add  yields  nUrobeiuophmonBy  C"H'(NO')K). 

The  caldum-salt  of  camphoric  add,  which  is  dibasic,  yields  by  dry  distillation  an  oily 
liquid  called  jpA<mm^  which  has  the  constitution  of  an  acetone : 

Camphorate  of  Phoronc       Carbonat*  of 

calcium.  calcittm. 

and  suberato  of  caldum,  OH"0*Ca,  yields  in  like  manner  suberone,  CH^'O,  mixed 
with  other  pioducts.  These  are  the  only  two  acetones  of  dibasic  adds  yet  discoyered. 
(Gerhardt,  Traits,  iy.  640.) 

ACBTOVZVa.  (yWV. — ^Produced  by  the  action  of  ammonia  on  acetone  (p.  28), 
either  when  a  solution  of  ammonia  in  acetone  is  left  to  eyaporate  spontaneously  to  a 
syiup,  or  when  acetone  saturated  with  ammonia  is  heated  to  100^  in  a  sealed  tube. 
It  is  a  colourless  liquid,  haying  a  peculiar  urinous  odour,  a  burning  taste  and  alkaline 
reaction,  easily  soluble  in  water,  alcohol,  and  ether.  It  unites  with  acids,  forming  salte. 
The  oxalaU  C*H**N*.C^'0«  -r-  HK)  crystallises  from  a  hot  saturated  alcoholic  solution 
in  delicate  colourless  prisms,  which  are  soluble  in  water,  insoluble  in  ether,  siye  off  half 
their  water  at  100^,  the  rest  between  116°  and  120°,  and  decompose  at  a  higher  tern- 
perature.  The  ehloropUUinate,  2(C'H**^.HCl).PtCl*,  forms  lustrous,  orange-coloured, 
four-sided  prisms  with  oblique  terminal  faces.  It  is  soluble  in  water,  also  in  boilingalcohol 
containing  hydrochloric  add ;  insoluble  in  ether.  (S  t  a  d e  I  er,  Ann.  Ch. Phann.  cxL  808.) 

AOBTOVXTAELB.  C*H^.— *A  compound  obtained  by  tieating  aoeteto  of  am* 
moninm  or  acetamide  with  phosphoric  anhydride : 

C»H«O^NH<  -  2HK)  -  C*H»N ;  and  C*H»NO  -  H«0  «  C»H«N. 

Acetate  of  ammonium.  Acetamide. 
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It  IB  idendeal  with  cyanide  of  methyl,  obtained  by  distilling  cyanide  of  potassium  with 
methylimlphate  of  potaasiiim.    (See  CrAinsB  op  Mbthtl.T 

ChloracitomtriU,  CK71'N,  or  c^ranide  of  trichlorometh^l,  CCl'.CN,  is  obtained  by  dis- 
tiUing  trichloracetate  of  ammonium  or  trichloracetamide  with  phosphoric  anhydride. 
It  is  a  liquid  boiling  at  81^ ;  of  sp.  gr.  1*4441.  With  boiling  potash,  it  yields  ammonia 
and  triehlorBoetate  of  potassium,    fi  is  Tiolently  attacked  by  potassium. 

ACBTOVVX.  CH*'. — ^A  hypothetical  radicle  supposed  IrjrHlasiwetz  to  exist  in  the 
yeUow  ciystals  fbrmed  by  the  action  of  ammonia  and  bisnlpmde  of  carbon  on  acetone. 
!masiwet2  assigns  to  these  crystals  the  formula  CWN*&t  and  regards  them  as  m/- 
phoejifanateof  aeeianyl  with  mdphoearbonaU  of  sulphaoetonyl  »  2(CH**.2CNS)  + 
2  C*Hi^.C>H^'S*.  'Stadeler^s  View  of  the  constitution  of  this  compound  (p.  62),  Is 
much  more  probable. 

ACSTOBTIta  The  name  giren  by  (Jerhardt  to  the  hypothetical  radicle  C'H*  oz 
C*^,  originally  called  aeefylt  and  supposed  by  some  chemists  to  exist  in  acetic  acid  and 
its  derivatiTee.    (See  Acbttl  and  yxxttl.) 

AOSTOZT&.  Eolbe's  name  for  the  radicle  G'HH)  or  C^E'd^,  usually  called 
acetyl,  which  see. 

AOSTVXBZB*    Syn.  of  Acetyl-urea. 

AOBTTXb  CH*0  or  C*H^O\  Aeeioxyl^  Othyl.—A  radicle  not  yet  isolated, 
but  supposed  to  exist  in  acetic  acid  and  its  deriTatives,  the  rational  formula  of  acetio 

acid  being,  on  this  hypothesis,     ^      >  O,  and  that  of  acetae  anhydride^  C^HK)  [  ^* 

The  reason  for  assuming  the  existence  of  this  radicle  in  the  acetic  compounds  is, 
that  the  formula  to  which  it  leads,  a£K>rds  the  simplest  representation  of  the  most  im« 
portant  reactions  of  acetic  acid  and  the  other  bodies  of  the  series.    Thus,  when  acetio 

acid       TT     f  0  is  treated  with  a  metallic  oxide  or  hydrate,  the  basic  atom  of  hydro- 

gen  is  replaced  by  a  metal,  and  an  acetate  of  that  metal      -w     [  O  is  produced.    On 

treating  the  same  compound  with  pentasulphide  of  phoirohorus,  F%^  the  external  atom 

of  oxygen  is  replaced  by  sulphur,  and  thiaoetie  acid,     ^     ( S  is  foimed ;  and  by  the 

action  of  pentaehloride  of  phoephoros,  the  group  HO  is  replaced  by  CI,  and  chloride 
of  acetyl  G'HH).!^  is  produced.    (See  Acsnc  Acm,  and  Aoids,  p.  44.) 

Formerly,  howeyer,  acetic  acid,  and  the  other  members  of  the  same  group,  were  sup- 
posed to  be  deriyed  from  the  radicle  CH*  or  C*H*;  and  to  this  the  name  acetyl  was 
originally  applied.  Thus,  anhydrou3  acetic  acid  was  regarded  as  a  trioxide  of  this 
ra£cle,  yis.  C*JS*.0\  and  the  hydrated  add  as  a  compound  of  this  oxide  with  water, 
yia.  C*S*0*MO,  &c.  To  apply  the  same  name  to  two  different  radicles  would  of 
course  create  confiision ;  hence  tne  terms  aeeioxyl  proposed  by  Kolbe,  and  oikyl  (ab- 
breyiation  id  oxygen-ethyl)  by  'Williamson,  for  the  ndide  C^'O.  Most  chemists, 
howeyer,  are  of  opinion,  that  Uie  nidide  supposed  to  exist  in  acetic  add  and  its  deri- 
yatiyes,  is  most  appropriatdy  designatodby  tne  term  acetyl;  and  accordingly,  this  term  is 
now  generally  applied  to  the  group  CHH),  while  CH",  which  more  properly  belongs 
to  another  series  of  compounds  deriyed  from  alcohol,  ether  and  ethylene,  and  haying 
a  less  intimate  distant  relation  to  acetic  add,  is  cslled  by  a  different  name.  (See 
Acbtostl  and  Vintl.) 

Acetyl,  CH'O  is  regarded  by  Kolbe  as  a  compound  or  ooigugate  radide^ 
eontaining  methyl  and  carbonyl,  yis.  CH',CO;  and  in  like  manner,  propionyl,  CHO, 
is  regarded  as  a  compouad  of  ethyl:  CH'.CO;  butyryl,  C^H'O,  as  a  compound 
of  trityl :  CH^CO,  &c.  each  radide  of  a  &tty  add  being  supposed  to  contam  the 
next  lowest  alcohol-radide  associated  with  carbonyL  This  yiew,  which  has  been 
adopted  by  Gerhardt,  in  his  "  Traits  de  Chimie  Organique"  is  based  upon  the  fact 
that  certain  methyl-compounds  may  be  obtained  from  acetic  add  and  its  deriyatiyes, 
and  the  contrazy ;  similar  transfozmationB  IQcewise  takin|r  place  in  the  other  term^ 
of  the  series.  Thus,  a  solution  of  acetate  of  potasdum  sulgected  to  dectrolysis,  yields 
methyl  and  carbonic  anhydride : 

^^H^l  0  =  OTj.  C0«  +  H 

Pyinide  of  methyl  boiled  with  aqueous  potash  giyea  off  ammonia  and  forais  aeecate 
of  potaanum: 

CH'.CN  -t-  KHO  +  H«0  -  ^^'^^jo  +  NH»; 

CyiDld*  of  »      -^ 

ineChjl  Acetata  of 

potetBlum. 
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and  acetate  of  ammoniiim  (CH*.CO)  JTH*.0,  treated  with.phoBphone  anlnrdride,  gives  df 
2H*0,  and  ia  rednced  to  cjemde  of  methyl,  Cfl'.CN.  Mazah-gaa,  or  hydride  of  methyl, 
CH'.H,  is  piodnoed  hy  tne  deoompoeition  of  acetates  (p.  12) ;  and  eaoodyl  Afl(CH')', 
by  the  deoompoaition  of  acetic  add.  The  formation  of  acetone  or  methyl-aoetylt 
CH'.CH*0,  nom  acetates,  and  the  corresponding  transformations  of  propionates, 
valerates,  &c.  (p.  26),  is  another  exainple  of  the  same  kind  of  deoompoaition.  Again 
it  has  been  diown  by  Wanklyn  (Chem.  Soc  Q.  J.  zi.  103),  that  sodium-ethyl 
snljected  to  the  action  of  carbonic  anhydride  is  conyerted  into  propionate  of  sodinm : 

C«H».Na  +  C0«  «  (C«H».CO).Na.O ; 


Sodium- 
MhyL 


Propionate  ortodlam. 


and  in  like  manner,  acetate  of  sodium  may  be  prepared  from  sodinm-methyl. 
Lastly,  many  organic  compoonds,  snch  as  sogar,  starch,  alcohol,  and  acetone,  vhich 
are  conyertible  into  acetic  add  br  oxidation,  may  also,  nnder  the  influence  of  chlorine, 
or  bromine,  be  converted  into  bodies  belonging  to  the  methyl-series,  via.  chloroform, 
<XHC1').C1,  and  bromoibrm,  C(HBr^.Br.  It  must  be  observed,  however,  that  the 
representation  of  acetic  add  as  a  methyl-compound  applies  chiefly  to  a  state  of  transi- 
tion, just  as  the  add  is  being  produced  firom  or  conyerted  into  a  body  belonging  to  a 
different  series,  and  ezhibitii^  oiffierent  chemical  relations ;  so  long  aS  we  are  concerned 
with  the  transformation  of  one  acetyl-compound  into  another,  such  as  that  of  acetic 
add  into  chloride  or  bromide  of  acetyl,  or  of  the  chloride  into  acetic  anhydride,  the 

formula  Kv^  ^  suffident  for  the  representation  of  all  the  changes  which  taike 

place. 

The  hydrogen  in  acetyl  may  be  partly  or  wholly  replaced  by  other  elements,  viz. 
ehlorine,  bromine,  &c ;  and  hence  arise  the  conjugate  or  derivatiye  radides,  bromacetylf 
ekloraeeiyli  &&,  which,  Hke  acetyl  itsd^  are  hypouetical,  not  havins  yet  been  isolateid. 
The  following  table  exhibits  a  penend  view  of  the  compounds  <n  acetyl  and  of  the 
radides  deriyed  from  it  by  substitution. 


Bromide  of  Aoetyl 

Chloride 

Iodide 

Hydride 

Hydrate 

Oxide 

Peroxide 

Sulphydrate 

Sulphide 

Nitrides 


Hydrate  of  Bromaoetyi    . 

Nitride  •        •        • 

Hydrate  of  Difaromacetyl 

Nitride   •        .        •        • 

Hydride  of  Tribromaoetyl 

Hydrate  of  Chloraoetyl    . 

Nitride    .... 

Chloride  of  Trichloracefyl 

Hydride 

Hydrate .        .        •        . 

Nitride  .        •       •       • 

Phosphide 

Hydntte  of  lodacetyl       • 

Nitride  .... 


Hydrate  of  Di-iodacefyl  . 
Nitride  ... 

Hydride  of  Tri-iodacetyl. 

Bromide  of  Acetyl.   C*HH) 


C"HK).Br 
CH'O.Cl 
C«H»O.I 
C«H»O.H 
C«HH).H.O 
(C*H»0)«.0 
C*HK).0 
C»H"0.H.8 
(C»H»0)«.S 
'C«H>O.H«.N 
(C«H«0)«H.N 
,(?H»O.C«H*.H.N 

&C. &c 

C«H*BrO.H.O 

CH'BrO.H'.N 

CHBi'O.H.O 

C*HBr«O.H«.N 

C«BrH)JE[ 

C»H*C10.H.O 

C*HK310.H*.N 

CH31«0.C1 

CH31«0.H 

CKn«O.H.O 

C«a«O.H«.N. 

CH31H).H«.P. 

C«H*IO.H.O 

qwio.H«.N 

C*HPO.H.O 

C«HI«O.H».N. 

C^«O.H. 


Aldehyde 
Acetic  add 
Acetic  anhydride 

Thiaceticadd 
Thiaoetie  anhydride 
Aoetamide 
Biacetamide 
Ethyl-acetamide 

Bromacetic  acid 

Bromacetamide 

Bibromacetic  add 

Dibromacetamide 

Bromal 

Chloracetic  acid 

Chloracetamide 

Chloraldehyde 

Chloral 

Trichloracetic  acid 

Trichloraoetamide 

Trichloracetyphide 

lodacetic  acid 

lodacetamide 

Di-iodacetic  add 

Di-iodacetamide 

lodal 


.Br. — ^Prepared  by  slowly  adding  glacial  acetic  add  to 
peatabrDmide  of  phosphorus  in  a  tubulated  retort,  distilling  and  rectifying : 

0«H«O.H.O  +  PBr»3r«  -  C«H»03r  +  HBr  +  PBr»0. 

It  is  a  eolourless  liquid,  boiling  at  Sl^'.  "When  exposed  to  the  air,  it  fbmes  stronglj 
and  immediatdy  turns  yellow.  It  colours  the  skin  yellow,  and  is  said  to  impart  to  it 
the  odour  of  phosphuretted  hydrogen ;  but  this  must  arise  from  impantj.    Watar 
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deoomposat  it  into  acetic  and  hydrobromic  adds.  (Bitter,  Ann.  Cb«  Phazm.  xcr. 
909.) 

Chloride  of  Acetyl.  CH'O.GL — ^Produced  bj  the  action  of  ozychloride  of  phot- 
pfaonia  on  acetate  of  potaasium : 

8{C»HH).K0)  +  POa«  «  3Cra«0Ca  +  PO«K«  ; 

or  in  the  same  manner  as  the  preceding  oomponnd,  by  dJHtilling  glacial  acetic  acid  with 
pentachlozide  of  phosphoruB : 

C«H"O.H.O  +  PCl».a«.  -  C?HH).C1  +  HQ  +  pa"o. 

Oerhardt,  who  diacoTered  thia  corapoond  (Ann.  Ch.  Phya.  [3]  zzzriL  294),  pn- 
parad  it  by  adding  oxychloiide  of  pboaphoma,  drop  by  drop,*  to  itued  acetate  of 
potaasium.  A  briak  action  then  takea  place,  and  sufficient  heat  is  produced  to  cause 
the  chloride  of  acetyl  to  distil  oyer  into  the  reoeiyer,  which  must  be  well  cool<vL  The 
distillate  may  be  fr«ed  from  excess  of  oi^chloride  of  phosphorus  by  re-distillation  oyer 
acetate  of  potassium,  then  distilled  by  itselil  and  the  liquid  which  passes  oyer  at  66^ 
collected  apart  The  re-distillation  oyer  acetate  of  potaasium  is,  howeyer,  attended 
with  8<»ne  loas,  in  consequence  of  the  formation  of  acetic  anhydride. 

c*H»o.a  +  c«H«o.KO  -  (cnpoyo  +  Ka 

For  this  reason.  Bitter  recommends  the  preparation  of  chloride  of  acetyl  by  the  action 
of  pentachloride  of  phosphorus  on  glacial  acetic  acid,  the  product  bemg  thereby  ob- 
tained in  larger  quantity  and  more  easily  purified. 

Chloride  of  acetyl  is  a  colourless,  yeiy  mobile,  strongly  refracting  liquid,  of  speciilo 
grayity  1126  at  IP,  1-1306  at  0®,  and  1-1072  at  l&>  (Kopp).  Bofls  at  56^.  Vapour- 
density,  2*87  (Gerhardt) :  by  calculation  (2  yoL)B2'718.  Itfrtmes  slightiy  in  the  air, 
and  has  a  pungent  odour  like  that  of  acetic  and  hydrochloric  acid.  The  yapour  at- 
tacks the  eyes  and  respiratoiy  organs  yezy  stron^y. 

Chloride  of  acetyl  is  decomporod  with  ezplosnre  yiolence  by  water,  yielding  acetic 
and  hydrochloric  acids : 

C^H*OCl  +  H*0  »  C«H*0«  +  HQ. 

Ammonia  acts  strongly  upon  it,  farming  acetamide : 

CTH«0.C1  +  H»N  -  C*H»O.H*.N  +  HCL 

Similarly  with  phenylamine,  it  forms  phenylacetamide  CH'O.CH'.H.K.  Distilled 
with  acetate  of  potassium,  it  yields  acetic  anhydride : 

C«HH).K.O  +  C«H»0.a  -  (C»HK))«0  +  KCl ; 

and  with  bemoata  of  potassium  it  forms  benzoate  of  acetyl  or  acetate  of  benzoyl : 

Cn^OJLO  +  C«H»0.a  -  C»H»0.C^«0.0  +  KCI  ; 

and  similarly  with  the  salts  of  other  adds.  With  thiacetate  of  lead,  it  forms  chloride 
of  lead,  and  probably  also  thiacetic  anhydride : 

(C«H»OS)»Pb"  +  2C«H«0a  -  2(C«H«0)«8  +  Pb'Cl*. 

When  it  is  heated  with  zinc  in  a  sealed  tube,  the  metal  is  strongly  attacked ;  and  a 
black  tarry  substance  is  formed,  from  which  water  dissolyes  chloric^  of  zinc,  and  sepa- 
rates a  liquid  haying  an  ethereal  odour. 

Hydride  of  Acetyl.    See  Aijibstdb. 

Iodide  of  Acetyl.  C*H'O.I. — Obtained  by  the  action  of  iodide  of  phosphorus  on 
acetic  anhydride  (Guthrie,  Phil.  Mag.  [4]  xir.  183),  or  on  acetate  of  potassium ; 
(C  a  hours,  Compt  rend.  zliy.  1253).  After  being  shaken  up  with  mercuir  and  re- 
distilled, it  forms  a  transparent  colourless  liquid,  of  sp.  gr.  1*98  at  17^.  It  boils  at 
108^  (Guthrie);  between  104^  and  106®  (Cahours^.  It  fWes  strongly  in  the  air, 
has  a  yeiy  pungent  odour,  and  an  intensely  sour  caustic  taste. 

Iodide  of  acetyl  is  partially  decomposed  by  distillation.  Water  decomposes  it  with 
▼iolence,  forming  hydriodic  and  acetic  adds.  It  acts  strongly  upon  alo^ol,  forming 
acetate  of  ethyL  It  is  decomposed  by  zinc  and  by  sodium  at  ordinaiy  temperatures, 
also  by  mercuiy  in  direct  sunshine,  iodide  of  mercuiy  being  formed,  and  httie  or  no 
permanent  gas  being  giyen  off. 

Peroxide  of  Acetyl  C'H*0.0. — Disooyered  byBrodie  in  1868  (Proceedinn  of 
the  Boyal  Sodety,  iz.  361.)  It  is  obtained  by  mixing  acetic  uihydride  and  peroidde  of 
barium,  in  eqniyalent  |m>portions,  in  anhydrons  ether.  Hie  mixture  must  be  effected 
yeiy  graduaUy,  as  it  is  attended  with  great  eyolution  of  heat  The  products  ate 
aeetat<e  of  banum  and  peroxide  of  acetyl,  the  latter  remaining  dissolyed  in  the  ether : 

S(C«H«0)H)  +  BaO«  »  (C«H«0«)«Ba*'  +  2(C«H»0.0). 
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The  ethereal  fldlution,  ttfter  filtration  from  the  acetate  of  barinm,  i«  careWly  distilled 
at  a  low  tempentQie,  and  the  remaining  liqoid  is  washed  three  or  four  times  with 
water  till  the  wash-water  ceases  to  be  acid.    The  residue  is  peroxide  of  aoetrl 

It  is  a  viscid  liquid,  extremely  pungent  to  the  ta8t^  the  smallest  portion  placed  upon 
ikt  tongue  bumintt  like  cayenne  pepper.  It  is  a  powerful  oxidising  agent,  and  hi^y 
explosive :  a  dropTieated  on  a  watck-glaM  explodes  with  a  loud  report,  shivering  the 
glass  to  atoms.  jBarytapwater  poured  ujpon  it  is  instantly  converted  into  peroxide  oi 
barium,  with  formation  of  acetate  of  banum. 

Acetyl'Urea.    (See  Ubbas  (Compound)  and  Gabbavids.) 

JLOaTTUnra.    (See  Addbxtoa,  p.  1111.) 

AOSrr&OVII  aczd.  A&l>aBTBZO  AOtn.  Lamoie  cM,  Etkerie  aeid. 
An  add  supposed  to  be  produced  by  the  slow  combustion  of  ether  or  of  alcohol, 
and  under  certain  circumstances  by  the  oxidation  of  aldehyde.  When  ether  is 
repeatedly  distilled,  or  allowed  to  fSUl  in  successive  drops  on  a  solid  body  heated  to 
about  129®,  so  that  its  vapour  may  come  in  contact  with  the  air  at  a  high  temperature, 
a  disagreeable  pungent  ocUntr  is  produced,  supposed  to  be  that  of  aldehydic  aad.  The 
compound  poeseesing  this  odour  is  formed  in  larger  quantity,  when  a  spiral  of  fine 
platmum  wire,  previously  heated  to  redness,  is  suspended  over  a  basin  containing 
ether,  and  the  whole  covered  with  a  bell-jar.  The  wire  tiien  continueg  to  glow,  the 
ether  undergoing  a  slow  combustion  without  flame,  and  an  acid  liquid  is  formed, 
which  runs  down  the  sides  of  the  beU-jar,  and  may  be  collected  in  a  vessel  placed 
below.  This  liquid  is  colourless,  has  a  very  sour  taste,  and  gives  off  a  pungent  vapour 
whidh  excites  tears,  and  causes  great  oppression  when  inhaled.  The  same  compound 
is  obtained,  according  to  Liebig,  by  heating  oxide  of  silver  with  aqueous  aldehyde ; 
part  of  the  silver  is  then  reduced,  while  the  other  portion  remains  in  solution  in  the 
torn  of  a^tylite  of  silver,  and  by  decomposing  this  silver^salt  with  sulphuretted 
hvdroffen,  the  acid  may  be  obtained  in  the  free  state.  It  is,  however,  very  liable  to 
decompose,  as  also  are  its  salts.  When  the  saver-salt  is  boiled  with  baryta-water, 
silver  Sreduced  and  acetate  of  barium  remains  in  solution. 

4C«H»AgO  +  2BaH»0«  -  (C«HH))«Ba  +  (C«H»0*)«Ba  +  iAg  +  2H«0. 

AldehTdateof      Hydrate  of         Aldehvdnte  Acetate  of 

stWer.  Darium.  of  barium.  barium. 

Gerhardt  (Trait6  i.)  is  of  opinion  that  the  so-called  aldehydic  or  acetylous  add  is 
merely  a  mixture  of  aldehyde  and  acetic  add,  the  aldehydate  or  ace^liteof  silver  being 
in  fact  merely  aldehyde  in  which  1  atom  hydrogen  is  replaced  by  silver. 

ACBZU^SA  MZ&I^Bro&ZVM  (Millefoil,) — The  ash  of  this  plant  has  been 
analysed  by  Way  and  Ogston.  100  parts  of  the  dry  h^b  left  13*45  per  cent,  ashes  con- 
taining in  100  parts  3037  parts  of  potash,  13*40  lime,  301  magnesia,  0*21  seaquioxide  of 
iix>n,  2*44  sulphuric  anhydride,  9*92  silica,  9*36  carbonic  anhydride,  7*13  phosphoric 
anhydride,  20*49  chloride  of  calcium,  and  3*63  chloride  of  sodium. 

ACBZab&SIO  ACZB.  An  add  said  to  exist  in  millefoil  (Achillea  MUUfoUum). 
It  crystallises  in  colourless  prisms,  soluble  in  2  parts  of  water  at  12^  '6.  With  the 
alkalies  it  forms  salts  which  are  easily  soluble  in  water,  but  sparingly  in  aloohoL  The 
solutions  are  precipitated  by  neutral  acetate  of  lead,  whereas  the  firee  add  is  precipi- 
tated by  the  basic  acetate  only.  The  potassium,  sodium,  and  calcium  salts  are  <^s- 
tallisable :  the  ammonium  and  magnesium  salts  dry  up  to  amorphous  masses.  The 
quinine  salt  is  said  to  be  obtained  in  fine  crystals  grouped  in  stan,  when  its  aqueous 
solution  is  mixed  with  alcohol,  then  boiled  and  left  to  cool  slowlv  (Zanon,  Ann.  Ch. 
Fharm.  Iviii  31).  Neither  the  add  nor  its  salts  have  been  anamed.  Ia.  Gmelin, 
(Handbook,  x.  207)  sumested  tiiat  this  add  might  be  impure  maue  add.  According 
to  Hlasiwets  (J.  pr.  %em.  IxiL  429)  it  is  aconitic  add. 

ASXMXMMSMXm  A  bitter  substance  of  unknown  composition,  extracted  bv  Zanon 
ftom  millefoiL  It  forms  a  hard,  yellowish  brown  extract,  having  a  peculiar  odour  and 
bitter  taste,  easily  soluble  in  water  and  in  boiling  alcohol,  sparingly  in  oold  alcohol 
and  insoluble  in  ether;  but  on  treating  it  with  a  few  drops  of  any  add,  it  becomes 
easily  soluble  in  ether;  it  dissolves  ako  in  ammoniat  It  is  said  to  be  useful  as  a 
remedy  against  fever. 

▲OBZ&ZTB.    (See  Bioptasb.) 

ACSmTBi  A  mineral  first  distinguished  by  Strom.  It  hss  a  brown-black  or 
red-brown  colour  on  the  outdde,  blackish  or  dark  greyish  green  on  the  fractured  sup- 
&ees;  in  liiin  fragments  it  is  translucent,  and  exhibits  a  yeQowish-brown  colour. 
Sp.  gr.  3*43  to  3*53.  Saratches  elass.  Melts  to  a  black  bead  before  the  blowpipe. 
It  crystallises  in  oblique  four-dded  prisms  with  truncated  lateral  edees  and  very 
sharp  fonrnrided  terminal  faces,  the  edtges  of  which  correspond  with  the  lateral  edgei 
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of  Um  oblique  priBm.  It  has  four  cleavagos,  two  parallel  to  the  sides  of  the  oblique 
prism,  and  the  other  two,  leas  obvious,  parallel  to  the  truncations  of  the  acute  lateral 
edges.  Aoeotding  to  the  analyses  of  l&rselius  and  Rammelsbeig,  its  composition  is 
NaOMC^  +  F^C^.^aiC^  («  -  21-6.  0-8;  Fe  ^  28)  or  2NaH5.2SiO«  + 
2(Fe«0«.3SiO«)  (Si  -  28 ;  0  -  18  ;  Fe  -  66).  It  occurs,  though  rarely,  embedded 
in  granite  at  Eger,  and  in  syenite,  near  Pongund  in  Norway. 

A  name  giren  to  the  colourless  Tariety  of  tourmalin. 


A  name  giren  by  Breithaupt  to  a  doubtfdl  mineral, 
hitherto  found  only  in  decomposed  crystals  (trigonal  dodecahedrons)  which  occur  in 
assodadon  with  yeeuyian  from  Vilui  (viluite) :  uey  are  perhaps  deriyed  firom  helvin. 


AlOamjOimXDimm  JLCZCB&OSZBBS*  &c.  (See  Oxtbboxxdbs,  Oxtchlobidks, 

AOXdnUTSi  (Acicular  Siamuth,  Nudie  are.)  A  natiye  sulphide  of  bismuth, 
containing  also  sulphides  of  copper  and  lead.  The  formula  asaignea  to  it  by  Dana  is 
(SCuS  -f  Bi*S*)  +  2(3FbS  -¥  Bi^S"),  showing  it  to  be  analogous  to  Boumonite,  with 
which  it  is  isomorphous. 

It  oecnzs  embedded  in  white  quarts,  and  accompanying  gold,  at  Beresof^  in  Siberia. 

JLCXDZMSniT.  The  determination  of  the  quantitj  of  real  add  in  a  sample  of 
hydrated  acid,  is  a  problem  of  frequent  occurrence,  both  for  acientific  and  for  technical 
puipases.  As  the  specific  ^rity  of  a  mixture  of  add  and  water  always  increases 
with  the  proportion  of  acid  present,  and  as,  moreover,  a  certain  specific  gravity 
always  corresponds  to  a  certain  strength,  provided  no  foreign  substances  are  present, 
it  follows  that  if  the  spedfic  gravity  corresponding  to  each  particular  percentage  of 
real  add  has  once  be^  accurately  determined  and  tabulated,  the  strength  of  any 
given  sample  of  aqueous  add  may  always  be  determined  by  taking  its  specifie  gravity 
and  refemng  to  the  tables.  (See  Sttlfhubic,  Nitbio,  Htdbochlobio  Acm,  &c)  This 
method  is  in  fact  much  used,  the  densitv  being  generally  taken  with  the  spedfic  gravity 
bottle  for  sdentiflc  puiposes,  and  witn  the  hydrometer  for  commercial  estimations. 
This  method,  however,  necessarily  supposes  that  the  add  is  pore ;  the  presence  of  any 
forei^  substance,  such  as  nitrate  of  sodium  in  nitric  add,  cream  of  tartar  and  ex- 
tractive or  oolonring  matter  in  vinegar,  &c  would  altc^ther  destroy  the  accuracy  of 
the  result.  Moreover,  in  some  adds,  Uie  spedfic  gravity  varies  so  httle  for  consider- 
able difference  of  strength,  that  a  very  slight  inaccuracy  of  observation  entails  a  large 
error  in  the  result.  In  acetic  add.  for  example  (p.  11),  an  increase  of  strength  amount- 
ing to  1  per  cent,  produces  on  the  average,  an  increase  of  density  not  exceeding 
0*0034.  For  these  reasons  it  is  essential,  especially  for  technological  ^urjxMes,  to  adopt 
some  read^  and  exact  method  of  determining  the  strength  of  an  acid,  independently 
of  its  specific  sravity . 

The  atrengu  of  an  add  mav  be  estimated : 

a.  By  Volumetric  aiudytU^  that  is  by  ascertaining  the  measured  quantity  of  a  standard 
alkaline  solution  required  to  saturate  a  given  volume  oX.  the  add.  (See  Analysis,  Volu- 

VBTKia) 

6.  By  Weight  analjfsis.  This  mode  of  estimation  might  be  inducted  in  various 
ways :  for  instance,  by  converting  a  given  quantity  of  the  hvdrated  add  into  a  neutral 
salt  of  potassium,  sodium,  barium,  kad,  silver,  &c  dther  by  saturation  or  predpita- 
tion,  weighing  the  salt  thus  formed,  and  calculating  the  quantity  of  add  from  its 
known  compodtion.  This  method  is  indeed  constantly  adopted  in  sdentific  chemistry ; 
but  is  for  the  most  part  too  tedious  for  technical  puiposes.  A  quicker  method  is  to 
decompose  a  known  weight  of  the  add  with  an  excess  of  add  caroonate  of  sodium  or 
potassium,  and  estimate  by  weight  the  quantity  of  carbonic  anhydride  evolved.  The 
quantity  of  real  add  in  the  sample  of  hydrated  add  is  then  easily  calculated ;  for  eadi 
atom  of  a  monobasic  add,  expels  1  atom  of  carbonic  anhydride  (CO*  «■  44,)  and  eadi 
atom  of  a  dibasic  add  expels  two  atoms  of  carbonic  anhydriae  (200*  «  88) :  this 
will  be  seen  from  the  following  equauons : 

For  hydrochloric  add : 

CO«NaH  +  OH  «  GlNa  +  C0>  -i-  HK). 
CO'  :  CIH  -  44  :  36*6 

For  aoetio  add : 

CO^aH  +  CBWM  -  <?HK)«.Na  +  CO"  +  ffO 
CO*  :  (?HH)*M  -  44  :  60 
For  sulphuric  add : 

2C0nyaH  +  SO«H»  »  SO«Na«  +  2C0«  +  2H«0 
2C0'  :  SO^H*  -  88  :  98  -  44  :  49 

Suppose,  for  example,  that  13*6  grm.  of  hydrated  sulphuric  add  thus  txeated  with 
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«(jd  catbMwto  et  ndloiii,  elimliuto  1-4  gnin*  of  carbonla  aalijdrida.  Hia  qiuntily 
Cf  nU  aad  (SO*H^  in  the  12-a  grm.  ii  than  1-t  ■  ^  -  1-4T  grm.  utd  tbi 
qouili^  of  Mai  add  in  100  porta  of  the  hjdiBted  add  will  be  giten  bj  the  equation : 
.  -  W7   -    1^,  -  108». 


Fig.X. 


cork  porfarated  with  two  hole*.  Into  one  of  theae  spertona  ii  flttsd  a  bent  tube  a,  tarrj- 
Ing  11  drying  tnba  b,  filled  with  chloride  of  eilciom,  and  into  the  Othei,  ■  namnr  tobe  e, 
reaching  neerl;  to  the  tuiface  of  the  liquid,  and  bent  at  an  obtuse  angle  abore  the 
eoik.  A  convenient  qnactitr  of  the  add  whose  atrength  ia  to  be  detcmined.  having 
bees  weighed  ont  in  the  fluk.  a  qoantitv  of  iicid  csrtaiaBte  of  lodium  or  potmiBm 
noi^.than  aniBdent  to  nentraliie  the  acid,  i(  placed  in  >  imiill  t«et-tnba  about  ma  inch 
lon^  *nd  having  iU  lip  etightJ;  tumod  over,  ao  tbit  it  maj  be  mupended  bj  a  thread. 
Thu  tabe  ■■  thai  let  daim  into  the  flaak  hj  the  thread,  but  not  low  enoogh  to  coma 
in  contact  with  the  add :  the  thread  ia  fixed  in  its  place  br  inserting  the  ec«  into  tlie 
D«ek  of  the  flask,  and  the  whole  apparatiu  is  weighed.  The  orifice  of  the  bent  tube  c, 
is  then  dosed  with  a  plug  of  ixA  or  wax,  the  cork  of  the  flsak  loosened  aufficientlj  to 
allow  the  short  tube  t,  containing  the  alltuline  carbcoHte 
to  drop  into  the  add,  and  the  cork  immediatdj  tightened. 
The  carbonate  is  now  decomposed  \iy  the  add,  and  carbonis 
anhydride  eecapea  throogb  the  diying  tube,  the  chloride  of 
calciom  retaining  anj  moisture  that  msj  be  carried  along 
>  with  it.  Whan  the  efferveacesce  ceases,  the  flask  must  b> 
'  waitned  to  enaure  the  complete  removal  of  the  carbonic 
acid  from  the  liquid,  and  after  it  ha*  cooled,  the  plug  most 
be  removed  from  the  bent  tube  c,  and  air  dnwn  through 
the  apparatus  by  appljing  the  mouth  to  the  extremity 
of  the  chloride  of  eakinm  tube,  in  order  to  remove  all  ttia 
:Carbonia  anhydride  lemaimng  in  the  fiaak,  and  replace  it 
'bj  air.  The  whole  is  then  again  weighed,  and  the  loss  of 
Iweigfat  givea  the  qnanti^  of  carbonic  anhjdiida  which  baa 
escaped.  At  the  completion  of  the  experimenti  a  piece  of 
blue  Ltmna  paper  moat  be  thrown  into  the  liquid  in  the 
flask ;  if  it  remains  bine,  the  determination  may  be  con- 
sidered exact :  but  if  it  is  reddened,  there  ia  itilf  free  add 
in  the  fiaak,  showing  that  the  quantitj  of  carbonate  iiitra- 
>t  snffldent  to  decompose  it.  In  that  case,  a  second  small  tube  containing 
bonate  must  he  introduced  as  before,  the  a[q)aistua  again  weighed, 
Mid  the  whole  ptoceaa  repeated.  The  second  loss  of  weight  added  to  the  first,  give* 
&B  total  quantitj  of  caxbomc  auhydride  evolved. 

Another  form  of  apparatus  for  these  eetimations,  devised  by  WiE  and  Fitaeoins,  is 
riuwn  inj^,  3.  A  and  b  are  two  small  fiuska,  having  strong  necks  tomed  met  in  • 
lip.  Each  of  them  is  dosed  witb  a  tigbt-fitting 
cork  pierced  with  two  holes.  Through  the  eork  of  a 
there  pasaea  a  atraiaht  tnbe  a,  reaching  nearly  to 
the  bottom  of  the  £uik ;  a  tube  c,  bent  twice  at 
right   angles,   passes  through  both   oorkii  t 
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aleo  passes  through  the  cork  of  B.  tenmnating  just 
below  it.  The  tuba  a  is  closed  at  the  extremity  b 
with  a  plug  of  wax.  The  acid  to  be  estimated  is 
weighed  oat  in  the  fiaek  a  ;  the  other  flask  a  is  filled 
to  about  one-third  with  strong  sulphuric  add;  and 
(he  whole  apparatus  is  connected  in  the  manner 
,  shown  in  the  figure,  the  proper  quanti^  of  add  car- 
'  late  of  sodium  being  introduced  into  A  in  ■ 
rt  test-tube,  suspended  by  a  thread  in  the  manner 
deairibed  with  the  former  apparatus.  The  whole 
apparatus  is  then  weighed,  the  cork  a  loosened,  so 
ai  tn  allow  the  tube  conUinint;  the  carbonate  to  fall  into  the  add,  and  the  cork  ua- 
nediatdy  secured.  Carbonic  anhydride  is  now  evolved,  and  ii  obliged  to  pass  through 
the  lulphario  acid  in  b,  whereby  it  is  completely  dried.  As  soon  as  gas  ceases  to 
metfo,  die  flask  a  is  immersed  in  water  at  sbont  6(1°  or  B0°  C.  till  the  frail 
mduliiai  of  gaa  tlmeby  occasioned   ceases.    The  wax-plug   is   then   loosened,  to 
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pterent  tfa«  talpliiirie  add  in  b  from  beiii|g;'  forced  into  a,  in  oooseqiience  of  diminished 
preMnre  in  that  Teasel;  the  apparatus  is  remoyed  from  the  hot  water;  aod  air  is 
socked  through  the  tube  d  as  long  as  any  taste  of  carbonic  acid  is  perceived.  Lastly, 
the  apparatus,  when  qnite  ecdd,  is  re-weighed,  and  the  loss  of  weight  giyes  the  quantity 
of  carbonic  anhydride  evolTed. 

This  apparatus  is  much  heaYisr  and  more  bulky  than  that  before  described,  and 
does  not  appear  to  possess  any  adrantage  oyer  it.  Mohr  points  out,  as  a  source  of 
inaccora^  m  its  use,  that  the  large  surface  of  the  two  flasks,  being  heated  durinp^  the 
experiment,  is  not  likely,  on  cooling,  to  condense  exactly  the  same  quantity  of  moisture 
as  was  attached  to  it  before. 

It  is  of  the  utmost  importance  that  the  add  carbonate  of  sodium  orpotasdunv  ^ued  in 
these  determinations,  be  <^uite  pure  and  free  from  neutral  carbonate.  Tke  add  carbonates 
giye  a  white  predpitato  with  chloride  of  mercury,  and  the  neutral  carbonates  a  red>brown 
predpitato ;  but  this  test  will  not  indicate  the  admixture  of  a  small  quantity  of  neu- 
tral carbonate  with  the  add  carbonate.  A  more  certain  test  of  purity  is  to  weigh  out  two 
equal  portions  of  the  add  carbonate,  ignite  one  in  a  platantim  crudUe,  and  determine  the 
quantity  of  carbonic  anhydride  given  off  from  the  other  by  the  action  of  the  acid  in  the 
apparatus  represented  in  Jig.  2  (See  AucAmiBTBT).  The  quantity  of  neutral  carbonate 
of  sodium  remaining  after  the  ignition  should  be  to  that  of  the  carbonic  anhydride 
eyolyed  as  1 06  to  44 ;  and  that  of  the  nentnd  carbonate  of  potassium  to  the  carbonic  an- 
hydride as  138  :  44. 

If  the  add  carbonate  is  not  pure  enough  to  give  a  white  predpitete  with  chloride  of 
mercury,  it  should  be  at  once  rejected.  Commotnal  add  carbonate  of  sodium,  which  will 
stand  wat  test»  may  be  further  purified  by  triturating  it  to  a  uniform  powder,  covering 
it  with  an  equal  weight  of  cold  distilled  water,  leaving  it  for  24  hours,  then  washing 
it  cwo  or  three  times  on  a  filter  with  a  small  quantity  of  cold  water,  leaving  it  to 
drain,  and  drying;  it  by  exposure  to  the  air  without  heating.  Add  carbonate  of  potaadum 
may  be  purified  by  reciystallisation.  (For  fhrther  details  on  Addimetry,  see  Dio- 
Uonary  ofArU,  MitnufactureB^  and  Mines^  new  edition,  voL  i.  p.  23.) 

AJOSDBm    Salte  of  hydrogen.    The  following  properties  are  common  to  the  most 

important  acids, — 

1.  Solubility  in  water. 

2.  A  sour  tastCb    (In  those  adds  which  possess  the  most  strongly  marked  characters, 

this  property  can  be  percdved  only  after  dilution  mm  a  large  ^piantity  of 
water.) 

3.  The  power  of  reddening  most  organic  blue  and  violet  colouring  matters  (for  ex- 

ample^ litmus),  and  of  restoring  the  original  colour  of  substances  whidi  have 
be«i  altered  by  alkalis. 

4.  The  power  of  decomposing  most  carbonates,  causins  effervescence. 

5.  The  power  of  destroying;  more  or  less  completdy,  uie  characteristic  properties  of 

alkalis,  at  the  same  time  losing  their  own  distinguishing  characters,  and 
forming  alkaline  salts. 

The  last  is  Hxe  only  one  of  these  poperties  which  can  be  conddered  essential  to 
adds ;  indeed,  comparatively  few  adds  possess  them  alL  Moreover,  there  are  many 
substances  whidi  possess,  in  a  greater  or  less  degree,  all  these  properties,  but  which 
are  never  indudea  among  adds;  of  these  it  will  besuffident  to  mention  alum  (sulphate 
of  potasdum  and  aluminium).  Alum  is  solnble  in  water ;  ite  solution  has  a  taste 
which,  though  not  purely  sour,  approaches  much  more  nearly  to  sourness  than  that  of 
many  adds  (benzoic  add,  for  example) ;  ite  solution  also  reddens  litmus,  causes  brisk 
effervescence  with  alkaline  carbonates,  and  neutralises  completdy  the  alkalinity  of 
potash  or  soda,  forming  an  alkaline  sulphate. 

In  order  to  get  a  more  exact  idea  of  what  it  is  which  essentially  constitutes  additv, 
it  may  be  usenil  to  condder  briefly  the  opinions  which  have  succesdvdy  been  hdd 
upon  the  subject  by  the  chemisto  of  past  times. 

In  ordinary  language,  acid  is  equivalent  to  aour;  and  in  both  Greek  and  Latin,  the 
idea  of  "  sourness  "  was  expressed  by  almost  the  same  word  as  that  used  for  "vinegar," 
the  only  add  known  to  the  andents  (thus,  Gr.  d(vf,  sour;  (las,  vinegar:  Lai.  aadus, 
sour ;  acetum^  vinegar).  It  does  not,  however,  appear  that  very  great  importance  was 
at  any  time  attached  to  sourness  as  a  characteristic  of  acids  from  a  chemical  point  of 
view.  The  number  of  known  adds  was  first  increased  by  the  labours  of  the  Arabian 
chemisto  * ;  and  the  solvent  power  which  many  of  them  exert  on  substances  whidi 
are  insoluble  in  water,  seems  first  to  have  caused  them  to  be  regarded  as  a  special 
class  of  substances.    Thus,  Geber  (middle  of  the  eighth  century),  who  was  acquainted 

*  AlimMt  All  the  Mstoricml  ftatemenU  conUinrd  in  thli  artfcle,  for  which  no  reference  ii  gifea,  art 
Made  OD  the  uttbority  of  K o  p  p ,  **  Qeschlchte  der  Chrmie,"  4  volt.  8to.    Brunswick,  1841-  47. 
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with  nitric  acid  and  with  an  impure  land  of  ralplmric  add,  apeaka  of  thaae  bodies 
under  the  common  name  of  aqua  dUsolutitfa,  The  idea  of  conoBiTeneaa,  or  at 
least  a  kindred  idea,  which  may  perhaps  be  ezpreased  with  tolerable  aecnia^  as  that 
of  chejnical  actinity^  seems  to  hare  been  long  connected  by  chemists  with  the  idea  of 
acidity.  For  example.  Van  Helmont  (U^ed  1577  to  1644^  attributed  the  actiro 
properties  of  qnick-lime  to  a  peculiar  acid,  which  he  supposed  limestone  to  obtain  from 
the  fire  during  burning.  Stahl  (lived  1660  to  1734^  who  supposed  the  earths  and 
alkalis  to  have  the  same  qualitatiye  composition  (see  Art.  Atjcatj),  represented  the 
alkalis  as  containing,  in  larger  proportion  than  the  earths,  an  add  prindple  to  which 
they  owed  their  greater  chemiod  activity;  and  even  as  lately  as  1764,  a  similar  idea 
to  that  of  Van  Hdfmont  was  applied  by  M  ey  er  to  explain  a  li^ge  number  of  |)henomena. 
This  chemist  endeavoured  to  explain  the  different  properties  of  the  caustic  and  car- 
bonated alkalis  and  alkaline  earths,  by  supposing  the  former  to  be  combinations  of  the 
latter  with  a  substance  which  he  called  aeidum  pm^ue  (&tty  add),  because,  as  he 
thought,  fat-like  properties  could  beperedved  by  the  sense  of  touch  in  its  oombinationa 
with  alkalis  (caustic  sikalis).  The  idea  that  oonodveness  is  the  most  important  cha- 
racteristic of  acids,  was  also  plainly  uppermost  in  the  mind  of  Lemery,  when  (1676) 
he  attributed  the  properties  of  ad&  to  a  shazp-pointed  form  of  their  smallest  partides. 

That  the  properties  of  adds  are,  in  some  important  respects,  opposed  to  those  of 
alkalis,  was  perceived  at  a  comparativdy  early  period.  This  oppodtion  of  properties 
was  in  fact  tne  basis  of  the  medical  theoiy  of  the  latro^emists  (from  the  first  quarter 
of  the  16th  century  to  the  middle  of  the  17th  century).  According  to  them,  the  con- 
stituents of  the  human  body  had,  some  of  them  an  add,  the  rest  an  alkaline  nature ; 
the  undue  preponderance,  or  want  of  addity  or  of  alkalinity  was  the  cause  of  disease, 
the  condition  of  perfect  health  being  a  particular  relation  between  these  two  opposing 
qualities.  Otto  Tachenius,  a  cliemist  of  this  school,  gave,  in  1668,  as  the  essenti^ 
character  of  an  acid,  its  power  of  combining  with  alkalis  to  form  salts ;  and  accord* 
ingly  he  induded  silica  among  acids.  Boyle  was  well  acquainted  with  the  properties 
wMch  are  now  considered  most  distinctive  of  adds.  He  characterised  acids  by  the 
solvent  power  which  they^  exert  on  various  substances  with  various  defl;rees  of  energr ; 
by  their  power  of  pred^itating  sulphur  and  other  substances  from  solution  in  alkaJi ; 
by  their  power  of  changing  the  blue  colour  of  many  plants  to  red,  and  the  red  of  many 
others  to  bright  red,  and  of  bringing  back  to  their  original  colour  tiiose  which  have  been 
changed  by  alkali ;  and  lastly  by  their  forming  with  alkalis  so-called  neutzal  siUts,  at 
the  same  time  losing  the  pr^>ertie8  just  mentioned.  This  enumeration  of  the  dis- 
tinctive qualities  of  adds  differs  in  no  important  respect  from  that  given  at  the  b^ 
ginning  of  this  article. 

Various  suppositions  have  been  made,  from  time  to  time,  in  order  to  account  for  the 
properties  possessed  in  common  by  the  most  strongly  marked  adds.  ]ji  order  to  un- 
derstand these,  it  must  be  borne  in  mind  that  the  distinction  which  most  chemists  are 
now  accustomed  to  make  between  adds  and  salts,  dates  onlv  from  the  time  of  La- 
voisier, that  is,  from  the  end  of  the  last  oenturv ;  and  that^  till  his  time,  adds,  alkalisi 
and  the  substances  now  by  preference  called  salts,  were  all  induded  under  the  common 
term  salte.  But  since  tne  adds  then  known  were  comparatively  few,  and,  as  was 
natural,  were  those  of  which  the  add  properties  are  most  evident,  the  apparent  dif- 
ference between  acids  and  other  salts  was  much  greater  then  than  it  is  now. 

The  first  theory  of  the  constitution  of  adds  was  proposed  by  Becher  in  his  "  Fhysica 
Subterranea,"  published  in  1669.  He  attributed  the  common  properties  of  adds  to 
their  containing  a  common  prindple  of  acidity  {aeidum  primioenium),  formed  by  the 
union  of  primitive  earth  *  and  water,  and  supposed  that  the  mstinguishing  characters 
of  each  acid  were  due  to  the  particular  substance  which  it  contained  mixied  with  tke 
primitive  acid. 

The  ideas  of  Lemery  regarding  acids  have  already  been  referred  to. 

He  was  followed  by  Stahl,  who,  in  1723,  revived  and  extended  Beeher's  theoiy. 
The  following  may  be  taken  as  a  summazy  of  Stahl's  views: — The  essential  pro- 
perties of  all  saline  substances  are:  to  afiect  the  sense  of  taste,  or  to  have  sapidity; 
to  be  soluble  in  water ;  and  with  regard  to  other  chief  properties,  such  as  specific 
gravity  and  fixity,  to  be  intermediate  between  water  and  pure  earth.  In  some  salta 
the  saline  properties  are  very  marked,  in  others  they  are  less  prominent,  and  in  some 
they  are  barely  perceptible.  Those  substances  which  are  most  saline^  adds  and 
alkalis,  have  a  great  tendency  to  combine  with  bodies  which  have  not  saline  pK>- 
perties,  and  to  impart  such  properties  to  them.  Hence  we  may  oondude  that  some 
substances  are  in  themselves  essentially  saline,  while  others  odiibit  saline  properties 
merdy  because  they  contain  a  substance  essentiaUy  saline  as  one  of  their  eonstituenta. 

*  According  to  Becher  there  were  three  primitive  earth*,  >— the  vitrtftabte,  the  eomhuitible,  and  the 
n«*rciirial, — which  were  the  cautei  retpecttveljr  of  Aitibilihr,  of  combuctibllity,  and  of  volaMlitf ;  Ihiis 
correapoodiiig  to  what  the  alchcmiUft  URderitood  bj  salt,  lulpbur,  and  mercttrf . 
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Wa  mmt  regard  ai  belonging  to  the  fozmer  dan  thoae  bodies  which  not  onlj 
pOMees  nline  propertiee  (taate,  solubility,  &c.)  bat  which  can  impart  these  properties 
to  other  bodies  bj  combining  with  them,  and  which,  when  separated  from  their 
combinations,  recoTer  their  original  qualities.  Hence,  all  adds  and  aUcaUs,  fixed  and 
volatile,  liquid  and  solid,  must  be  considered  as  essentially  saline.  But,  comparing 
these  bodies  among  themaelyes,  we  find  that  eyen  they  possess  saline  propertiee  in  rerj 
TariouB  degrees,  fi  appears,  therefore,  that  there  is  omy  a  Teiy  small  number  of  actual 
piimitiTe  salts,  or  rauier  that  there  is  only  one  such  substance,  which  is  a  constituent 
of  all  otiier  saline  bodies,  and  is  the  canse  of  their  saline  properties.  It  is  obrioua 
that  this  Bobstance  must  be  sought  among  bodies  which  most  distinctly  and  most 
inyariably  manifest  saline  properties,  and  which  are,  at  the  same  time,  most  simple  in 
their  composition.  Following  this  rule,  we  may  at  once  exclude  neutral  salts,  as  Wng 
resolvable  into  more  simple  saline  substances ;  again,  alkalis  are  more  subject  to 
alteration  and  to  loss  of  their  saline  properties  than  adds ;  they  must,  therefore,  be 
exduded.  Of  adds,  we  may  select  minenl  adds  as  the  most  energetic  Lastly,  of  all 
mineral  adds,  vitriolic  (sulphuric)  is  the  most  actiye,  has  the  greatest  solvent  powers, 
adheres  most  forcibly  to  the  matter  dissolyed,  is  the  most  deli(}uescent,  &c.  &c.  Ac- 
cordingly, adds  mnst  be  considered  as  the  basis  of  all  other  saline  bodies,  and  yitriolic 
add  as  Uie  basis  of  all  adds.  (Macquer^s  Dictionnaire  de  Chimie  [1st.  Edit  pub- 
lished anonymoudy,  Paris,  1766|  Artides  "  Adds  "  and  '*  Sd; "  Kopp,  iiL  16 ;  also 
EncydopMie,  on  Dictionnaire  raisonn^  des  Sdences,  des  Arts,  et  des  Metiers,  *  * 
mis  en  ordre  et  public  par  MM.  Diderot  et  D'Alembert,  t.  xiy.  [NeufchAtd,  1766] 
Artide  "  Sd  et  ScQs.'*    The  chemicHl  part  of  this  work  was  b^  M  al  oui  n). 

Sudi  were  the  ideas  respecting  ados  and  the  cause  of  acidity,  which,  with  unim- 
portant yariations,  were  hdd  by  almost  all  chemists  until  the  rise  of  the  antiphlogistic 
system  of  chemistry.  (See  CoMBUsnoir.)  But  before  the  downfall  of  the  older 
system,  chemists  had  begtm  to  haye  more  exact  notions  than  formerly  of  what  were 
elementary  bodies,  and  to  fed  the  necesdty  of  considering  as  dements  all  bodies  which 
they  could  not  decompose  Hence,  although  Stahl  regarded  sulphuric  acid  as  a 
secondary  prindple,  formed  by  the  union  of  the  primitiye  prindples  of  earth  and 
water,  and  the  other  acids  as  compounds  of  sulphuric  acid  with  yarious  substances^ 
many  of  the  last  upholders  of  the  phlogistic  theory  regarded  most  of  the  inorganic 
adds  aa  simple  substances.  For  instance,  phosphoric  and  sulphuric  adds  were  sup- 
posed to  be  dements  which,  when  combined  with  phlogiston,  formed  phosphoros  and 
sulphur  respectiydy.  Sulphurous  add  was  one  oi  the  few  inorsanic  adds  which  were 
reauded.  as  compounds;  it  was  supposed  to  be  sulphuric  add  combined  with  leas 
pmogiston  than  was  needed  to  convert  it  into  sulphur ;  or,  what  was  the  same  thin^ 
to  be  sulphur  depriyed  of  part  of  its  phlogiston. 

But  all  previous  ideas  about  adds  were  gradually  superseded  by  those  of  Lay  oisier. 
Haying  found,  experimentally,  that  carlwnic,  nimc,  phosphoric,  sulphurous  and  sul- 
phuric adds,  all  contained  the  then  newly-^isooyered  substance  —  oxygen  (disooyered 
August  1st,  1774),  Layoirier  conduded  mat  oxygen  was  a  constituent  of  all  acids, — 
that  it  was  the  addiQring  principle.  (Layoisier,  Traits  d^mentaire  de  Chimie 
(1st  edit.  1789),  i  69  eipoMnm;  Kopp,  L  308;  also  iii.  17.) 

He  first  proposed  this  theory  of  aads  in  1778 ;  and,  although  adds  were  known  in 
which  no  oxygen  could  be  detected,  nearly  all  chemists  continued  for  about  thirty 
years  to  consider  the  assumption,  that  addit^  was  in  every  case  due  to  the  presence  of 
orfgen,  as  a  necessary  part  of  the  antiphlogistic  doctrine.  BerthoUet,  indeed,  as  early 
as  1789,  pointed  out  tnat  hydrosulphuric  and  prussic  adds  contained  no  o:^gen;  but 
it  was  not  till  about  1810,  ^fter  Davy's  and  Gay-Lussac  and  Th^nard's  reseurches  on 
moriatic  and  oxy-muriatic  adds  (hjrdrochloric  add  and  chlorine)  that  chemists  generally 
began  to  admit  the  existence  of  adds  free  from  oxygen.  The  condudons  drawn  from 
these  exp<*riments  were  confirmed  by  6ay-Lnssac's  discovery  of  hydriodic  add  in  18 14, 
and  by  his  examination  of  prussic  add  in#  1816.  From  this  time,  most  chemists  re- 
eognised  two  classes  of  ados  —  those  containing  oxygen  (oxygen-acids),  and  those 
containing  no  oxygen  (hydrogen  acids).  Attempts,  however,  were  still  made  to  dis- 
cover a  constituent  common  to  all  acids,  to  which  their  common  properties  could  be 
ascribed.  Thus,  on  the  one  hand,  Berzelius  continued  till  1820  to  assert  the  necessary 
existence  of  oxygen  in  all  adds ;  while,  on  the  other  hand,  some  chemists  maintained 
that  all  acids  contained  hydrogen  as  an  essential  constituent. 

The  latter  opinion  was  advocated  by  Davy.  His  ideas  about  adds  appear  to  have 
been  essentially  the  following-: — ^No  one  substance  ought  to  be  regarded  as  the  addi- 
tying  prindple;  the  chemical  properties  of  acids,  as  wdl  as  of  other  bodies,  depend 
not  only  on  the  nature  of  their  constituents,  but  also  on  their  corpuscular  arrangement. 
The  so-called  hydrated  adds  are  the  only  true  adds,  and  have  a  constitution  similar 
to  that  of  their  salts.  Hydrated  chlonc  acid  is  a  ternary  compound  of  chlorine 
ojgrgeo,  and  hydrogen,  analogous  to  chlorate  of  potassium,  which  is  a  ternary  compound 
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of  eblorine,  osTgen,  and  pqtuwrinm  The  whole  of  the  osjgen  may  be  remoTed  from  the 
acid,  and  it  will  Temain  acid ;  the  whole  of  the  oxygen  may  be  remoyed  from  the  neatnd 
salt,  and  it  will  remain  nentraL  We  have  no  proof  that  in  either  of  these  bodies 
the  oxygen  is  divided  between  the  chlorine  and  tiie  other  oonstitaent,  or  that  eitiier  of 
them  contains  so-called  anhydrous  chloric  acid.  Similarly,  there  is  no  proof  that  sul- 
phates or  nitrates  contain  anhydrous  sulphuric  or  nitric  add.  Hydrated  sulphuric  and 
hydrated  nitric  acids  are  the  true  acids,  and  are  temaiy  oompoonds,  like  the  sulphates 
and  nitrates.  (Bayy,  Journal  of  Science  and  the  Arts,  L  286 — 288 ;  also  Gilbert's 
Annalen,  Ut.  377—381 ;  PhiL  Trans.  1815,  212,  213;  218,  219;  also  Eopp.) 

In  1816  Dulonff  proposed  the  theory,  since  known  as  the  binary  or  hydrogen-theoiy 
of  acids.  He  endeavoured  to  show  that  all  acids  were  similar  in  constitution  to  hy- 
drochloric acid ;  that  they  were  all  compounds  of  hydroeen  with  a  radide  which  was 
in  some  cases  simple  (as  in  hydrochloric  and  hydriodic  acids),  in  other  cases  compound 
(as  in  hydrocyanic,  oxalic,  sulphuric,  and  nitne  adds).  His  view  of  the  constitution 
of  these  adds  may  be  e^iiessed  by  the  following  fbrmube : — 

Hydrochloric  add ^(C3) 

Hydriodic jy(7) 

Hydrocyanic H(CN)  or  H{Cy) 

OxaUc S((PO*) 

Sulphuric I{(80*) 

Nitric hInO*) 

Salts,  according  to  this  theory,  were  represented  as  oomponnds  of  an  add-ndicle 
with  a  metal  instead  of  with  hydrogen ;  thus :  — 


Hydrochloric  add   .        .  H{CC) 
Chloride  of  potasdum     ,  K((X) 


Nitric  add      .        .        .  K(NO^ 
Nitmte  of  potassium        .  K  {NO^) 


Dulong's  theory  resembled  Davy's  in  so  far  as  it  restricted  the  term  acid*  to  sub- 
stances containing  hydrogen  (^drated  adds),  and  assigned  an  analo|;ous  constitution 
to  adds  and  their  salts,  but  differed  from  Davy's  theoiy  in  representing  the  atoms  of 
every  add  as  arranged  in  a  specific  manner :  namely,  all  the  atoms  except  hydrogen 
as  grouped  together  to  form  a  compound  radide. 

These  views  did  not  attract  much  attention  tiU  the^  were  applied  by  Liebig,  in 
1837,  to  explain  the  constitution  of  several  organic  aads,  and  of  the  various  modifi- 
cations of  pnosphorie  add  (Ann.  Gh.  Phaim.  xxvi.  170;  Ann.  Ch.  Phys.  Ixviii.  70.  \ 
and  although  they  are  explained  and  discussed  in  a  large  proportion  cf  the  Manuals 
of  Chemistry  published  during  the  fifteen  or  twenty  years  fbuowing  that  date,  they 
have  never  been  generally  adopted.  Until  a  comparatively  recent  date,  abaost  aU 
chemists  continued  to  regard  oxygen-adds  as  a  class  of  bodies  esseotialty  distinct  fit>m 
hydrogen-adds  and  from  metallic  salts.  Confining  the  name  of  oxygen-adds  to  the 
substances  now  known  as  Akhtdbidbs,  they  regaraed  oo^gen-salts  as  bodies  formed 
by  the  direct  union  of  adds  with  metallic  oxides,  and  recoflnised  no  essential  distinc- 
tion between  actual  hydrated  adds  (adds  in  the  sense  of  Davy  and  of  Dulong)  and 
mere  solutions  of  the  anhydrides  in  water. 

An  important  extension  in  the  then  existing  views  respecting  adds  resulted  from 
the  discovery  announced  by  Berzeli  us,  in  1826  (BerzeL  Jahresb.  vi.  pp.  lS4et  sea.), 
that  certain  metallic  sulphides,  such  as  those  of  arsenic  and  antimony,  were  capaDle 
of  uniting  with  the  alkaline  sulphides  so  as  to  form  well-defined  salts  perfectly 
analogous  to  those  formed  by  the  combination  of  the  corresponding  metalhc  oxides 
with  the  alkalis.  From  tHs  time,  the  existence  of  three  new  classes  of  adds  (and 
corresponding  saltn)  was  recognised,  namely,  adds  in  which  the  oxygen  of  ordinary 
adds  was  replaced  by  sulphur,  or  by  the  ansdogous  elements,  selenium  and  teUurinm. 

We  owe  the  ideas  of  the  nature  of  adds,  now  very  generally  entertained,  chiefly 
to  the  advance  of  oigajiic  chemisty,  which  has  brought  to  light  a  veir  large  number,  not 
only  of  new  adds,  but  of  new  substances  of  all  kin£,  whose  chemical  relations  caimot  be 
adequately  expressed  upon  the  system  formerly  universally  adopted,  of  regarding  all 

*  Notwithstendinf  the  more  itiict  use,  which  wa«  made  by  both  Davy  and  Dalong,  of  the  word 
acid,  very  many  chemlitt  ftill  use  it  to  exprevn  hod  in  belonging  to  two  rery  different  rlasKet :  acids  and 
imhydriies,  thus  the  bodies  HCI.  HNO^.  H'SO*.  N>0».  SQS  are  all  of  them  frequently  call^i  acids, 
although  the  first  three  possess  marked  resemblances  among  themselTes  and  equally  marked  differences 
from  toe  other  two.  Again,  the  bodies  H*SCH  and  SO^  are  often  called  by  the  same  name,  sulphuric 
acid,  although  they  cannot  be  obtained  in  any  case  by  the  same  procMi,  and  akhough,  when  caused  to 
act  upon  one  and  the  same  subf  tance,  they  almost  always  give  rise  to  products  essentially  unlike.  This 
confusion  between  acids  and  unhydrides  dates  from  the  earliest  knowledge  of  the  latter  class  of  bodies, 
and  was  caused  by  the  fact  that  the  anhvdrldes  which  were  first  dlscorered  Immedialely  produce  acids 
when  they  come  in  contact  with  water.  Thus,  Lavoisier,  by  burning  phosphorus  in  oxygen,  obtained  phos. 
pboric  anhyrtride,  but  since  the  solution  of  this  substance  in  water  contained  phosphoric  acid,  he  suppoMsl 
the  anhydride  to  be  the  acid,  and  regarded  the  real  phosphoric  acid  as  a  combination  of  phosphoric  acid 
and  water.  Similarly,  sulphuric  acid  was  looked  npon  as  containing  **  dry  sulphuric  acid  '*  (sttlpburie 
anhydride)  and  water ;  and  all  other  adds,  even  tboM  of  which  the  anhydrides  were  unknown,  as  nitric 
and  hvdrochloric  acids,  were,  in  like  manner,  regarded  as  compounds  or  a  hypothetical  anhydride  (ofteo 
called  <•  real  add  ")  with  water. 
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oomiiotmd  bodies  as  ibnned  hj  flie  onion  of  two  moleenles  po—oaring  opposite  eleetzo- 
ehemical  chancten,  or  of  two  groups,  which,  in  their  tnm,  hare  a  similar  binarj  consti« 
tation.  Among  the  new  theories  ^niich  were  the  earliest  to  he  thus  introduced  into  the 
science,  was  the  *'  Theory  of  Chemical  l^rpes,"  which  represented  chemical  oomponnds 
as  combinations  of  the  elsmentazy  atoms  held  together  by  the  attraction  exerted  by 
each  atom  npon  all  the  rest,  and  capable  of  exchanging  one  or  several  atoms  of  one 
element  for  an  eqnal  number  of  atoms  of  another,  bo  as  to  prodace  new  substances, 
built  up  idter  the  same  plan  or  type  as  the  original  compounds,  though  one  or  more 
of  their  atoms  was  of  a  different  natore.  According  to  this  view,  acids  and  metallic 
aalts  were  regarded  as  bodies  of  the  same  dass :  each  acid  and  its  coiresponding 
salts  were  re^oded  as  compounds  formed  upon  the  same  type,  and  differing  only 
from  the  fact  of  the  acid  containing  hydrogen  in  the  place  of  the  metal  contained 
in  the  salts.  It  will  be  seen  tfiat  this  manner  of  representing  the  mutual  relation  of 
adds  and  salts  differed  but  little  from  that  of  Davy. 

Another  result  of  the  progress  of  organic  chemistry  which  helped  to  modify  the 
older  notions  on  these  subject  was  the  acquisition  of  more  consistent  ideas  thaof  had 
preriously  existed  of  the  relative  weights  of  different  substances  which  are  chemically 
comparable  witli  each  other.  Thus  it  was  discovered  that  an  atom  of  water  con- 
tained twice  as  much  hydrogen  as  an  atom  of  hydrochloric  add,  and  therefore,  that 
the  so-called  monobasic  adds,  or  adds  containing  the  same  quantity  of  hydrogen  as 
h^drochlorie  add,  could  not  be  compounds  of  water  with  anhydrous  adds,  as  had  been 
hitherto  supposed.  The  discovery  by  Gerhardtin  1852  (Ann.  Ch.  Phys.  xxxvii. 
286)  of  the  anhydrides  corresponding  to  several  monobadc  adds,  and  the  &ct  of  their 
atomic  weights  being  found  to  be  double  the  atomic  weights  of  the  hypothetical 
anhydrides  of  the  older  theory,  confirmed  the  same  condudon. 

It  is  now  dear  that  adds  do  not  form  a  class  apart,  distingoished  frt>m  other  sub- 
stances by  something  essentially  different  in  their  nature ;  they  are,  on  the  contrary, 
nothing  more  than  a  particular  dass  of  salts.  The  definition  of  adds  as  Mlts  of 
hydrogeiiy  first  dearly  enunciated  by  Gerhardt*,  and  repeated  at  the  head  of  this 
artide,  is  an  accurate  statement  of  the  relations  which  exist  between  adds  and  other 
chemical  suSstances.  This  definition  is,  however,  obviously  insufftdent,  without 
a  previous  answer  to  the  question — what  is  a  salt?  For  this  we  must  refer  to  the 
aitide  Salt.  In  that  artide  also  the  properties  which  adds  possess  in  common  with 
other  salts,  and  which  characterise  them  as  belonging  to  that  class,  will  be  most  suit- 
aibly  discussed.  In  the  remainder  of  this  artide  we  shall  consider  the  diHtingnishing 
properties  of  adds  as  such,  and  the  mutual  relations  of  the  prindpal  daases  into 
which  adds  may  be  divided. 

The  mode  in  which  adds  most  frequentiv  react  with  other  substances  is  by  double 
decomposition,  in  which  they  exchange  their  hydrogen  fi>r  metals,  or  for  radidea 
possessing,  to  a  certain  extent,  metallic  frmctions.  The  following  reactions  are  all  of 
this  kind :  namdy,  their  reactions  — 

l^  With  metals,— 

Zn  -I-  H*SO«  -  H«  +  ZnSO«. 

2°  With  metallie  oxides,  sulphides,  and  salts  generally, — 

KHO    +  HCl     «  HK)     +  KCl 
KHS    +  Ha      B  H*S      +  KCl 
PbO     +  2HC1    «  H«0     +  Pba« 
FeS      +  H«SO*  «  H«S      +  FeSO< 
2NaCl  +  H*80*  =  2HC1    +  Na»SO* 
KNO"  +  H»SO*  -  HNO«  +  KHSO* 

a*"  With  the  hydrates  of  aloohol.rBdides,^ 

C«H».H.O  +  Ha  =  HK)  +  c«H»a. 

Hjdrate  of  Chloride  of 

ethyL  cChjI. 

4^  With  various  metallic  compounds, — 

(C»H»)«Zn  +  2Ha  «  2(C«H».H)  +  Zntt*. 

*      »    ■ '  * . — — ' 

Zlac-€thjl.  Hydride  of 

ethyl. 

KH«N  +  Ha  =  H«N  +  Ka: 

""■ — . — ' 

PoUiMmfaie. 

•  PrtelB  do  Chimie  organiqae  (Parli,  1944),  I.  70 }  Introduction  i  I'J^tade  do  U  Cbimie  par  le  8f *tline 
naitiire  (Parif,  IMS).  108.  (>n  the  similar  characters  of  acidi,  or  bydrMen-saits,  and  of  metallic  salta 
in  geoarat.andon  the  important  dlflierences  between  them  and  the  anhydrtdM,  comp.  La  or  en  t,  Mfthode 
do  Chlmle,  pp.  40-56,  or  Caveadith  Society's  translation,  pp.  39  to  45. 
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Wifih goiiie inhrtanees adda Quito diraetly:  namdlf -» 

1^  With  ammonift  and  ita  analogaea, — 

NH«  +  Ha     -  NHHa 
PH«  +  HI       -  PH«I 

wcyip  +  mso«  -  (nc«H7.hwo«. 

^— , — '  ^*- ,         ■    * 

Anilliw.  Sulphate  of  anOlBa 

1^  With  aoma  hydroearbonay  — 

C«H*  +  H«80*»C«H<S0« 

Ethyleae.  Sulphoilnle 

add. 

CH*  +   Ha  -  C"H»a 


Propylene.  Chloride  of 

tricyl. 

Reactiona  aach  aa  the  above  can  be  prodnced  bjr  all  well  charactoriaed  actda.  Ihe 
majority  of  adda  can  alao  produce  other  reactiona  of  rariona  kinda,  aome  of  which  are 
characteristic  of  IndiTidoal  acids,  while  others  are  common  to  a  considerable  number, 
and  therefore  serve  for  their  division  into  classes.  The  rational  formulse  by  which 
the  various  adda  are  commonly  represented,  indicate  the  nature  of  their  leading 
reactions,  and  hence  the  class  to  which  they  belong. 

Ozygen-acida  form  l^  far  the  most  numerous  and  important  daaa  of  adds.  We 
may  ti£e  acetic  add  as  a  special  example,  and  show  how  the  double  decompositions 
which  it  ia  capable  of  undergoing,  in  common  with  the  other  adds  of  this  dassi  lead  to 
the  choice  of  the  rational  formmse  by  which  ozygen-acida  in  general  are  usually  re- 
presented. 

1.  When  acetic  add  is  converted  into  an  aoetite  by  acting  upon  it  with  an  oxide, 
metal,  or  any  other  substance,  it  loses  hydrogen.  This  may  be  represented  by  writing 
one  atom  of  hydrogen  in  its  formula  apart  fi^m  the  rest :  C'H^O'  <-  CH^O'^K. 

2.  Byperchloride  of  phosphorus  acetic  acid  ia  converted  into  chloride  of  acetyl;  and 
loeea  one  atom  of  oxygen  and  one  atom  of  hydrogen.  To  e^qxress  thia»  we  mnat 
write  the  formula  of  acetic  add  thus ;  C'HK).HO. 

3.  By  the  action  of  pentasulphide  of  phosphoma,  acetic  add  loaea  half  ita  oxygen, 
and  becomes  thiacetic  acid,  6(C«H*0«)  +  P^»  -  6(C«H*0S^  +  P0». 

The  rational  formuU  derivable  from  this  reaction  la  CH^O.O. 

Combining  theae  three  expreaaiona,  we  come  to  divide  the  formula  of  acetic  add 

into  three  parta  H»  C*H"0  and  0,  and  to  write  it  ^^"^  O,  or  H.C>H*0.0»  or  in  aome 

aimilarway.  Thia  formula  indicatea  beforehand  all  the  moat  frequent  double  de- 
compositions of  which  acetic  add  ia  capable ;  via.  the  aeparation  of  one  'atom  of 
hydrogen,  the  other  atoma  remaining  together  (formation  of  aoetatea);  the  separation 
of  one  atom  of  hydrogen  and  one  atom  of  oxysen,  leaving  the  group  CH'O  (forma- 
tion of  chloride  of  acetyl,  of  acetamide  &c) ;  tiie  aeparation  of  one  atom  of  oxygen, 
leaving  the  remaining  atoma  combined  (formation  of  thiacetic  add,  &c) 

The  large  number  of  acids  which  resonble  acetic  add  aa  to  their  leading  double 
decompodtions,  receive  similar  rational  formuLe ;  that  ia  to  aay,  rational  formuls  con- 
aiating  of  three  parta :  namdy  (1)  one  or  more  atoma  of  hyarogen,  (2)  one  or  mora 
atoma  of  oxygen  or  sulphur,  (3)  a  radide,  nearly  alwaya  compound  and  oontainins 
oxygen,  sulphur  or  a  aimilar  dement.    Thua,  writing  the  rational  formula  of  acetic  adS 

H  ^*  ^®  write  that  of  benzoic  add  xr  0,  of  pyruvic  add  S  0,  of 
oxalic    add  ^  O',  of  phosphoric  add  q,  0',  of  thiacetie  add     ^     S|   of    aulpho- 

cs  CN  a 

carbonic  add  -m  S*,  of  sulphocyanic  add  ^  8,  of  hypochloroua  add  ^  0. 

If  in  any  of  these  formuLe  we  replace  the  radide  b^^ita  equivalent  Quantity  of  hydro* 
gen  (aee'  EQurvAUDrTa)  and  the  aulphur  (whera  it  occura)  by  ita  equivalent  of 

oxygen,  we  obtain  the  formula  of  one,  two,  or  three,  atoma  of  water  ^  0,  m  0*, 

or  5,  0*.    Moreover,  the  decompodtions  of  which  water  ia  auaoeptible  are  eaaentiaUy 

Quito  similar  to  those  of  acetic  add.  Thua,  when  converted  into  a  hydrato  by  theae- 
tion  of  a  metal  or  of  an  oxide,  water  loses  one  atom  of  hydrogen — ^K  -i-  M'O  «  H  -i-  SKO^ 
orSCa'O  +  2H«0  «  CaTEH)^  +  H«Ca"0« ;  oxychloride  ot  phosphorus  converta  water 
into  hydrochloric  acid,  removing  frvm  it  one  atom  of  hydrogen  and  one  atom  of  oxygen. 
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SHH)  -f  FOCI*  -  3HC1  -l-  PO^H*;  lastly,  pentasulphide  of  photphonu  oonTorts  it 
into  hydrosulpliurie  add,  lemoying  from  it  one  atom  of  oxygen :  —  6H'0  +  P'S*  » 
5WQ  «*-  FK)*.  It  IB  in  thia  aenae  that  water  ia  taken  as  the  type^  or  standard  of 
eomparisOll  for  acetic  acid  and  all  other  acids  which  nndeigo  similar  doable  decom- 
poaitiona. 

Another  daaa  of  acids  are,  in  the  same  way,  referred  to  the  type  hydrochloric  acid, 
HCL  These  adds  are  susceptible  of  only  one  kind  of  double  decomposition :  their 
atoms  are  separable  into  only  two  g^ape,  hydrogen  and  a  radide.  Hydrobromie  add 
HBr,  hydriodic  add  HI,  hydrocyanic  add  HON,  are  of  this  dass. 

There  is  still  a  third  class  of  adds  which  may  be  referred  to  the  type  ammonia, 
NH*.  Snodnimide,  OH*N0',  cyanic  add  (carbimide),  CONH,  and  snlphocyanic  acid 
(solphocarbimide),  CSNH,  are  adds  of  this  kind.  Under  the  influence  of  metallio 
oxides,  and  hycbnitee  they  part  with  one  atom  of  hydrogen,  and  take  up  in  exchange 
an  atom  of  metal : 

2(C«H*N0«)  +  A^  -  2(C*H*AgN0«)  +  H«0. 


^^ r 


SnedniBkiab  Argento-mcdnl- 

nlde. 

CHNO  +  HKO  -  CKNO  +  H«0. 

¥  ¥ 

Xjpadc  Cyanate 

add.  ofpotauiunu 

When  boiled  with  dilate  adds,  ther  break  np  into  two  groups,  a  carbonised  radide 
cm  the  one  hand  (which  combines  with  oxygen  or  with  oxygen  and  hydrogen  derived 
from  the  water  of  the  dilute  add),  and  the  group  HN  (whidi  combines  with  two  atoma 
of  hydrogen)  on  the  other  hand. 

CHNO  +  HK)  -  CO.O  +  HN.H«. 

Cyanic  Carbonic     Ammonia 

acid.  anliydrlde. 

C*H»NO«  +  2H«0  -  C*HH)».HK)«  +  HN.H« 


Succinimide.  Suodnlc  acid. 


These  reactions  show  that  the  rational  formulae  of  these  adds  must  consist  of  three 
parts ;  an  atom  of  nitrogen,  an  atom  of  hydrogen,  and  a  radide  composed  of  the 

remaining  atoms.    Thus  the  formula  of  succinimide  must  be  N.H.C^H^0'  or  N  ]      -n-    ' 

that  of  cyanic  add  K.H.CO,  or  N  j  XT.    The  substance  called  by  Oerhardt  nitride  of 

benzoyl,  sulphophenyl  and  hydrogen  fCH^'SO'N)  is  another  add  deriTuig  from  the 
type  ammonia.  Its  decompodtions  nave  not  yet  been  much  studied,  but  its  be- 
miWour  with  metallic  oxides  and  its  formation  from  ammonia  by  the  successive  action 
of  the  chlorides  of  sulphophenyl  and  of  benzovl  (C*H*80>C1  and  C^H)C1)  require  that 
its  rational  formula  should  be  composed  of  the  four  parts  N,  H,  CH'SO'  and  C^HK). 
Since  the  constituent  atoms  of  this  add  are  separable  into  four  groups,  it  is  evidently 
susceptible  of  undergoing  even  more  numerous  decompodtions  than  dther  the  adds 
deriving  from  the  type  H*0,  or  those  previously  mentioned  as  deriving  from  the  type 
KH',  'mtoae  atoms  are  separable  into  only  three  groups. 

In  regard  to  their  ekemoal  consiiiution,  we  may  thus  divide  adds  into  three  prin- 
dpal  dasses,  which  have  the  same  mutual  relations  of  formation  and  decomposition 
aa  hydrochloric  add*,  water,  and  ammonia,  and  which  may  therefore  be  regarded  as 
deriving  from  these  bodies  as  types. 

But,  in  the  same  sense  as  some  of  the  adds  which  we  have  been  conddering,  are 
fbrmed  from  two,  or  from  three  atoms  of  the  same  type  (from  HKIl*,  H^O*,  H'O",  &c.), 
there  are  certain  others  which  are  formed  from  two  or  more  atoms  of  two  (or  perhaps 
three)  different  tvpes;  for  example,  sulphuric  add  SO^H',  derives  from  the  typo 

^1 0*,  thus  ^^^'  I  0*,  while  sulphamic  acid,  SO*H*N,  and  chlorhydiosulphuric  add, 
SO^Gl,  derive  respectively  from  the  double  types  ^  I  and  ^^  I ;  thus  ^^^'^  I 

B  sulphamic  add; '  -^  ^    o  C  ^  ohlorhydrosulphuric  add.    Adds  of  this  kind  may 

be  called,  for  the  sake  of  distinction,  intemudiate  adds.  The  so*K»lled  amie  adds 
(see  Aioo  Acids)  afford  the  most  numerous  and  best  known  illustrations  of  this 

■  Since  tha  reaetiont  of  the  aeidt  of  the  flrtt  dasa  are  alio  potieued  by  thoie  of  the  Mcond  and  third 
eiMies,  it  U  plain  that,  if  we  liSTe  regard  to  these  reaetiont  only,  all  acldi  may  be  referred  to  the  type 
Hlf^^oMoHt  aeU.  To.thia  extent,  bat  no  Anther,  the  hydrofrn-theory  repreaenti  correctly  the  con- 
■matUm  of  all  acida. 
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oUfli.    Like  milphamic  acid,  they  derive  from  the  type  ^q  [•    They  ean  give  rise  to 

two  kinds  of  double  decomposition ;  that  is,  they  can  decompose  either  as  hydrates 
(derivatiTes  of  water),  or  as  amides  (deriyatlYes  of  ammonia),  according  to  the  natore 
of  the  body  with  which  they  react  In  like  manner,  chlorhydrosulphnric  add  and 
analogous  sabstances  can  decompose  either  as  hydrates  or  as  chloridM  (deriTatires  of 
hydrochloric  acid). 

Another  way  in  which  acids  may  be  dassifled  has  reference  to  their  boBiciiy:  they 
may  be  diTided  into  fiKmoAoMV;,  dibasie^  and  tribasie*  addn.  Graham  was  the  first 
to  call  attention  to  the  existence  of  polybasic  acids  in  his  paper  on  arsenio  and  phos- 
phoric adds  (FhiL  Trans.  1833,  263;  Phil.  Mag.  iii  461,  469\  The  distinctions 
which  he  establishe^l  between  monobasic  and  polybasic  flddis,  haa  reference  merely  to 
the  compodtion  of  their  salts.  In  1837  Liebi|[  (Ann.  Ch.  Fharm.  zzri  138;  Ann. 
Gh.  Fhys.  Ixviii.  35)  showed  that  tartaric,  dtnc,  meconic,  and  some  other  oiganie 
adds  were  polybadc,  bat  he  pointed  out  no  new  general  characters  of  polybasic  adds, 
nor  any  new  way  of  distingniBhing  them  from  monobasic  adds.  G-erhardt  (Prdds  de 
Chimie  Organique  (1844),  l  71 — 84)  was  the  first  to  connect  the  basidty  of  adds 
with  other  fiicts  than  the  composition  of  their  metallic  salts,  and  he  and  Laurent  (Ann. 
Ch.  Phys.  [3]  xviiL  266 ;  Methode  de  Chimie,  62—76,  or  Cavendish  Sodet/s  Truuda- 
tion  pp.  60— -62)  first  placed  the  question  on  its  present  footing. 

Mono-,  di-,  and  tri-basic  adds  may  be  defined,  in  "a  few  words,  as  containing  respec- 
tivdy,  ofUj  twoj  and  three  atoms  of  nydrogen  replaceable  by  otlier  metals,  or  by  com- 
pound groups  of  analogous  function.  Tms  definition,  taken  hy  itself  is,  however, 
obviou^y  uusuffident  to  dedde  the  bandtf  of  any  particular  add,  since,  by  properly 
multiplying  or  dividing  its  formula,  we  can  represent  it  as  possessing  whatever  baddty 
we  plesse.  Hence,  bdbre  we  can  dedde  what  the  baddty  of  an  add  is,  we  must 
know  its  atomic  weight,  and  conversely,  in  order  to  fix  the  atomic  weight  of  an  add 
we  require  to  know  its  baddty:  in  other  words,  the  determination  of  its  baddty  and 
the  determination  of  its  atomic  weight  are  the  same  thing. 

To  dedde  dther  of  these  points,  we  must  take  into  oondderation  the  jgeneral  beha- 
viour of  the  add  with  other  bodies,  and  the  nature  of  its  derivatives.  The  fcdlowing 
are  the  most  important  general  difiTerenoes  shown  by  adds  of  difierent  degrees  of 
basidty : — 

0.  Each  moTfobasie  add        a.  Each  dibasic  acid  can        a.  Each  Mbaeie  add  can 
form    hut  one   ether,    form  two  ethers;  one  of    form  three  ethers;   one  of 

them  neutral,  the  other  two 
add.  {e,ff.  phosphoric  add 
forms  phosphato  of  ethyl 
and  monethyl-  and  diethyl- 
phosphoric  adds.)  Two  vo« 
lumes  of  the  vapour  of  the 
neutral  ether  contain  three 
volumes  of  alcohol-residue. 

b,  7H5aM0  adds  can  form 
three  salts  with  the  same 
metallic  base,  two  of  them 
add,  and  one  neutraL 
They  can  also  form  double^ 
triple,  and  hybrid  ealta. 


can 

This  is  neutral  in  its  pro-  them  neutral,  the  other 
perties.  Two  volumes  of  its  add.  (Thus,  sulphuric 
vapour  contain  only  one  add  forms  sulphate  of  ethyl 
volume  of  ethyl,  or  alcohol-  and  ethyl-sulphuric  ad<L) 
reddue.  Monobadc  adds  Two  volumes  of  the  vapour 
do  not  form  add  ethers.  of  the  neutral  ether  con- 

tain ^100  volumes  of  ethyl 
or  alcohol-reddue. 


6.  Jlf09u>6am0  adds  cannot 
form  stable,  -well-defined 
add  salts,  or  salts  with 
two  or  move  metallic  bases. 


e.  Monobasic  amda  cannot 
form  double  or  multiple 
ethers,  that  is,  ethers  con- 
taining two  or  more  kinds 
of  alcohol-reddue. 


6.  JHbasio  adds  can 
form,  with  each  metallic 
base,  a  neutral  salt  and  an 
add  salt,  which  last  is 
exactly  intermediate  in 
compodtion  betweeen  the 
neutral  salt  and  the  free 
add.  They  can  also  form 
well-defined  double  salts 
containing  two  metallic 
bases,  as  well  as  hybrid 
salto  containing  two  or 
more  metallic  Irases  in  in- 
definite proportions. 

e.  Dibasic  adds  can  form 
double  ethers,  that  is, 
ethers  containing  two  kinds 
of  alcohol-reddue.  (Ex- 
ample, double  oxalate  of 
ethyl  and  methyl) 


*  It  it  probable  that  tetrabaslc  addi  alio  exU t,  Imt  bom  hare  ycC  been  nvdi  favKtlgatad ;  ayioi 
piioftpbonc  and  lillcic  acids  leem  to  be  such. 
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The  abore  distmetaoiis  apply  to  acids  of  all  kinds,  from  whatever  type  therf  deiire. 
The  fbUowisg  apply  only  to  adds  ▼hich  derive  from  the  type  toaUr  (oxaeids). 


d.  Each  9iu>9io&i«u;  oxacid 
can  form  a  chloride,  in  two 
TolumeB  of  the  Taponr  of 
which  IB  contained  only  one 
yolume  of  chlorine.  £ach 
each  chloride  can  take  np 
an  atom  of  oxygen  and  an 
atom  of  hydrogen  in  ex- 
change for  an  atom  of  chlo- 
rine to  re-form  the  normal 
add, — ^bnt  there  ie  no  oom- 
ponnd  intennediato  in  oom- 
podtion  between  the  chlo- 
ride and  the  noimal  add. 


e.  Monohiuie  oxidds.  by 

««tim5  with  «nmo.S  » 
its  denyatiTea,  form  neu- 
tral amides,  in  twovolnmes 
of  the  Taponr  of  which  is 
contained  only  one  Tolnme 
of  nitrogen.  There  are  no 
componnds  intermediate  be- 
tween these  amides  and  the 
coiircsponding 


d.  Each  dihaaic  oxadd 
can  form  a  chloride,  in  two 
Tolnmes  of  the  Taponr  of 
which  are  contained  two 
Tolnmes  of  chlorine.  Di- 
bade  oxadds  can  also  form 
chlorides  which  contain, 
in  two  Tolnmes  of  Taponr, 
only  one  Tolnme  of  chlo- 
rine, and  are  exactly  inter- 
mediate in  composition 
between  the  chlorides  last- 
mentioned  and  the  normal 
adds;  that  is,  they  can 
take  np  an  atom  of  cmorine 
in  exchange  for  an  atom  of 
oxygen  and  an  atom  of 
hydrogen,  to  form  chlorides 
containing  two  Tolnmes  of 
chlorine  in  two  Tolnmes  of 
Taponr;  or  they  ean  take 
np  an  atom  of  oxygen  and 
an  atom  of  hycuogen  in 
exchange  for  an  atom  of 
chlorine,  to  re-form  the 
nonnal  add.  Thns,  snl- 
phnric  add,  80*H*,  forms 
diloride  of  snlphnryl  or 
dilorosulphnric  aldehyde 
SO^a*,  and  the  interme- 
diate compound  chlorhy- 
droenlphnnc  add,  SO'HCl. 

e.  Dibasic  oxadds,  by 
reacting  with  ammonia,  or 
ito  denTatiTes,  form  nen- 
tral  amides,  in  two  Tolumes 
of  the  Taponr  of  which  are 
contained  two  Tolnmes  of 
nitrogen.  Intermediate  in 
oompodtion  between  these 
amiaes  and  the  corre- 
sponding adds  are  com- 
pounds, generally  add 
(amic  adds),  in  two  To- 
lnmes of  the  Taponr  of 
which  is  oontainea  but  one 
volume  of  nitroeen.  For, 
example,  oxilie  add, 
CH)^H',  forms  neutrsl  ox- 
amide,  OK)^«N*,  and  the 
intennediate  compound 
ozamie  add  CH)'H'N. 


d.  Each  tribaeic  oxadd 
can  form  a  chloride  in  two 
Tolumes  of  the  Taponr  of 
which  are  contained  three 
Tolumes  of  chlorine. 


/.  Mimobasie  oxadds  do  /.  Dibasic  oxadds  form 

not  Ibnn  add  compounds  add  compounds  (ooi\jugato 

(so-called  conjugate  adds)  adds)   by  reacting   with 

by   reacting   wfth    hydro-  hydrocarbons  or  other  neu- 


e.  Tribasie  oxadds,  by 
reacting  with  ammonia,  or 
ito  deriTatiTes,  form  neu- 
tral amides,  in  two  Tolumes 
of  the  Taponr  of  which  are 
contained  three  Tolumes  of 
nitrogen.  Intermediate  in 
composition  between  each 
of  these  amides  and  the  cor- 
responding add,  there  may 
exist  two  add  compounds, 
one  monobadc  and  contein- 
ing  in  two  volumes  of  Ta- 
ponr two  Tolumes  of  nitro- 
gen :  the  other  dibasic  and 
containing  in  two  Tolames 
of  Taponr  only  one  Tolume 
of  nitrogen.  For  example, 
dtric  add,  C*H*0',  forms 
with  phenylamine  (aniline) 
neutral  dtrophenylamide, 
C«HH)*Ph»N»,  (Ph  «  C*H»= 
phenyl),  and  the  interme- 
diate monobadc  dtrodiphe- 
nyhimic  add,  C«H»0*Ph*N« ; 
the  dibadc  dtromonophe- 
nylamic  add,  Cm»0*PhN, 
has  not  yet  been  discoTcred. 

/.  TVibasio  oxadds  form 
add  compounds  by  reacting, 
with  hTdrocarbons  or  other 
neutral    substances.      For 
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enrboiuii  or  other   neatral    tml  substiinoeB.    For  ex-     example,   phosphoric  teid 
tabstaiioes.  ample,  sulphuric  acid  re-     reacts  with  glycerin  to  Ibrm 

acts  -with  benzene  to  form     phosphoglyceric  acid. 

sulphobenzidic  (phenylsul- 

phurous)  add,  and  with 

glycerin  to  form  anlpho- 

glyceiij  acid. 

(Compare  Odiing,  Ghem.  Soc  Qu.  J.  zi.  127.) 

In  addition  to  uiese,  other  properties  of  adds  might  be  mentioned,  which  are  con- 
nected more  or  less  intimately  with  their  basidty ;  but,  notwithstanding  the  number 
of  oomparatiyely  Very  well-defined  characten  which  they  sererally  possess,  it  is  im- 
possible to  establish  any  absolute  distinction  between  monobasic  and  dibasic,  or  between 
dibasic  and  tribasic  adds.  There  are  many  adds,  which,  in  relation  to  a  particular 
set  of  reactions,  haye  the  properties  of  monobasic  adds,  but,  in  relation  to  another  set 
of  reactions,  behave  like  (Ubasic  adds ;  others,  again,  appear  firom  one  point  of  view  to 
be  dibasic,  while  from  another  point  of  view  they  seem  to  be  tribasic  This  will  ap- 
pear more  distinctly  b^  considering  what  desree  of  generality  belongs  to  each  of  tne 
differences  we  have  pointed  out  between  adcu  of  diirerent  basidties. 

a.  Number  of  ethers.  Perhaps  the  only  exception  to  this  law  is  afR>rded  by  phospho- 
rous add,  which  forms  three  ethers,  one  of  them  containing,  in  two  volumes  of  vapour, 
three  volumes  of  alcohol-residue,  although,  as  regards  its  metallic  salts,  it  is  only 
dibasic. 

b.  Number  of  metallic  salts.  Acetic  and  formic  adds,  whidi  possess  in  a  special 
desree  most  of  the  characters  of  monobasic  adds,  form,  each  of  them,  two  potassium- 
tm  two  sodium-salts. 

o,  MvUifle  ethers.  No  exception  tb  this  law  is  known  so  far  as  regards  mono>  and 
di-basic  aads.  Tribasic  adds  ought  by  analogv  to  form  ethers  contaimng  two  or  three 
kinds  of  alcohol  residue ;  none  such  liave  yetoeen  obtained,  but  there  is  no  reason  to 
suppose  that  they  might  not  easily  be  formed. 

d.  Number  of  chlorides.  Some  acids,  which  according  to  a,  6,  and  e  would  be  classed  as 
monobasic,  form  chlorides  containing  two  volumes  of  cUorine,  as  well  as  intermediate  chlor- 
adds.  For in8tance,Wur tz'  s ehloruredaciiylechlorS,  C»H«C1«0  (Ann.Ch. Phys.  [3]  xlix. 
60)  reacts  with  one  atom  of  water  to  form  chloracetic  add,  CH'GIO' ;  and  this,  with 
a  second  atom  of  water,  forms  glycollic  add,  CH^O*.  These  three  bodies  are  there- 
fore related  in  the  same  way.  as  chloride  of  sulphuirl,  chlorhydrosulphuric  add,  and 
sulphuric  add.  Again,  lactic  add,  C*H'0',  a  homologue  of  glycollic  add,  is  decom- 
posed by  pentachloride  of  phosphorus,  giving  chloride  of  lactyl,  C"H*C1K),  which  re- 
acts witn  alcohol  to  form  chloropropionate  (chlorhydrolactate)  of  ethyl,  C*H'C10', 
(Wurtz,  Ann.  Ch.  Pharm.  cviL  192);  that  is  to  say,  the  ether  of  an  acid  intermediate 
between  chloride  of  lactyl  and  lactic  add.  The  intermediate  add  itself  is  produced 
CH*C10',  by  the  action  of  chloride  of  lactyl  on  water.  (Ulrich,  Chem.  Soc.  Qu.  J. 
xiL  23 ;  Ann.  Ch.  Pharm.  dx.  268.)  So  fiir  then  as  their  chlorides  are  concerned, 
glycoUic  and  lactic  adds  resemble  dibasic  and  not  monobasic  acids.  (See  also  ob- 
servations on  e,) 

In  the  case  of  tribasic  acids,  no  intermediate  chloradds  are  known,  such  as  would 
correspond  to  chlorhydrosulphuric  acid  and  other  derivatives  of  dibasic  adds.  It  is 
probable  that  each  tribasic  add  can  form  two  such  compounds,  that  phosphoric  add 
(PH'O*),  for  example,  can  form  chlorhydrophosphoric  aad  (PHH^IO',)  dibasic?)  and 
dichlorhydrophosphoric  add*  (PHCIH)',  monobasic?) 

e.  Number  and  nature  of  amides.  Some  monobasic  adds  form  amides  containing,  in 
two  volumes  of  vapour,  two  volumes  of  nitrogen.  For  instance,  acetic  acid  forms 
aoediamine,  CH*^',  between  which  and  acetic  add  1711*0*,  acetamide  G^H'NO  is 
exactly  intermediate,  (just  as  oxamic  add,  CH'NO',  is  intermediate  between  ozamide, 
C-H*N*0^  and  oxalic  add,  CH'O*) ;  acetamide,  however,  is  neutral,  not  add,  in  its 
properties. 

Certain  other  acids,  generally  considered  monobasic,  form  amides  containing  one 
atom  of  nitrogen,  which  possess  some  of  the  properties  of  adds.  Thus  glycollic  add, 
C^H*0",  forms  glycocoU,  C*H^NO',  a  substance  capable  of  acting  as  an  acid,  and  pos- 
sessing the  same  relation  of  composition  to  glycollic  add,  that  oxamic  add  does  to  ox- 
alic acid,  or  acetamide  to  acetic  add.  The  so-called  benzamic,  toluamic,  eominamic. 
&c  adds,  are  substances  of  a  similar  constitution :  they  are  to  oxybenzoic,  oanrcuminic, 
&e.  adds  what  glycoooll  is  to  glycollic  add.  In  short,  glycoUic  and  similar  adds, 
though  in  the  stnct  sense  moMoasie  are  diatomic;  that  is,  they  form  but  one  salt 

*  ChlorhrdrMuIpbaiic  add  If  formed^  when  inlpharic  anhydride  la  hrougfat  In  cooUct  with  dtj 
kydroehlorfc  acid  (SO^+HC}  «» SHCIO^).  SimllArly,  a  liquid,  which  prohabljr  eonulni  one  or  bot;i  of 
the  compoimdi  mentioned  in  the  text,  is  fomied  when  phoiphoric  anhjdride  it  expoted  to  dry  hydro- 
chloric acid 'ptO^ -h^tHCl «  PH*C103+ PHC1*0>—?) 
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with  each  metallic  base — are  monobasic  as  regards  their  metallic  lalts, — ^but  reaemble 
diboaic  adds  so  far  aa  resarda  their  other  deriratiTea  (chlorides  and  amides). 

/.  Formation  of  complex  aeidt.  The  difference  in  respect  of  acidity  between  com« 
pounds  formed  l^  the  reaction  of  monobasic  and  of  polybasic  acids  on  nentral  sub- 
stances, is  a  particular  ease  of  a  general  rule  which  was  first  announced  by  Gerhard  t 
(Pr^ds  de  Chim.  Organ.  L  (1844)  102;  Gompt  lend.  Trnr.  Chim.  1845,  161)  in  the 
following  form  \  B^V-k-  h—l^  where  B  denotes  the  basicity  of  the  body  resulting  from 
the  the  reaction,  h  and  V  the  basicities  of  the  reacting  substances  (the  basicities  of 
alkaline  or  neutral  substances,  and  of  mono-,  di-,  and  tnbasic  acids  beinff  estimated  re- 
spectively as  0, 1,  2,  and  3).  Strecker  (Ann.  Gh.  Pharm.  Ixriii.  47)  ahowedthat  the 
rule  admitted  of  a  somewhat  more  extended  application  in  the  form  B  ^h  -^  If — aq^ 
where  aq  denotes  the  number  of  atoms  of  water  which  separate  in  the  reaction.  Pir  i  a 
(Ann.  Cn.  Pharm.  zcri  381),  observing  that,  when  more  than  two  substances  reacted 
upon  each  other,  the  numb^  of  atoms  of  water  formed  was  usually  one  less  than  the 
number  of  reacting  substances,  expressed  the  rule  of  basicity  in  the  following  form, 
B^h-^V-^V* -¥.,,.  —  (^— IX  {^  being  the  number  of  reacting  substEuices). 
In  all  these  expressions,  one  substance  only  is  regarded  as  the  essential  product  of  the 
reaction,  but,  if  we  take  into  consideration  the  basicity  of  all  the  pzoducts  (water, 
hydrochloric  acid,  &c.  as  well  as  more  complex  substances)  and  r^^ard  wat^  as  a 
monobasic  *  add,  we  arrive  at  the  following  expression — 1%$  twn  of  the  basMHes  oj 
the  products  of  a  reaeUon  is  equal  to  the  sum  of  the  hancUia  of  the  reacting  hodiee, 

Eiamples:  — 

Ha     -¥  KHO  -  Ed  +  HH) 
Baddties    1     •«•     0     «  0      -¥    I 

H«0«  -¥  KHO  -  KHSO«  ^  HK) 
Baddtiea    8-1-0-1        -f  1 

H«80*  -h  KHO  +  KHO  -  K«80*  -h  HK)  -i-  HH) 
Baddtiea    2-i-O-t-O      -      0      -i-l-i-l 

Aettateor 
Aestic  add.     Alodbol.        cChyL 

C»HH>«  -I-  C?H«d  -  C^HW  -^  HK) 
Baddtiea    1      -I-      0       -      0       -i-     1 


C«H«0«  -h  NH»  -  C«H*NO  -i-  H«0 
Baddties    1      -i-     0    -        0        -i-     1 


Aoetocblo^ 
bjdrobroflB* 
Glycerin.  bydrin. 


C»H*0«  -I-  Ha  -».  HBr  -»•  C«H«0»  »  0»HK)HnBr  +  HH)  -»-  HK)  -i-  HK) 
Baddties    l-t-l-t-l-t-O-  0  -i-l-i-l-i-l 

Photpluaidc. 

POira*  -».  HH)  -f  HH)  -I-  HH)  -  H»PO*  -h  Nft»  -t  NH»  +  NH« 
Baaidties     0       .|.l    +     l■^l»3-^0-^0-^0 

• 

The  application  of  the  rule  of  basid^  to  substances  which,  like  glyoollic  add,  an 
monatomic  in  some  relations  but  diatomic  in  others,  or,  like  phenylic  alcohol  (carboUa 
add),  are  intermediate  between  neutral  bodies  and  adds,  often  leads,  as  might  be  ex- 
pected, to  contradictory  resulta.  It  must  be  looked  upon,  not  as  a  lnw  universally  true, 
but  as  a  rule  applicable  to  the  migority  of  cases,  and  always  dependent  on  our  defini- 
tions of  addity  and  basidty.    (Gomp.  Kekul^  Ann.  Ol  Pharm.  cvi.  130.) 

It  has  been  pointed  out  by  B  e  k  e  t  o  ff  (Bullet  de  1*  Academic  de  8t  P^tersbourg,  xii 
869)  that  this  law,  in  any  of  the  forms  yet  given  to  it,  gives  contradictoiy  resulta 
when  I4>plied  to  the  three  following  reactions,  which  nevertheless  are  strimy  com- 
parable with  each  other. 

*  tf  water  be  alto  ooDiidered  u  a  momacfd  hau,  th^  nddity  of  bnset  (or  the  number  of  atomi  of  add 
with  whirh  thejr  react,  .->  a  property  eorrelatWe  vUh  6a«i(ily,)  li  usually  confitrnable  to  the  following 
rule:  —  The  mm.  pf  the  admHet  pi  tkeprodueti  pf  a  reaction  it  efuai  to  the  mm  qf  the  additie*  pf  the 
Tfa^ptU,  The  representation  of  water  at  a  monobasic  acid  and  as  a  monacid  base  expresses  the  fact 
that  It  easily  takes  up  1  atoni  of  an  eleciro-posltiTe,  or  of  an  electro.n«gatiTe  radicle  In  exchange  for  an 
■torn  of  hydrogra,  or,  an  electro-positive  ami  an  electro-n^gatiTe  radicle  in  exchange  for  the  two  atorot 
of  hydrogen.  The  representation  of  water  as  a  dibasic  acid  (or  as  a  dlaeld  base)  expresses  the  possi 
blll^  of  replacing  both  atoms  of  hydrogen  by  the  same  radicle  (formation  of  anhydrides).  This  re- 
•laesmeot  though  not  unflrequent,  certainly  takes  place  less  readily  than  the  replacement  of  1  atom  of 
hydrogen  only,  or  than  the  replacement  of  the  two  by  radicles  of  diflbrent  eleetro-chemleal  qualities* 
Either  view.  howeTer,  la  evidently  entirely  relailTe. 
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Bemuie  Bentoato 

add.  Alcohol.       orethjl. 

1 .  cnaw  +  (mnS  -  ot»«o«  +  h^ 

BaodtieB      1     +        0     -        0      -f     1 

AoeCo- 
Beuole  AoeCk        beosole 

add.  acid.        anbydiida. 

2.cS5«  +  C«H:«0«  -  OTTO*  +  H«0 
Bandties    1       -i-      1  0+1 

Methyl. 
Methylk  ethyl 

Alcohol        alcohol.  other. 


3.  C*HH)   +  C«H«0  -  C»HK)  +  HK) 
Basicities   0+0  0+1 

Aeoording  to  the  oonTentions  wliich  have  been  made  abore,  the  sun  of  the  basicities 
of  the  products  of  the  first  reaction  is  eaual  to  the  sum  of  the  bssicities  of  the  r»- 
agentSi  but  in  ihe  second  reaction  it  is  less,  and  in  the  third  it  is  greater.  The 
obriooialy  artificial  character  of  the  law  of  basicity,  which  is  sufficiently  shown 
by  these  instances^  induced  Beketoff  to  propose  to  compare  the  whole  quantity  of 
replaceable  hydrogen  in  the  reagents  with  tnat  in  the  nroducts,  instead  of  merely 
comparing  their  basicities,  or  the  number  of  atoms  of  hydrogen  which  are  easily  re- 
^aceable  by  basylous  radicles.  If  the  so-called  t^ical  formuls  (see  FomnruB, 
Katiokal)  are  employed  in  writing  the  above  reactions,  it  at  once  becomes  evident 
that  in  each  case  the  whole  quanti^  of  replaceable  hydroeen  is  two  atoms,  both  in  the 
products  and  in  the  reagents ;  and  in  all  re^^ular  double  deoompositioiis,  the  whole 
number  of  atoms  of  replaMable  hydrogen  remains  similarly  unaltered  (For  an  aooount 
of  all  that  is  important  in  Beketofrs  paper,  and  for  an  extended  criticism  of  the 
law  of  basicity,  see  Kekul^  Lehrbuch  <L  organisch.  Chemie,  pp.  210 — 219.) 

A  general  classification  of  adds  according  to  their  oompodtion  cannot  yet  be  given. 
There  are  but  few  dements  which  are  known  to  form  more  than  two  or  three  distinct 
adds ;  and,  although  many  remarkable  relations  can  be  pointed  out  among  the  adds 
formed  by  different  dements,  these  relations  sre  more  important  as  inmcations  of 
analogies  among  the  dementB,  than  as  serving  ibr  the  classification  of  the  adds  them- 
selves.* There  is,  however,  one  dement  —  carbon  —  which,  in  combination  with  hy- 
drogen and  ozTgen,  forms  a  very  large  number  of  adds,  the  best  known  of  whidi, 
generally  exhibit,  when  compared  toeether,  certain  gradations  of  chemical  composition 
and  properties,  in  accordance  with  wmeh.  they  can  be  arranged  in  a  number  of  Aomo- 
Unfoua  seriet.  (See  Hokoloot.)  The  most  important  of  these  series  are  the  fid 
lowing:  — 

a.  Monobasic  adds  represented  by  the  general  fonnida  OH*"0'. 

Formic      add  CHK)*,  Caproic  add  C^*K)>, 

Acetic         „  CHW,  (EnanthyHo        „  CrH*«0«, 

Propionic    „  C»H«0«,  CMjrylic  „  0»H»H)«. 

Butyric       „  C*HK)«,  Pelaigonic         „  C»H»H)« 

Valerie        „  C»H»«0»,  Rutic  or  capric  „  C>«H»0«, 

&C. 

The  adds  of  this  series  are  found  in  various  vmtable  and  animal  products ;  several 
of  them  occur  in  combination  with  glycerin  as  the  chief  constituents  of  most  natural 
solid  and  liquid  fata.  The  first  four  have  been  found  in  mineral  waters  (Scheerer, 
Ann.  Ch.  Pharm.  xdx.  267).  Thev  are  produced  artificially  by  a  great  variety  of 
processes,  the  most  important  of  which  are  the  following : 

l^.  The  oxidation  of  the  alcohols  OE.^*H) 

0»H«0     +     0«    -    C«HH)«     +     H«0. 

Ethyl-  Acetic 

alcohol.  add. 

2^.  The  decompodtion  of  the  so-called  nitriles,  or  cyanides  of  aloohd-radides,  of  the 
formula  OH*> -  VN,  by  alkaline  hydrates. 

c«H*N   +   2HK)   -   cmny^  +   sm 

AcetooltrUo  Propionie 

or  cyanido  add. 

of  ethyl. 

■  For  an  able  npoeittoo  of  nearly  all  that  can  yet  be  laidoo  thli  point,  lee  Odllns;  FhlL  Mag.  avill. 
aSBj  ajao  a  lectare  on  *•  Adda  and  Salta,"  ddiTered  by  the  same  at  the  Bojal  laaUiutioo,  aoih  XMck, 
IMOLChcBicBlKewf,l.m  ,  .  .^ 
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8^.  The  eombiDation  of  thepotasriiiiii-  and  sodium-  eompoondflof  the  aloohol-xadklet 
OH**'*''  wiUi  carb<niie  anydziae. 

^    »  ■ "  "  ■    »   — ^ 

Sodlnm-  Propionate 

cChjL  ofiodiuau 

4^.  The  oxidation,  destnictiTe  distillation,  fermentation,  or  pntre&ctiTe  decompo- 
sition of  complex  orgame  oomponnda. 

When  a  fixed-alkaline,  or  alkaline-earthy  salt  of  one  of  these  acids  is  subjected  to 
dry  distillation,  a  carbonate  and  an  acetone  are  generally  produced.  These  products 
are  formed  by  the  decomposition  of  two  atoms  of  the  salt 

The  dry  (fistillation  of  a  mixture  of  the  fixed-alkaline,  or  alkaline-earthy,  salts  of 
two  acids  of  this  series  fi;ives  rise,  in  like  manner,  to  a  carbonate  and  to  an  acetone 
intermediate  in  composition  between  the  two  acetones  corresponding  to  the  acids 
eniployed. 

When  one  of  the  salts  is  a  formate,  a  similar  reaction  takes  place,  but  an  aldehyde 
IS  then  produced  instead  of  an  acetone. 

In  some  cases  the  dry  distillation  of  salts  of  these  adds  produces  (besides  acetones) 
aldehydes,  or  isomeric  compounds  (bu^ral,  Taleral )  and  hydrocarbons.  (See  Ajldb- 
HTDB8,  AcanoHia.) 

When  distilled  with  excess  of  alkaline  hydrate,  they  give  hydrocarbons  of  the 
formula  OH"*^'  (hydrides  of  alcohol-radicles)  and  alkaline  carbonate. 

C*H^O«  +  HKO  -"CK'O"  +  CH*. 

AMt.potai.  HTdridn 

■ium.  of  methyl. 

With  pentachloride  of  phosphorus  they  produce  chlorides  of  the  formula  OH^'^'OCl  f 
Ay.:— 

C^K)«  +  PC1»  -  CffOCl  +  POCP  +  Ha 


Ao0dc  add  Chloride 

of  acetyl. 

Their  alkaline  salts  distilled  with  arsenious  anhydride  give  compounds  of  azaenie 
with  the  alcohol-radicles.    (See  Asssna) 

Sulgeeted  to  electrolysis,  they  giye  carbonates,  alcohd-radides,  hydrogen  and  hy- 
drocarbons of  the  form  OH**  and  OH***'. 

Under  the  influence  of  chlorine  (or  bromine)  the^  lose  one  or  more  atoms  of  hydro- 
gen, and  take  up  in  exchange  an  equivalent  quantity  of  chlorine,  forming  chloradds 
whose  general  propertiee  usually  resemble  closely  those  of  the  normal  acids  from  which 
they  are  formed. 

c«HH)«  +  a*  -  0«H«C10«   +  Ha 

Acetic  add.  Chloraeatle 

add. 

M        -»•  Br*  -  0«H«BrH)«  +  2HBr. 

DtbnMn. 
aoelleadd. 

+  a«-o«HaK)«  +8Ha 
^ — »— — ^ 

Tridilor. 
aeetieadd. 

h.  Adds  represented  br  the  formula  OHM)*,  di-atomie^  but  usually  monobasle. 
The  aeidf  of  tiiis  serieB  differ  ftom  those  of  series  a  by  containing  threes  instead  of 
twD^  atoms  of  oxygen. 

Carbonie    add GH'O*, 


Glyopnic      „ 
Lactic  II       •        • 

Butylactie    „        •        • 
Valerolaetie M  (Bnttlerow) 

These  adds  are  formed 


C«H*0«, 

OHW. 
C»H»H)», 
OH»«0». 


1®.  By  the  reaction  of  the  piEotochloro-  or  protobromo-  denratiTes  of  the  trfdt  of 
Miiea  a  with  hydratesL 

OTPdO*  +  HKO  -  Cra«0»  +  Ka 

^  ■    I   -'^  > — ,-^* 

CUoraeetie  GlycoIUe 

add.  acid. 

B  2 
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S^.  ^7  the  oxidation  of  the  diatomic  aleohola,  OH>*  *  Kl'  (glyoola^ 

S^.  By  the  oxidation  of  certain  amides  of  animal  origin  (glyoocol  and  faomologaei), 
eepeeially  hj  nitrous  add. 

C«H»NO«  +  NHO«  -  (>H«0«  +  N«  +  H«0. 

^      »    ■**  *■■  »  -^ 

Glycoeol,  Oiycollic 

acid. 

4®.  By  fermentation. 

The  adds  of  this  series  are  decomposed  by  heat  into  anhydrides  and  water.    (In 

the  case  of  carbonic  add,  this  decomposition  t^es  place  at  the  ordinary  temperatnze.) 

With  pentachloride  of  phoephoras,  they  prodnce  diatomic  ehlorides  of  the  formula 

c«HK)«  +  apci*  -  cm*oa^  +  2Poca»  +  ana 

* r^-^  * f^ 

LMtk  add.  Chloride  ot 

Uctjl. 

Lactic  add  heated  with  hydziodio  add  produces  water,  iodine  and  propionic 
(Lautemann) : 

(ra«0»  +  2HI  -  C«H«0«  +  H«0  +  P 


Lactic  add.  Propioote  add. 

This  will  probably  be  found  to  be  a  general  method  of  conyerting  adds  of  series 
b  into  the  corresponcung  adds  of  series  a. . 

0.  Dibasie  adds  represented  bf  the  formula  CyK^^^^O*.  The  adds  of  this  series 
represent  the  adds  of  series  b,  in  which  2  at^  hydrogen  are  replaced  by  an  equiyalent 
of  oxygen. 


Oxalic    add 
lialonic  .  „ 
Succinic    „ 
lapic        M 
Adipie      „ 


.    C«H«0* 


Fimelicadd   •        •        .  CmW* 

Suberic   „      .        •        .  (?H»H)« 

Anchoic C^BHO* 

Sebade   „      .       .       .  C"H'«0«. 


These  adds  are,  for  the  most  part»  products  of  oxidation.  They  are  solid  at  ordinaiy 
temperatures,  and  axe  not  yolatile  without  partial  or  complete  decompodtion.  Some 
of  tnem  are  decomposed  by  heat  into  carDonie  anhydride  and  a  monobaaio  add  of 
Keries  tf» 

CHK)*  -  C«H«0«  +  C0«, 


Malonie  acid.  AcKic  add. 
Seyeral  of  them  also  produce  adds  of  series  a,  when  fcsed  with  excess  of  alkaline 
hydrate;  the  reaction  is  accompanied  by  eyolution  of  hydrogen  (Gerhardt). 
Suberic  and  sebade  adds  heated  with  a  great  excess  of  bar?ta»  lose  the  elements  of 
of  2  at  carbonic  anydride  and  jrield  the  hydrocarbons  CH**  and  C*H";  it  is  pro- 
bable that  other  adds  of  this  series  would  be  decomposed  in  like  manner  if  similaily 
treated.    fBiche.) 

Pentachloride  of  phosphoms  reacts  on  the  adds  of  this  series,  producing  at  first 
the  corresponding  anhydrides,  which  are  afterwards  oonyerted  by  excess  of  the 
chloride  into  chlorides  of  the  formula  G'H'^-^KJl' ;  s.  ff. 

1®.  c*H«o*  +  pa»  -  c*HK)«  +  2Ha  +  poa». 

^-     *     —^  '« r— ^ 

Suodnle  Soccinie 

add.  anhjdride. 

2*.  c*H«o«  f  pa»  -  c^BsyKn*  +  poa« 


Suodnic  Chloride  of' 

anhydride.  soodnyU 

There  is  a  certain  number  of  adds  which  do  not  enter  into  any  of  these  three  seriesi, 
but  which  are  related  to  certain  members  of  them  in  the  same  way  that  the  adds  be- 
longing  to  the  different  series  are  related  to  each  other.  For  instance,  glyo^Iic  add, 
0>HH>^  differs  from  glycollic  add,  C^H>*,  in  the  same  way  that  the  Irtter  differs 
from  acetic  add,  CH^O*;  namely,  by  containing  one  more  atom  of  oxygen.  And 
jiwt  as  bromacetie  add  when  boiled  with  oxide  of  silver  produces  bromide  of  ailyer  and 
glycoDio  add'-* 

C«H*BrO«  +  HAgO  =  CRX^  +  AgBr 

'^  ■    >      *  ' — I—' 

Bromaeetic  Glreollk 

add.  add. 
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bromoKlj«»lfie  add,  wben  nmilulj  treated,  yields  bromide  of  ailTer  and  glycnyiie 
acid  (Ferkis  and  Bnppa),  — 

C*H«BrO«  +  HAgO  -  C^*0«  +  AgBr. 
BramoglvcolUe  GlyoxvUe 

fiimilarly,  there  is  the  same  difforenee  between  glycerie  acid,  OH*0*,  (homologous 
with  gl^j^lio  add)  and  lactic  add,  C'H*0',  that  there  is  between  lactic  add  and 
niopionie  add,  CH'O'.  Again,  malic  and  tartazic  adds,  OH'O*  and  G^HH)*, 
diJBEer  from  soodnic  add  b^  containing  respeetiTely  one  and  two  atoms  more  oz^rsen 
and  they  can  be  oonrerted  into  sncdnie  ada  by  heating  them  with  hydriodie  aaa,  in 
the  same  wajr  that  lactic  add  can  be  conyerted  into  propionic  add  (Schmidt);  sunoorer, 
dibromosnodnic  add  is  decomposed,  when  boil^  with  oxide  of  sihrer,  into  bromide 
of  silver  and  tartaric  add,  jnst  as  dibromacetie  add  is  decomposed  nnder  similar 
drenmstanees  into  bromide  of  silver  and  glyozyUc  add  (P  e  r  k  i  n  and  D  u  p  p  a  ).  The 
same  relation  that  exists  between  malic  and  succinic  acids  exists  also  between  their 
homologaes,  tartronic  and  mabnic  adds  C"H*0*  and  CH*0\  bat  in  the  case  of 
these  adds,  the  oonyeision  of  one  into  the  other  has  not  yet  been  effected.  There  is 
little  doabt  that  these  adds  —  glyox^lic  and  riyceric,  tartronic  and  malic,  and  tartaric 
—  represent  homologoos  series  ronning  parallel  with  the  three  first  described,  bat  of 
which  the  other  terms  are  as  yet  unknown. 

The  relation  of  all  the  series  of  adds,  of  whidi  we  haye  yet  spoken,  to  each  other 
and  to  the  alcohols  homologous  with  common  alcohol,  glycol,  ana  glycerine,  is  shown 
in  the  foUowiog  Table,  giving  the  general  formula  of  each  series.  It  will  be  seen 
tiiat  of  the  fbrmnls  written  one  above  another,  each  contains  one  atom  of  oxygen 
more  than  the  formula  next  above  it,  and  that  of  the  formulae  written  in  the  same 
horizontal  line,  each  contains  two  atoms  of  hydrogen  leas,  and  one  atom  of  oxygen 
more,  than  the  one  directly  to  the  left  of  it.  Where  known,  a  special  illustration  of 
each  general  formula  is  given. 


Monatomic 

• 

AUOOHOLS. 

Acids. 

PropjHe,  <rH«0. 

Moof^Mlc. 

Propionic  C*H*0> 
and  adds  ofMrlesa. 

OHH-fO* 

OH^-^O*       ^ 

Diatomic. 

C>H«BO» 

Lartlc.  C?H«0» 
and  acids  of  terlct  b. 

Dibaalc.                         J 

Malonic,  C^H^O^ 
Succinic.  C4H«04 
and  add*  of  i«rl*«  c. 

C«H*i-<0»      ^ 
JCeaoxallc,  G>H*0' 

Triatomie. 

OljtBrtn,  CH909 

Glyceric,  G»H«0« 

Tartronic.  C»H<0» 
Malic.  C«H«0» 

Trlbaslc 

^OBH-»0*. 

Tetratomic 

C"H«»*«0< 

C»H*0» 

C«H*i-«0« 
Tartaric,  C<H«0* 

Citric,  C*H«or 

Another  series  of  adds  is  represented  by  the  general  formula  OH''*— H)'.  They 
are  monobanc  like  the  adds  of  series  a,  but  differ  from  these  by  containing  2  atoms 
less  hydrogen  combined  with  the  cuae  (quantity  of  carbon  and  oxygen.  None  of 
them  have  yet  been  very  thoroughly  investigated,  and  the  empiriosl  oompodtton  even 
of  some  of  them  is  still  open  to  discusdon.  The  terms  of  this  series  hitherto  more  or 
less  known  are  — 


add 


Acrylic 
Crotonie 
AngeUc 
Pyroterebic  „ 
Damaluric     •• 


ti 


C*HV 
C-H»«0« 

crH»«o« 


Campholio  add 

Monngic 

Hypogadc 

Oleic 

Brassio 


n 


M 


B  3 


H 


CWH*0« 


Si  ACONITIC  ACID. 

The  following  dilMune  adds  repzesented  by  the  general  fonniila  OH^~^0\  are 
related  —  so  far  at  least  ae  oompoeition  is  oonoemed  — to  the  last  series,  in  the  same 
manner  aa  the  acids  of  series  e  are  related  to  those  of  series  a. 


Fnmarieacid         .        •    OHK)* 

Citraoonio) 

Itaoonie     V  adds  .        .    OUH)* 

Mesaoonic) 


Terebie.        .        .        .    (Tff^O* 
Oan^horie     .       .       .    e«H>*0* 


There  are  still  two  other  series  of  addsi  presenting  the  same  mntoal  relations  a« 
the  series  a  and  6,  soTeral  terms  of  whiehhaTe  been  Teryfdlly  studied.    Theyare^  — 

1.  MonobasLs  adds  of  the  general  ibrmnU  OB^-W» 

Benzoic  add 0^*0" 

TdnyUc    , C^HH>« 

Cnminic    , C"«H«0»  . 

2.  IMatomie  adds  of  the  general  formula  OB'^-'O'. 

Ozybenzde  add CPH'O* 

ChTtolnylic    „ (>H»0» 

Phloretic       , (?W0» 

Oxyenminic  „ C»»H»«0« 

The  position  which  a  fSsw  of  the  yet  remaining  oiganio  adds  oocnpy  in  relation 
to  the  series  already  reoogzused  can  be  indicated  wiUi  tolerable  certainty ;  bat  the 
greater  number  are  still  so  impeifectly  known  that  they  cannot  be  induaed  in  any 
classification  which  is  not  entirely  artidfial  uid  empirical — G.  C.  F. 

ACOVXno  ACZn.    (>HK)«-(^^'^^y"|o»  [orC»J3r«0^.    Equintie  aM. 

Cfitridie  Acid.  (Gm.  zii  408;  Gerh.  iL  110;  iii.  960;  ir.  922.)— An  add  ibond 
in  the  roots  and  leaTee  of  monkahood  {Aconitum  Napdlw)  and  other  aconites,  and  in 
the  herb  of  Ddpkinium  ConadUda,  collected  after  flowering.  It  is  also  produced  by  the 
metamorphosis  of  dtric  add  nnder  the  influence  of  heat  It  exists  in  the  aconite  ae 
aconitate  of  caldmn,  which  crystallises  out  on  evaporating  the  juice,  and  on  account 
of  its  insolubility  may  by  freed  from  the  colouring  matters  and  other  impmities,  by 
washing  with  water  and  alcohoL  The  aconitate  of  caldum  is  then  dissoWed  in  reiy  dilute 
nitric  add,  and  the  filterod  liquid  is  predpitated  with  acetate  of  lead.  The  aconitate 
of  lead,  after  being  weU  washed,  is  decomposed  by  hydrosulphuric  add,  the  sulphide 
of  lead  filtered  o%  and  the  solution  which  contains  the  aoonitic  add  is  eyaporated  Ur 
dryness,  and  the  reddue  treated  with  ether,  in  which  the  add  dissolres,  leaying  the 
impurities. 

To  obtain  it  from  dtric  add,  the  add  is  heated  till  it  ceases  to  give  off  inflammable 
rapours ;  and  the  reddue  dissolved  in  alcohol  is  treated  with  hydroehlorie  add,  by  which 
aoonitic  ether  is  formed,  and  separates  on  addition  of  water,  as  an  oily  liquid^  which 
by  treatment  with  potaah  is  converted  into  aconitate  of  potaedum.  This  salt  is 
next  converted  into  a  lead  salt,  and  the  add  is  liberated  by  nydrosulphuric  add  as  in 
the  preceding  process. 

On  evaporating  the  ethereal  solution,  it  is  left  as  an  amorphous  mass,  veir  soluble 
in  water,  alcohol,  and  ether.  When  heated  to  160°  it  is  converted  into  an  oily  liquid, 
which  is  itoioonic  acid,  G*H*0*  «  C*H«0«  +  GO*.  It  is  distinguished  from  fiimarie 
add  by  being  more  soluble  in  water,  and  i^m  maldc  add  by  not  crystallising. 

Aconitic  acid  is  tribasic,  and  forms  three  classes  of  sidts,  C'H'M'O";  C'H'(M'H)0* ; 
and  CH'(MH')0',  the  first  and  third  formule  being  doubled  for  salts  of  diatomic  metals. 
The  aconitates  of  ammonium,  potassium,  sodium,  magnesium  and  sine,  dissolve  readily 
in  water ;  the  rest  are  insoluble  or  sparingly  soluble.  The  soluble  aconitates  form 
with  solutions  of  lead  and  diver  white  floccnlent  precipitates,  which  do  not  become 
crystalline  either  by  ebullition  or  after  prolonged  immersion  in  the  liquid,  whereas  the 
lead  and  silver  precipitates  formed  by  fumaric  and  maleic  add  are  czystaUine. 

With  ammonium  and  potauium,  aconitic  add  forms  salts  corresponding  to  each  of 
the  three  formulse  above  given ;  with  Bodium,  a  disodic  and  a  trisotdic  salt.  Aconitate 
of  calcimnt  C"H'Ca'0*'  +  6H'0  ?  occurs  in  Uurge  quantity  in  extract  of  aconite.  It  may 
also  be  prepared  by  dissolving  Ume  in  aconitic  add,  or  by  precipitating  chloride  of 
calcium  wiUi  aconitate  of  sodium.  It  dissolves  in  99  parts  of  cold  water,  more  readily 
in  boiling  water.  The  solution  evaporated  at  a  gentle  heat,  and  without  agitation, 
yields  a  gelatinous  mass  which  dries  up  to  a  gum ;  but  if  a  few  crystals  of  the  salt  be 
introduced  into  the  solution,  the  whole  is  deposited  in  delicate  crjiMa*  AeonUate  of 
mangoMte,  C^H'Mn'O*'  -i-  12H'0,  is  obtained  by  boiling  the  aad  with  carbonate  i^ 
Hiaoganese.  Small  rose-coloured  octahedrons,  sparingly  soluble  in  cold  water.  Aeoni' 
tote  of  lead,  G"H'Pb*0**  •»-  3H'0,  is  sparingly  soluble  in  boiling  water,  and  gives  off 
6-29  per  cent  water  at  U(P,^AconUaU  of  nlper,  C^*Aff'0«.    Nitrate  of  eilver  ia  Dot 
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precipitated  by  the  free  acid,  but  with  the  alkaline  aoonitates  it  forma  a  white, 
amorphous,  sparingly  soluble  precipitate,  which  is  partly  reduced  to  the  metaUie  state 
by  boiliDg  with  water.  

Awnitate  of  Ethyls  C*BP(C*H*^*0*,  is  prepared  by  dissolring  aoonitic  acid  in  fiye 
times  its  weight  of  absolute  aloonol,  and  saturating  the  solution  with  hydrochloric 
add.    On  addition  of  water,  the  ether  separates  in  the  form  of  an  oily  layer. 

It  is  a  colourless  liquid,  haTing  an  aromatic  odour,  and  yeiy  bitter  taste.  Boils  at 
236^,  and  has  a  density  of  1'074,  at  14^ 

JcomtanUie  aeid  or  Fhenyl-afitmUamic  acid.     C«HWO*  -  oj^^^*^)'"'^^^*^' 

!'»TTT4 
-a  t  three  of  the  hydrogen-atoms  in  the  am- 
monium being  replaced  by  the  tiiatomic  radide,  aoonityl,  and  the  fourth  byphenH 
It  is  obtained  by  the  action  of  water  on  the  (not  yet  isolated)  compound,  C*'H'N0*C1, 
produced  by  treating  dtnuiilie  (phenyl-dtramic)  add  with  perchloride  of  phosphorus; 
probably  thus : 

C"H"NO*  +  2PC1»  -  C»«H»N(W1  +  2P0a«  +  SHQ; 

CltranUic  add. 
and  C'*BraOKa  +  HH>  -  C»«H»NO«  +  Ha 

VHien  1  at  dtranilie  add  ia  mixed  with  2  at  perchloride  of  phosphorus,  added 
b^  small  portions,  and  the  action  is  assisted  at  intervals  by  a  gentle  heat,  the  whole 
dissolves,  forming  a  yellow  liquid;  and  on  treating  this  Hquid  with  water,  hydro* 
chloric  add  is  eyolyed,  and  aoonitanilic  add  separates  in  the  mrm  of  a  soft  substance, 
which,  by  solution  in  hot  water  and  cooling,  may  be  obtained  in  small  yellow  needles, 
but  cannot  be  rendered  colourless  even  by  repeated  crystallisation.  The  add  dissolyes 
sparingly  in  water,  easily  in  alcohol,  and  yeiy  easily  in  aqueous  ammonia ;  and  the 
ammoniacal  solution  mixed  with  nitrate  of  silver,  yields  rose-coloured  flakes  of  the 
tUver-Mlt,  C>-H*AgNO«.    (Pebal,  Ann.  Ch.  Pharm.  xcviii.  83.) 

AwnitodiafUl  or  JHphenyl-aeonitoHUamide,  C>«EP«NK)'  -  K*.(C«HK)*.)'''(G<H>)>.H, 
is  produced  (together  with  aconitanilide),  by  the  action  of  aconitic  add  upon  aniline : 

C^«0*  +  2C^'N  «  C'«H»«N«0"  +  8H«0. 

also  by  the  action  of  oxychlorocitric  add  upon  aniline : 

CHHyHJl*  +  2C^'N  -  C»H>«NH)«  +  8H«0  +  2Ha 

It  18  insoluble  in  water,  veiy  sparingly  soluble  in  cold  alcohol.  From  solution  in  a 
large  quantity  of  boiling  alcohol,  it  crystallises  on  cooling  in  slender,  pale  yellow  needles. 
(PebaL) 

Aoonitanaide  or  Tr^henyt-acomUhtriamide,  C»<H«NK)«  -  N\C«H»0»)'"(C^»)».H» 
appears  to  be  formed  simultaneously  with  aconitodianil,  by  the  action  of  aconitie  add 
or  oxychlorodtric  add  on  aniline : 

C^«0«  +  SCra'N  -  C»*H«»NH)»  +  8HK) 
and  C«BK)«C1«  +  3C"H^  -  (?*H«NK)»  +  8H«0  +  2HCL 

It  is  an  amorphous  substance,  insoluble  in  water,  but  venr  soluble  in  cold  alcohol,  and 
is  thereby  easily  separated  from  aconito-dianlL    (Pebal.) 
The  amides  of  aconitic  acid  have  not  yet  been  obtained. 

AOOVXTZVa.  C»H«'NO'  [or  C^H'^NO'*].  (Geiger,  Ann.  Ch.  Pharm.  vii.  269 ; 
M  or  son,  Pogg.  xlii  176;  v.  Planta,  Ann.  Ch.  Phum.  Ixxiv.  246.) — ^The  alkaloid 
contained  in  uie  Jconitum  Napdlua,  and  probably  in  all  the  acrid  aconites.  It  ia 
obtained  by  exhausting  the  leaves  with  alcohol,  saturating  the  extract  with  milk 
of  lime,  separating  the  lime  by  sulphuric  add,  evaporatiiig  the  filtered  solution  of 
sulphate  of  acontine  at  a  gentle  heat  to  expel  the  alcohol,  then  diluting  with  water, 
and  treating  the  solution  with  carbonate  of  potasdum,  which  predpitates  impure 
aconitine.  The  product  is  purified  by  redissolving  it  in  alcohol,  tnating  the  solution 
with  animal  charcoal,  reconverting  the  baae  into  sulphate,  again  decomposing  this 
salt  with  hydrate  of  lime,  and  treating  the  predpitate  with  ether,  whidi  diraolvea 
nothing  but  the  aconitine. 

Pure  aconitine  ia  deposited  from  solution  in  dilute  alcohol  in  white  pulverulent 
grains,  or  sometimes  in  a  compact,  vitreous,  transparent  mass.  It  is  inodorous,  but  has  a 
persistent  bitter,  and  acrid  taste.  It  dissolves  sparingly  in  cold  water,  and  in  60 
parts  of  boiling  water,  forming  a  strongly  alkaline  solution.  It  is  very  soluble  in 
alcohol,  less  in  ether.  At  80^  it  melts  mto  a  vitreous  mass,  without  loss  of  weight ; 
at  120°  it  turns  brown,  and  at  a  higher  temperature  sufiTers  complete  decomposition. 
It  ia  dissolved  without  colour  by  nitric  add.    Sulphuric  add  ccuours  it  first  yellow, 
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then  Tiolet ;  tincture  of  iodine  fonnB  with  it  a  kermes-colonred  precipitate.  It  is  in- 
tensely poisonous,  j^  of  a  grain  sufficing  to  kill  a  sparrow  in  a  few  minutes,  and  ^  of 
a  grain  Killing  it  instantly. 

The  salts  of  aconitine  do  not  aystaUise  readily.  They  an  not  deliquescent,  bat 
dissolTe  essily  in  water  and  sIcohoL  The  solutions  yield  a  precipitate  of  aconitine 
with  alkalies.  The  hydrochtoraU,  C"H^'N0\2HC1,  is  obtained  b;^  passing  diy  h^dro- 
diloric  acid  gas  orer  dry  aconitine.  Its  solution  is  not  precipitated  l^  cmonde  of 
platinum,  but  yields  a  white  precipitate  with  chloride  of  mercury,  yellow  with  chloride 
of  gold,  and  also  with  picric  acid. 

CHK)' ;  the  triatomic  radide  of  aconitic  add  and  its  deriratives. 

A  name  given  by  Laurent  to  the  hydrooarbon,  G*H^.  (See  Aixtlsxs,) 

C^*0  [or  C*B*C^,  (Redtenbacher,  Ann.  Cb.  Pharm.  xlriL 
114;  Qeuther  and  Cartmell,  ibid.  cxii.  1 ;  Hiibner  and  Geuther,  ibid.  cxit.  S6; 
GuL  iz.  866 ;  zii.  650 ;  Gerh.  i.  iy.  779,  914.) — This  body  constitutes  the  acrid  prin- 
dple  prodneed  by  the  destructire  distillation  of  fatty  bodies,  resulting  in  fact  from  the 
decomposition  of  elycerin.  It  is  also  produced  by  the  action  of  platinum-black  or  of 
a  mixture  of  add  chromate  of  potassium  and  sulphuric  add  on  allyl-aloohol,  being  indeed 
the  aldehyde  of  the  allyl  series.      (Cahours  and  Hof  maun.)    (See  Aixtl.) 

Acrolein  is  best  prepared  by  distilling  in  a  capadous  retort  a  mixture  of  elycerin 
and  add  sulphate  of  potassium,  or  phosphoric  anhydride.  When  phosphoric  anhydride 
is  used,  the  distillate  consists  entirely  of  acrolein ;  but  the  contents  of  the  retort 
are  rery  apt  to  froth  over.  With  add  sulphate  of  potassium,  the  distillation  is  easier, 
but  the  acrolein  is  contaminated  with  aczylic  add,  snlphurous  add,  and  other  pnv 
ducts.  The  distillate  is  collected  in  a  receirer  kept  rery  cold,  and  prorided  with 
a  long  disdiaige-tube  passing  into  the  chimney  in  order  to  cany  off  the  rapours, 
which  are  intensely  irritating  to  the  eyes.  To  purify  the  acrolein,  it  is  digested  with 
oxide  of  lead,  which  removes  the  aad  impurities,  then  rectified  in  the  water-bath, 
dehydrated  over  chloride  of  calcum,  and  again  rectified.  As  acrolein  oxidises  very 
rapidly  by  contact  with  the  air,  all  these  operations  must  be  conducted  with  a  stream 
of  diy  carbonic  add  gas  passing  through  the  apparatus.    (Redtenbacher.) 

Hubner  and  Geuther  distil  1  pt.  of  elycerin  with  2  pts.  of  add  sulphate  of  potaonum, 
over  an  open  flame,  the  bottom  of  uie  flask  being  protected  by  wire-gauze,  and  a 

2uanti1^  ox  oxide  of  lead  being  placed  in  the  receiver  to  neutmlise  the  add  productsi 
Lceording  to  these  chemists,  the  process  consists  of  two  stages,  the  add  sulphate  of 
potassium  first  dissolving  in  the  glycerin,  forminff  gbrcerosulphate  of  potassium,  with 
elimination  of  water,  so  uat  the  ftrat  portion  of  tne  £stillate  consists  chiefly  of  water, 
with  but  little  acrolein ;  but^  afterwaras,  when  the  liquid  becomes  more  concentrated, 
the  glycerosulphate  is  decomposed,  and  acrolein  passes  over  with  only  a  small  Quantity 
of  water.  This  latter  portion  of  the  distillate  is  subsequently  purified  as  in  Uedten- 
bacher^s  process. 

Acrolein  is  a  colourless,  limpid,  strongly  refracting  liquid,  lighter  than  water,  and 
boiling  at  62*^4  (Hubner  and  Geuther).  Vapour-density  1'897.  Its  vapour  is  so 
intensely  irritatmg,  that  a  few  drops  difibsed  through  a  room  are  suffident  to  render 
the  atmosphere  insupportable.  It  bums  readily  with  a  dear  bright  flame.  It  dissolves 
in  about  40  parts  of  water,  and  Yery  readily  in  ether.  The  M>lutions  are  neutral  a^ 
first,  but  gradually  tnm  add  by  contact  with  the  air. 

Acrolein  cannot  be  preserved  long,  even  in  dosed  vessels,  as  it  changes  spon- 
taneously into  a  fiooculent  substance  called  by  Redtenbacher  disacryl,  and  more  rarely 
into  a  resinous  substance,  dUacryl-renn,  It  sometimes  solidifies  immediatdy  after 
being  prepared,  even  in  sealed  tubes.  It  undei^goes  the  same  transformation  under 
water,  wmch  at  the  same  time  becomes  charged  with  acrylic,  formic  and  acetic  adds. 
Vapour  of  acrolein  passed  through  a  red-hot  tube  is  decomposed,  with  formation  of 
water  and  deposition  of  charcoal. 

Cauatie  alkalis  convert  acrolein  into  resinous  products.  By  oxidising  agtnt$  it  is 
converted  into  aciylic  add.  ^  It  reduces  oxide  of  silver  with  considerable  evolution 
of  heat,  forming  acr^late  of  silver,  which  remains  dissolved.  Nitrate  of  silver  forma 
with  aqueous  acrolem  a  white  curdy  predpitate  (probably  C*IPAgO)  which,  howevn*, 
gradually  decomposes,  yielding  metallic  silver  and  acrylate  of  silver.  On  adding  a 
few  drops  of  ammonia,  and  boilinff  the  Uquid,  the  silver  is  immediately  reduced,  but 
not  in  the  specular  form  as  with  aldehyde.  IHtric  acid  attacks  acroldn  strongly, 
converting  it  into  acrylic  add.  Strong  nuphuHe  and  blackens  it,  giving  off  sulphoroua 
anhydride  at  the  same  time.  With  ehtorine  and  bromine,  it  forms  heayy  oils,  to- 
gether with  hydrochloric  or  hydrobromic  add.  Perchlcrids  of  jthoupkorus  acts 
violently  on  acrolein,  forming  aichloride  of  allylene  CH^.Cl*  (see  Alltlkms),  and 
another  oily  liquid  which  appears  to  be  isomeric  with  it.  With  actiic  anhydrids^  it 
unites  directly,  forming  the  compound  C'H^O.C^HK)*,  which  is  identical  in  eyeiy 
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TMpMt  with  the  eompouid  resultiiig  from  the  action  of  acetate  of  silTer  on  dichloride 
of  allylene  (Hubner  and  Genther),  and  maj  therefore  be  regarded  as  diacetata  of 
aUylene  (C»H7'.(0'H^.0». 

AcroUmrommonia.  G"H"NK)' « Gi'H>«NH>*.H*0.  Acrolein  acts  atronglj  on 
anunonia,  thrming  a  aolid  compound  (first  obtained  bj  Bedtenbacher) : 

iO^«0  +  2NH»  -  0»«H*N«0«  +  HK). 

It  is  best  prepared  by  gradnaUj  adding  a  saturated  solution  of  smmoniap^  in  alcohol 
to  an  alcoholic  or  eUierral  solution  of  acrolein,  and  precipitatinff  by  addition  of  ether. 
It  is  a  ▼hite  or  yellowish,  amorphous,  odourless  compound  wnidi  turns  brown  at  a 
gentle  heat  and  begins  to  decompose  at  100®,  giving  off  Tolatile  basic  products.  In 
the  moist  state  it  dissolres  readi^  in  cold  water  and  warm  alcohol ;  less  in  hot  water. 
It  disflolyes  readily  in  adds,  and  is  precipitated  therefrom  by  alkalis  and  alkaline 
carbonates.  Hence  it  appears  to  be  a  base.  Its  solution  in  hydrochloric  acid  forms 
with  tetrachloride  of  platinum,  a  light  yellow  precipitate  containing,  when  dried  at 
100«  CWH"N«0«.2HCl.Ptn«.  or  2(OH»K0.HCl).PtCl*.    (Hubner  and  Geuther.) 

AoroUin  wUh  Acid  Sulpkite  of  Sodium,  — ^When  acrolein  is  poured  into  in  aqueouit  so- 
lution of  acid  sulphite  of  sodium,  its  odour  is  destroyed,  and  by  eyaporation  over  the 
water-bath,  a  brown  deliquescent  syrup  is  obtained  which  does  not  deposit  crystals, 
aqd  from  which  neither  acrolein  can  be  separated  by  boiling  with  carbonate  of  sodium, 
nor  sulphurous  add  by  boiling  with  sulphuric  acid.    (Hiibner  and  G-euther.) 

HydrooMloraU  of  Acrolein^  (^HH>.HGL  Produced  by  passing  dry  hydrochloric 
acid  gas  into  anhydrous  acrolein  in  a  xessel  surrounded  by  cold  water.  The  yisdd 
product,  washed  and  dried  orer  oil  of  vitriol  in  yacuo,  yields  hydrochlorate  of  acrolein 
as  a  mass  of  relretj  orstals,  which  melt  at  32^  into  a  thick  oil,  having  the  odour 
of  randd  fiit  It  is  insoluble  in  water,  but  readily  soluble  in  alcohol  and  ether,  on 
the  evaporation  of  which  it  remains  as  a  thick  oiL  It  is  resolved  by  heat  into 
acrolein  and  hydrochloric  acid.  It  is  not  apparently  altered  by  boiling  with  water, 
or  by  the  action  of  dilute  solutions  of  the  alludis.  Heated  with  ammonia  to  100®  in  a 
sealed  tube,  it  yields  chloride  of  ammonium  and  acrolein-ammonia.  Strong  hydro- 
chloric add  decomposes  it,  settingthe  acrolein  free ;  a  similar  action  is  exerted  by 
dilute  sulphuric  or  nitric  add.  Hydrochlorate  of  acrolein  in  alcoholic  solution  does 
not  combine  with  dichloride  of  platinum,  and  very  slowly  reduces  a  boiling  ammo- 
niaciU  solution  of  nitrate  of  silver. 

Crsseous  hydriodie  acid  passed  into  acrolein  exerts  a  violent  action,  attended  with  a 
hissing  noise  like  that  of  rad-hot  iron  plunged  into  water.  The  product  is  a  resinona 
body  which  is  insoluble  in  alcohol,  etner,  adds  and  alkaUs,  gives  off  iodine  when 
heated,  and  yields  a  small  quantity  of  free  iodine  to  bisulphide  of  carbon. 

MsTACBoxjmr.  Hydrochlorate  of  acrolein  heated  with  hydrate  of  potassium  gives 
off  hydrogen,  and  yields  an  oily  distillate,  which  solidifies  in  magnificent  colourless, 
needle-shaped  crystals,  oonsistine  of  metacrolein,  a  compound  isomeric  or  more  pro- 
bably polymeric  with  acrolein.  It  is  lighter  than  water,  has  an  aromatic  odour,  and 
a  cooling  taste  with  burning  after-taste.  It  melts  at  60®,  solidifies  at  about  46®,  or 
volatilises  a  little  before  mdting,  so  that  it  may  be  distilled  with  vapour  of  water. 
By  heat,  it  is  ehanp;ed  into  common  acrolein.  It  is  not  affected  by  dilute  alkalis, 
but  when  heated  with  mineral  adds  it  is  changed  more  or  less  into  acrolein.  In 
a  stream  of  dry  hydrochloric  add  gas,  it  melts  and  is  converted  into  the  hydrochlorate 
of  acrolein  above  described.  Hence  it  is  probable  that  the  compound  so  named  is 
really  a  hydrochlorate  of  metacrolein^  perhaps  C*H*0'.2HGL 

Hydriodate  of  Metacrolein  is  produced  by  passing  dry  hydriodic  add  gas  over  meta- 
crolein, as  a  heavy  yellow  liquid  which  resembles  the  hydrochlorate  in  taste  and 
appearance,  and  after  washing  in  water,  shows  a  tendency  to  ciystaUis«  at  ordinaiy 
temperatures.  When  placed  over  oil  of  vitriol,  it  decomposes,  turning  brown  and 
giving  off  iodine. 

Hydriodic  add  gas  acts  violently  upon  acrolein,  producins  a  rednous  substance 
which  is  insoluble  in  alcohol,  ether,  acids  and  alkalis,  and  gives  up  iodine  when 
heated  or  when  digested  with  bisulphide  of  carbon.    (Geuther  and  Gartmell.) 

ACmTUEC  ACXO.  0»H«0««C«H«O.HO  (or  <7«jy*0«).  (Gm.  ix.  369;  Gerh. 
783 ;  iv.  914.)  Acrolcic  add.  This  acid,  discovered  by  BedteniMtcber,  is  produced  by 
the  oxidation  of  acrolein.  The  best  agent  to  employ  is  oxide  of  silver,  which,  when  di- 
gested with  acrolein,  yields  a  deposit  of  metallic  silver,  and  a  solution  of  aciylate  of 
silver.  This  salt  is  decomposed  by  hydrosulphnric  acid,  and  the  acrylic  acid  thus  set 
free  is  purified  by  rectification.  It  is  necessair  carefully  to  cool  the  vessel  during  the 
decomposition  of  the  silver  shU  ;  otherwise,  the  heat  developed  is  so  great  thst  an 
explosion  results.  The  acid  is  likewise  obtained  by  the  action  of  chromic  acid  on 
oxide  of  allyl.    (Hofmann  and  Ca hours.)    (Sec  Alltl.) 
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When  purified,  it  is  a  eolonzleBi  liquid,  of  an  agreeable,  sliglitljr  enipypeamatie 
odonr.  It  ia  miscible  with  water  in  all  proportions,  and  its  boiling-point  is  inta^ 
mediate  between  that  of  formic  and  acetic  aciok. 

It  IB  a  monobasic  add,  its  salts  having  the  formula,  C(H'M)0'.  They  dosdj 
reiiemble  the  formates  and  acetates,  and  are  generally  rerr  soluble  in  water. 

Adulate  of  Sodium.  2C*(H>ya)0*  -¥  6HK),  is  obtained  by  satnratiiip;  the  add  with 
carbonate  of  sodium  and  evaporating.    It  crystallises  in  trazispazent  prisma. 

Acrylate  of  Barium.  0(HoBa'')0«,  is  also  a  soluble  salt 

Acrylate  of  SUver,  C\H'Ag)0',  forms  white  needles,  having  a  silky  lustre,  and 
very  soluble  m  water. 

Adulate  of  Ethyl  is  obtained,  though  not  in  the  pure  state,  by  dist.i11ing  acrylie 
add,  or  its  sodium  or  barium-salt  with  alcohol  and  sulphuric  addl  (Redtenbacher.) 

AOT13ro^IT&    A  variety  of  Hornblende  (q.  v.) 

AD AlKAinF.    See  Diamond.  —  ill»il1lirilJiTlJia  99MMm    See  CovuimviL, 


ASAPrat  or  ABO  VTMBi  A  piece  of  tube  of  moire  or  leas  eonical  fsrm,  used 
to  dongate  the  neck  of  a  retort,  and  to  connect  it  with  a  receiver. 

(See  CoHBSioK.) 

(SeeSLATB.) 

ABIAVBAVOVB  SVAS.    (See  GBHUDfira  and  SaussunrrB.) 

ADZVO&S.  A  compact  impure  felspar,  better  known  as  petronUx.  It  difien 
from  jaspar,  which  it  otherwise  much  resembles,  in  being  fusible  before  the  Uowpipe. 

ABIFZO  ACZB.  C«H»0*  -  0»  j  ^^I^*,  [or  O^W*(f^O*H^0^AHO\.  Adibano 

add  forminff  the  fifth  term  of  the  series  C*H*  -  K)^  the  lowest  term  of  which  is  oxalic  add, 
C^EPO^,  and  the  highest  at  present  known,  sebadc  acid,  C^'H>'0*.  It  is  produced  by 
the  action  of  nitric  add  on  oleic  acid,  suet,  spermaceti,  and  other  fatty  bodies.  To  pre- 
pare it,  tallow  or  suet  is  boiled  in  a  capadous  retort  with  nitric  add  of  ordinazy  strength, 
which  must  be  frequently  renewed,  and  the  distillate  poured  back  till  the  fatty  matter 
disappears  and  oystals  separate  on  cooling.  The  liquid  is  then  evaporated  over  the 
water-bath  till  it  solidifies  in  a  cnrstalline  mass  on  oooHng ;  this  mass  is  washed  in  a 
ftumd,  first  with  strong  nitric  acid,  then  with  dilute  nitric  acid,  and  lastly  with  cold 
water;  and  the  add  is  fballypurified  by  cnrstallisation  from  boiling  water  (Malaguti). 
Other  adds  of  the  same  series  are  doubtless  formed  at  the  same  time ;  but  according 
to  Malaguti,  the  crystals  obtained  in  the  manner  just  described  have  all  the  same 
appearance,  excepting  the  veiy  last.  Wirz  (Ann.  Ch.  FharoL  dv.  257)  obtains  this 
acid,  together  witn  several  other  members  of  the  series,  by  tiie  continued  action  of  nitric 
add  on  the  solid  fatty  adds  of  cocoa-nut  oit  The  action  is  continued  for  several 
weeks  till  the  mass  solidifies  to  a  crystalline  magma.  This  product  is  resolved  by 
water  into  a  mixture  of  several  adds  of  the  above  series,  and  a  heavy  oil ;  and  the 
adds  are  separated  one  from  the  other  by  fractional  crystalliBation  firom  water  and 
alcohol,  and  lastly  by  fractional  crystallisation  of  the  silver-salts.  (See  An cHoic  Acm. ) 

The  add  separates  from  its  aqueous  solution  in  cnrstalline  crusts  composed  of  soft, 
white,  opaque,  nemispherical  nodules,  which  appear  to  be  aggregations  of  smaller  crystals. 
According  to  Wiiz,  these  crystals  dried  at  100^  contain  water  of  crystallisation,  their 
formula  being  2C«H>«0«  +  HH)  [anaL  46-2,  46-4  and  47'8  p. o. carbon,  6*6  and  68 
p.  c.  hydrogen ;  calc.  46*4  C  and  7*0  H].  At  140^  they  mdt  and  give  off  water, 
leaving  the  anhydrous  acid  C*H>'0*  [analysis,  48*2,  ana  48*3  C ;  6*8  and  6*9  H ; 
calc.  49.  3  G  and  6*8  H]  ;  which  soon  afterwards  sublimes  in  long  dender  needles  [the 
sublimed  add  gave  by  azialysis  49*5  0  and  6*6  HI. 

100  parts  of  water  at  18^  dissolve  7*73  of  the  crystallised  add:  a  hot  solution 
which  deposited  crystals  abundantly  on  cooling,  still  retained  8*61  pts.  of  the  acid  in 
100  pts.  at  18^  (Wirz).    The  add  dissolves  very  readily  in  hot  alcohol  and  ether. 

The  adipates,  C'H^H)*,  are  for  the  most  part  soluble  in  water  and  cxTstallisable ; 
insoluble  in  aloohoL  The  ammoniumrBalt  oystallises  in  needles  (Laurent,Bromeis). 
The  barium-B9Xt  dried  over  sulphuric  add,  forms  opaque  warty  masses  not  containing 
water  of  crystallisation  (Wirz).  The  strontium'Balt  forms  microscopic  needles  con- 
taining 2C*H'St''0*  -f  3HK)  (Laurent).  The  calcium-salt  resembles  the  barium-salt 
in  appearance,  but  contains  1  atom  of  water  [C*H'CaO*  +  H'Ol  which  is  given  off 
between  100°  and  200°  rWirz).  The  silver-tatt,  C^H'Ag'O*,  obtained  by  precipiUting 
the  ammonium-salt  witn  a  considerable  quantity  of  nitrate  of  diver,  is  a  white 
powder, 

Adipate  of  Ethyl,  C*HK)«  (C«H»)«,  obtained  by  saturating  the  alcoholic  solution  of 
the  add  with  hydrochloric  acid  gas,  is  a  yellowish  oil  of  ep.  gr.  1*001  at  20*5<>  which 
boilB,  with  decompodtion,  at  230°.    It  has  a  strong  o^ur  of  apples  and  a  bittor 
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OBOftae  taflto.    Chlofine  deeompoMS  it,  giTing  off  hydrocfalorio  acid  and  fbrmiog  s 
▼iBooiia  mass.    (MalagutL) 

AHIFOCaRa.  (From  adem^  fkt;  and  eera,  wax.)  A  peculiar  frfiite  salwtance,  pfo- 
dnoed  by  the  deoompoaition  of  animal  matters  nnder  the  influence  of  moistoie  and  in 
aitnationa  from  which  the  air  ia  exdnded.  It  was  first  fonnd  by  Fonrerojin  the  OimetUre 
dss  Innocents  at  Paris.  A  nnmber  of  ooffina  had  been  piled  one  npon  another,  and 
z«mained  intflarred  for  about  20  years.  The  bodies  were  found  compressed,  aa  it  were, 
at  the  bottom  of  the  ooffina,  and  conrerted  into  a  soft  white  substance  resembling 
cheese,  which  bore  the  imprints  of  the  linen  in  which  they  had  been  wrapped.  This 
matter  endoaed  the  bones,  which  were  broken  on  the  alightest  pressure.  It  wis 
found  to  oQoaist  diisfly  of  maxgazate  of  ammoninm  together  with  the  mazgaratei  of 
potassium  and  calcium. 

(See  Fmlspab.) 

(See  EDSLTOBflns.) 


or  ASOTBXV.  (Handwort  d.  Chem.  i  169.)  A  mineral  of  the 
angite  ffimily,  occurring  in  the  nei^bourhood  of  Brerig  in  Norway,  sometimes  in  reiy 
large  and  well-deflned  crystals  bmonging  to  the  monodinic  Bvstem,  and  haying  the 
general  character  and  dearage  of  angite.  Colour  greeniah«blBck  to  iMk-green.  Lustre 
Titreous.  The  edges  exhibit  Tarious  desrees  of  tranducence,  down  to  complete 
opadty.  Sp.  gr.  3'43  to  8*60.  Hardness  about  that  of  orthodaae.  The  mineral  con- 
taina  a  considerable  quantity  of  iron,  partly  in  the  state  of  protoxide,  partly  of  aeaqui- 
oxide^  besides  alumina,  lime,  magneaia,  and  aoda,  aometimea  also  protoxide  of  man- 
ganese and  potash,  aasociated  with  silica,  and  sometimes  with  titanic  add.  The 
formula  is  not  perfectly  eatabiiahed,  but  it  ia  probably  of  the  general  form, 

8(M«O.SiO»)  +  ii(M«0».38iO»)  -  33i«SiO»  +  «M«SiK)« 

AXBATSS  VATXRS.    (See  Cabbomio  Acxd  and  WxTxa.) 

ASROUTB.    (SeeHBTaoBm.)~AaMMUTa.    (See  PTRABOTBm.) 

AS8CU I M ITJIL  (Handwort.  d.  Chem.  i.  192.)  A  mineral  oeeurring  at  Miask  in 
the  Ural,  and  consisting,  according  to  HartwalTa  analysis,  of  56  titanic  add,  20 
Eirconia,  16  eerie  oxide,  3*8  lime,  2*6  ferric  oxide,  0*6  stannic  oxide  (making  together 
97*9),  but  according  to  Hermann's  more  recent  aralysis,  of  26*90  titanic  add,  33*20 
colambic  add,  22*20  oeric  oxide,  6*12  cerous  oxide,  6*46  forrous  oxide,  6*22  oxide  ot 
lanthanum,  1*28  vttria,  and  1*20  water  («  100*67).  By  ita  crystalline  form  and 
properties,  aa  well  as  by  its  chemical  constitution,  it  appears  to  be  doedy  related 
to  Polymignite,  Polycraae,  Euxenite,  &c 

AJWCU&BXnr  or  mmcUIMTXM.  CH*0\  or  C^H*0^.  A  product  of  the  de- 
composition of  sesculin,  discovered  in  1853  by  Rochleder  and  Sehwarta  (Ann.  Ch. 
Pharm.  ixxxrii.  186;  IxxxviiL  366),  and  independently  by  Zwenger  (ib.  xc  63). 
It  is  obtained^  1.  By  boiling  saoulin  with  hydrochloric  or  dilute  sulphuric  acid.  The 
liquid  on  cooling  depoatts  a  crjatalline  mass  which,  when  washed  with  cold  water, 
diasolred  in  h(£  alcohol,  and  treated  with  acetate  of  lead,  yields  a  lead-compound  ol 
ssculetin  from  whidi  the  latter  ma^  be  aeparated  by  hydrosulphuric  add. — 2.  A 
cold  aaturated  solution  of  aescnlin  mixed  with  emulsin  (the  fermenting  principle  of 
sweet  almonds)  and  left  in  a  warm  place,  depodts  after  a  while,  sm^  crystals  of 
esculetin. 

AjBculetin  forms  shining  needles  or  scales  which  are  bitter,  sparingly  soluble  in 
cold  water  and  alcohol,  more  soluble  in  the  same  liquids  when  warm,  but  nearly  in- 
soluble in  ether.  The  aqueous  solution  is  fluorescent  like  that  of  ssculin  (q.  v.),  but 
in  a  much  less  degree ;  tne  fluorescence  is  howcTer  condderably  exalted  by  addition 
of  a  small  quantity  of  carbonate  of  ammonium. 

When  ^jzudually  heated,  it  gives  off  6*64  p.c.  water  at  100,  mdts  above  270®,  and 
then  distils  with  decompodtion.  Hydrochloric  acid  dissolves  it  without  alteration ; 
nitric  add  converta  it  mto  oxalic  add.  It  ia  also  decomposed  by  hot  concentrated 
sulphuric  add.  It  dioolvea  in  alkalis,  forming  solutions  of  a  fine  gold'yeUow  cdour ; 
its  solution  in  boiliuff  aqueous  ammonia  deposits  on  cooling  a  yellow  substance,  which 
decompcsea  rapidly  m  contact  with  the  air.  JEsculetin  imparts  a  dark  green  colour 
to  feme  salts.  It  reduces  nitrate  of  silver  at  the  boiling  heat;  predpitates  red  oxide 
of  copper  firom  cupric  salts  dissolved  in  potash ;  and  forms  with  acetate  of  lead  a  yeUow 
predpitate  containing  C*H^Pb''0^ 

AUCIflsXO  ACZB.  Obtained  as  a  white  predpitate  l>y  boiling  sopomn  (a 
substance  contained  in  the  horse-chesnut  and  in  many  other  plants)  with  dilute  hydro- 
chloric or  sulphuric  acid,  or  by  boiline  saponin  with  potash-ley  and  decomposing  the 
resulting  Eeeculetate  of  potassium  witn  an  add.  It  is  insoluble  in  water,  but  soluble 
in  alcohol,  and  ia  depodted  therefrom  in  granular  crystals  on  oooling.    Nitric  add 
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tmurfbrma  it  into  a  yellow  resinoiifl  nitro-eompoimd.  It  is  bat  a  weak  acid.  Tha 
alkaline  aesculates  are  solnble  .in  water,  and  ciyatallise  from  eolation  in  aloohoL 
The  formnla  of  aesealie  add,  according  to  Fremj  (Ann.  Ch.  Fhys.  [3J  Iriiii.  101)  ii 
CMH<•0'^  Bollej  (Ann  CL  Pharm.  xe.  211),  who  calls  it  Bapoffemn,  assigns  to  it 
the  formnla  C"H>"0^  According  to  Rochleaer  and  Sehwars  (Ann.  Gh.  Pharm. 
Irxxviii  357)  it  is  identical  with  cMnopoHe  aoid  CH^K)*. 

ABftCV&ZJr  or  BSOV&nr.  C"H**0'",  or  C**IP'0',  (Gerh.  ir.  291,  Hand* 
wort  d.  Chem.  i  196.)  A  crystalline  flnorescent  substance  obtained  from  the  baik 
of  the  horse-chestnut  (Aeseulus  Bippocastanum)  and  of  other  trees  of  the  genera 
Aegculus  and  Pavia,  It  was  first  observed  by  Frischmann,  more  closely  LDrestigated  by 
Trommsdoxff  the  younger  in  1836  (Ann.  Ch.Phann.adT.198),  afterwards  by  Bochleder 
and  Sehwars  (ibid.  Izxzvii  186 ;  Izzzriii  166),  and  by  Zwenger  (ibid,  zc:  63^ 

The  aqueous  extract  of  the  bark  is  precipitated  with  acetate  of  lead ;  the  precipitate 
is  washed,  suspended  in  water,  and  decomposed  by  hydrosulphuric  acid ;  and  the  uquid 
is  filtered  at  tne  boiling  heat.  Or  better :  the  aqueous  extract  is  mixed  with  solution 
of  alum  and  excess  of  ammonia ;  the  liquid  filtered  to  separate  the  fawn-coloured  pre- 
cipitate of  alumina  mixed  with  the  colouring  matter  of  the  bark ;  the  yellowish  filtrate 
nentralised  with  acetic  acid  and  evaporated  to  dryness ;  the  residue  containing  the 
sulphates  and  acetates  of  potassium  and  ammonium,  boiled  with  a  little  strong  alcohol 
to  extract  the  asculin ;  the  alcoholic  filtrate  evaporated  till  it  aystallises ;  and  the 
tBscolin  thus  obtained,  is  purified  by  pressure  between  bibulous  psper,  and  rectystallisa- 
tion.    (Bochleder,  J.  pr.  Chem,  IxxL  414 ;  Chem.  Oaz.  1868,  96.) 

Aesenlin  forms  colourless,  needle-shaped  crystals.  It  is  inodorous,  has  a  bitter 
taste,  is  sparingly  soluble  in  cold  water  and  alcohol,  more  soluble  in  the  same  liquids 
at  the  boiling  heat,  and  nearly  insoluble  in  ether. 

Aesculin  is  coloured  red  by  chlorine ;  it  forma  a  yellow  precipitate  with  subacetate 
of  lead,  and  reduces  the  protoxide  of  copper  to  suboxide,  like  glucose.  Jt  melts  at  160° 
and  decomposes  at  a  somewhat  higher  temperature,  yielding  rarious  products  among 
which  is  a  small  quantity  of  aseoletine.  Boiled  with  hydrooilorie  or  dilute  sulphuiio 
acid,  it  is  resolyed  into  seseuletin  and  glucose : 

C«»H»*0"  +  3HK)  -  On*0*  +  2GVHy 

The  aqueous  solution  of  Ksculin  is  highly  fiuorescent  (see  LiOKr),  the  reflected  U^ht 
being  of  a  sky-blue  colour.  Nearly  the  same  fiuorescent  tint  is  odiibited  by  an  in* 
ftision  of  horse-chestnut  bark.  The  colour  is  howerer  slightly  modified  by  the  presence 
of  another  fluorescent  substance, ^vtta,  recently  discorered  by  Prof.  Stokes  ^Chem. 
Soc  Qu.  J.  xL  17).  The  latter  is  separated  from  SBSCulin  by  its  greater  solubility  in 
ether.  Its  solution  exhibits  a  blue-green  fluorescence.  Aesculin  and  paTiin  appear  to 
exist  together  in  the  barks  of  all  species  of  the  genera  Aaculus  ana  Pavio,  aesculin 
being  however  more  abundant  in  toe  former  and  paviin  in  the  latter  (see  pAvmr). 
The  fluorescence  of  both  nseulin  and  paviin  is  augmented  by  alkalis,  bat  oeetroyed  by 
acids. 

(See  CK11X.J 

KTUlJUt  sc.    (See  Ethbb,  Ethtl,  &c.) 

COV8.  An  old  pharmaceutical  term  applied  to  various  mineral  preparationa 
of  black  colour  or  approaching  thereto:  e,  ff.  Aethiopa  antinumialis  obtained  by 
triturating  together  mercury,  sulphide  of  antimony,  and  sulphur ;  Aethiopa  martiaUa 
black  oxide  of  iron ;  Aethiopa  f/uneralU^  black  sulphide  of  mercury  obtained  by  tritu- 
rating mercury  with  sulphur;  Aethiopa  narcotieui  (or  hypnoticus^)  sulphide  of  mer- 
cury obtained  by  precipitation ;  Aeth&paper  se,  the  grey  powder  obtained  by  exposing 
impure  mercury  to  the  sir. 

ABTBOXZXRZV.    The  yellow  colouring  matter  of  the  flowers  cf  AsUirrkinum 
Linaria. 

(See  Chbhical  Affihitt.) 
(See  Aphtomitb.) 


[from  ieyaXna,  an  image;  and  Xi0os,  stone];  BUdatem. 
This  name  was  originally  given  to  a  soft  mineral  or  rather  a  number  of  such 
minerals  used  bv  the  Chinese  for  carving  grotesoue  flguies  and  idols.  These  minerals 
varv  in  colour  from  greyish-ereen  to  yellow  ana  red ;  they  are  all  more  or  less  soft 
and  unctuous  to  the  touch  and  capable  of  being  cut  and  polished. 

The  Chinese  agalmatolites  are  of  three  kinds :  viz. 

1.  Hydrated  silicates  of  aluminium  and  potassium : 

a.  9SiO«.3Al«0«.lK*0.3HK)  -  BSiC^.^M'O'AKO.ZHO 

b,  3SiOMAl«0".M«0.lH''0    «  68iO'.ZAPO'.2MO:ZHO 

*  N  drnotrt  poUtfluni,  •oditiin, calcium,  magiiesiitn.  ftc.    Si  ^W;  Si mm2\. 
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%  Hjdzmted  nlieates  of  aluminium. 

a.  9SiO«.2Al*0».6HH)  -  ZSiG'.lAl»a,ZHO 
b.  16SiO«.4AlH>«.4H«0  -  6ai0^.2APO'.2HO 

8.  Hydiated  ffili^ft*^  of  magnesiam : 

16SiO«.12Mg"0.4HK)  -  bSi€^AMgO,2HO 

There  are  alao  Beveral  European  minerals  which  in  compodtion  and  physical  cha- 
racter closely  zesemble  the  Chinese  agalmatolites. 

4.  A^almatolite  from  Magyag  in  Hungary  has  the  same  composition  as  the  Chinese 
mineral,  1,  a. 

6.  Agalmatolite,  from  Ochsenkopf  in  the  Saxon  Han,  and  Onionn  from  Posseggen 
in  Salzburg,  hare  a  composition  expressed  by  the  formula : 

'     8SiO«.8Al«0«.2M«0.3HK)  -  eSi(^.ZJPC^.2M0.ZB0. 

6.  Mother  o/IHtupore,  a  mineral  in  which  the  diaspore  of  Schemnitz  in  Hungary  ii 
interoown,  has  the  composition  2,  a  above. 

7.  Faropkite  from  Canada  has  a  composition  corresponding  to  the  formula : 

»SiO».aAlK)«.3MK).4jH'0  -  6AO«.8^0".3f0.4JJErO 

8.  DysvntribiU,  from  Diana  and  other  localities  in  St.  Lawrence  county,  New  York, 
appears  luso  to  hare  a  eonstitution  resembUng  that  of  the  agalmatolites. 

9.  Kaolin^  which  is  a  hydrated  silicate  of  aluminium,  containing 

(2SiO«jU«0«.2H*0)  -  ^mO'.ZAPC^AHO, 

exactly  resembles  the  agalmatolites  in  physical  character. 

10.  NeoliU,  from  Eisenach  and  other  localities,  containing 

9SiO«JU«0».3MH).H*0=  eSiO',lAl'(^,ZM0.lH0, 

also  forms  masses  resembling  agalmatolite. 

All  these  minerals  haye  a  specific  gravity  ranging  from  2*75  to  2*86 ;  rarely  as  high 
as  2*90.  In  hardfuww,  they  are  intermediate  between  gypsum  and  calcspar.  They  an 
more  or  less  translucent,  unctuous  to  the  touch,  do  not  adhere  to  the  tongue,  and 
are  eaaily  carved  and  wrought. 

The  true  agalmatolites  are  1,  a  ;  4,  5,  6,  and  7 :  the  zest  may  be  regarded  as  allied 
species.    (Handw.  d.  Chem.  L  875.) 

(See  TiniQuoxsB.) 

or  Bengal  Isinglass:  a  dried  sea- weed  horn  Singapore,  consisting 
of  small  transparent  colourless  strips,  is  almost  completely  soluble  in  water,  and  forms 
a  large  quantity  of  thick,  tasteless,  and  odourless  jeUy. 

(See  AxANXinr.) 

A  genus  of  the  order  Fungi.  Many  fhusi,  especially  of  the  genus 
Agorieut  an  commonly  used  as  food,  and  it  is  remarkable^at  the  amount  of  nitrogen 
contained  in  thexr  dried  substance  exceeds  that  in  peas  and  beans,  which  are  generally 
zeoided  as  the  most  nutritious  of  all  articles  of  food. 

The  following  table  exhibits  the  percentage  of  nitro^  and  of  ash  in  various  species 
of  fiingi,  as  determinedby  Sch loss D erg er  andDoppi  ng  (Ann.  Ch.  Pharm.  lii.  106  to 
120).  The  plants  were  dried  at  100^  C.  The  quantity  of  water  averaged  about  90 
percent 

NitroRen. 
Agarieu9  deUeiatuM         ....    4*68    . 

.    7*26    . 
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gliuHno9u» 
rustula  . 
eanikanUus 


BoUtusmmns 
Lj/9operd<m  0okmaitim 
Alyvoru$  fomaUanuB 
Dmaalea  guermna  . 


4*61 
4*25 
3*22 
6*34 
4*7 
616 
4*46 
819 


Ash. 
6*9 

19*82 

4*8 

9*5 

11*2 

6*80 
5-2 
8*0 
8*1 


The  ash  eontains  a  larj^  proportion  of  phosphates.  The  solid  tissue  of  fbngi,  toiw 
merly  regarded  as  a  peculiar  saostanoe^  fwn^n^  is  nothing  but  cellulose:  it  may  be  ex- 
tracted by  treating  the  ftingi  sucoessivelv  with  water,  weak  soda-ley,  hydrochloric  acid, 
and  aloohoL  Agarics  were  found  1^  Schloesberger  and  Bopping  to  contain  mannite  and 
fermentable  sugar,  but  no  starch.  ^  The  add  contained  in  agarics  and  other  ftingi  was 
formerly  supposed  to  be  of  peculiar  nature,  and  called  hMetU  orfungio  add;  but  it 
has  been  shown  by  Bolley  ana  Bessaignes  that  many  agarics  contain  ftimaric  add,  some- 
times associated  with  malic,  dtric,  and  phosphoric  add. 
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the  mountain  mUk^  or  mountain  meal,  of  the  Ger- 
mazm,  is  one  of  the  purest  of  the  natiye  carbonates  of  lime,  found  chiefly  in  the  defts  of 
rocks,  and  at  the  bottom  of  some  kJEes,  in  a  loose  or  semi-indnrated  form. 

The  name  of  mineral  agaric,  ot/osHI  meal,  was  also  applied  bj  Fabroni  to  a  stone  of 
a  loose  consistence  fonnd  in  Tuscany  in  considerable  abondance,  of  which  bricks  may  be 
made,  either  with  or  without  the  addition  of  a  twentieth  part  of  day,  so  light  as  to  float 
in  water,  and  which  he  supposes  the  ancients  used  for  miUdng  their  floating  bricks, 
This,  however,  is  rery  different  from  the  preceding,  not  being  even  of  the  cucareous 
genus,  since  it  appears,  on  analysis,  to  be  a  hydrated  silicate  of  magnesium  mixed  with 
Bme,  alumina,  and  a  small  quantity  of  iron.    Kirvran  calls  it  ar^mMnuriie, 


A  mineral,  whose  basis  is  calcedony,  blended  with  Tariable  proportions 
of  jasper,  amethyst,  quartz,  opal,  heliotrope,  and  camelian.  Ribbon  agate  consists  of 
alternate  and  parallel  layers  of  calcedony  with  jasper,  or  ijuartz,  or  amethyst  The 
most  beautiful  comes  from  Siberia  and  Saxony.  It  occurs  in  porphyry  and  gneiss. — 
Breodated  agate  ;  a  base  of  amethyst^  containing  fragments  of  nbbon  agate,  constitutes 
this  beautifu  variety ;  it  is  of  Saxon  origin. — Fortification  aaaie,  is  found  in  nodules 
of  various  imitative  shiq)eB,  imbedded  in  amygdaloid.  This  occurs  at  Oberstein  on 
the  Rhine,  and  in  Scotland.  On  cutting  it  across  and  polishing  it,  the  interior  zig-zag 
parallel  lines  bear  a  considerable  resemblance  to  the  plan  of  a  modem  foitiflcation.  In 
the  very  centre,  quartz  and  amethyst  are  seen  in  a  splintexy  mass,  surrounded  by  the 
jasper  and  calcedony. — Mocha  stone.  Translucent  calcedony,  containing  dark  outlines 
of  arborisation,  like  vegetable  filaments,  is  called  Mocha  stone,  from  the  place,  in  Arabia, 
where  it  is  chiefly  found.  These  curious  appearances  were  ascribed  to  deposits  of  iron 
or  manganese,  but  more  lately  they  have  been  thought  to  arise  from  mineralised  plants 
of  the  cryptogamous  clsss. — moss  agate,  is  a  ealcedon^y  with  variously  coloured  ramifi- 
cations of  a  vegetable  form,  occasionally  traversed  with  irregular  veins  of  red  jasper. 
Ihr.  M'Culloch  has  detected,  what  Baubenton  merely  ooiyectnred,  in  mocha  ana  moss 
agates,  aquatic  oonfervse,  unaltered  both  in  colour  and  form,  and  also  coated  with  iron 
oxide.  Mosses  and  lidiens  have  also  been  observed,  along  with  chlorite,  in  vegetations. 
An  onyx  agate  set  in  a  ring^  belonging  to  the  Earl  of  Powis,  contains  the  chrysalis  of 
a  moth. 

Agate  is  found  in  most  countries,  chiefly  in  tr^  rocks  and  serpentine.  Hollow 
nodi3eB  of  agate,  called  foodes,  present  interiorly  crystals  of  quartz,  colourless  or 
amethystine,  having  occasionally  scattered  crystals  of  stilbite,  chabasite,  and  capillary 
mesoty^  These  geodes  are  very  common.  Bitumen  has  been  found  bv  M.  Patrin 
in  the  inside  of  some  of  them,  amon^  the  hills  of  Bauria,  on  tiie  right  bank  of  the 
Chilca.  The  small  geodes  of  volcanic  districts  occasionally  contain  water  in  their 
cavities.  These  are  chiefly  found  in  insulated  blocks  of  a  lava  having  an  earthy 
fribcture.  When  they  are  cracked,  the  liquid  escapes  by  evaporatbn ;  it  is  easily  re- 
stored by  plunging  them  for  a  little  in  hot  water.  Asates  are  artificially  oohmred  by 
immersion  in  met^c  solutions.  Agates  were  more  in  demand  formerly  than  at  present* 
They  were  cut  into  cuns  and  plates  for  boxes ;  and  also  into  cutlass  and  sabre  handles. 
They  are  still  cut  ana  poUshed  on  a  considerable  scale  and  at  a  moderate  price,  at 
Oberstein.  The  sur£EU»  to  be  polished  is  first  coarsely  ground  by  lar^p  millstones  of 
a  hard  reddish  sandstone,  moved  by  water.  The  polish  is  afterwards  given  on  a  wheel 
wMT  soft  wood,  moistened  and  imbued  with  a  fine  powder  of  a  hard  i^tripoli  found  in 
the  neighbourhood.  M.  Fanjas  thinks  that  this  tripoli  is  produced  by  the  decomposi- 
tion of  the  porphyrated  rock  which  serves  as  a  gangue  to  the  agates.  The  ancients 
employed  agates  for  making  cameos  (see  Galcxdont^.  Agate  mortars  are  valued  by 
anidvtical  chemists,  for  reducing  hard  minerals  to  an  impalpable  powder. 

The  oriental  agate  is  almost  transparent,  and  of  a  vitreous  sppearance.  The  ocdden- 
tal  is  of  various  colours,  and  often  veined  with  quarts  or  jasper.  It  is  mostly  found 
in  small  pieces  covered  with  a  crast»  and  often  running  in  veins  through  rocks  like 
flint  and  petrosilex,  from  which  It  does  not  seem  to  dififeir  greatly.  Agates  are  most 
prized  when  the  internal  flgure  nearly  resembles  some  animal  or  plant. — ^U. 

AOaooi&i  A  name  anplied  by  Caventou  to  a  erystallisable  substance  obt«ned 
from  liquorice-root ;  identical  with  asparagin.    (Henry  and  Plisson.) 

Syn.  with  BxsMUTrriL 

A  crystalline  basic  substance  obtained  fW>m  the  seeds  of 
the  com-codde  (Jgrostemma  Githago).  The  seeds  are  exhausted  with  weak  alcohol 
acidulated  with  add ;  the  add  is  concentrated  by  evaporation  and  mixed  with  magnesia; 
and  the  dried  precipitate  is  treated  with  alcohoL 

Agrostemmin  erystaUises  in  pale  yellow  scales  whidi  are  but  diglhtly  soInUe  in 
water,  but  very  soluble  in  alcohol,  to  which  they  impart  an  alkaline  reaetioo.  It  m 
dseomposed  by  boiling  potash,  with  evolution  of  ammonia. 
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The  folplkate,  ehloro-aurate  and  chloroplatixuite  of  agroBtemmine  are  ayatalliiftbles 
the  pboeptate  Ibrms  a  bulky  precipitate.    (Schulae,  Ann.  Ch.  Phann.  Ixviil  850.) 

il  ■  ■  ■  ■  I'i'*-    Syn.  with  AacxTUTB. 

^y^    The  tenn  "air"  (Latin,  aer)  U  now  exduaivelT  employed  to  denote  the  com- 
ponent gasee  of  the  earth'e  atmoepheie.    Amongst  the  older  writers  on  science,  we  &id 
the  woid  "air"  made  use  of  to  designate  the  gaseous  or  aenform  condition  of  a  body; 
thus  carbonic  add  gas  waa  called  "  fixed  air."  hydrochloric  add  gas  "  marine  aad  air/ 
hydrogen  gas  "  inflammable  air."  &c    (See  Atmospbebb.) 

AJVaa.  BBPTAVB  (Creeping  Bugle).  (Handw.  d.Chem.i.  886.)  This  plant, 
grown  on  the  even  ground  of  the  Lechthal,  yielded,  when  gathered  in  the  beginning  of 
June,  84-8  p.c.  water,  and  104  p.c.  ash  (o) ;  that  which  grew  on  the  chain  of  lulls  ad- 
joining  the  valley,  yielded  at  the  end  of  June,  81-6  p.c.  water  and  0-5  p.c  ash  (b). 

a.  b. 

Potash 87-81 

Soda  •  •  .  •  • 
Xdme  .  .  •  •  • 
Hagnesia  .  •  •  • 
Sesquiozide  of  iron^  •  ^  • 
lianganoeo-manganie  oxide 
Phosphoric  anhydride         • 


Sulphuric 
Chloride  of  potaadmn 
Chloride  of  aodium  • 
Silica.        .        •        • 


128-78 
10-70 
2-79 
trace 
5-46 
8-68 
5-04 
2-66 
8-61 


86-39 
4-81 

15-70 
5-48 
1-70 
2-29 
5-51 
8-68 


2-78 
21-71 


>    (SeeEpiDoa.) 

(See  AcBTOBB.) 

(See  AomoTB.) 

A  variety  of  arsenical  pyrites. 

(See  HAKOAirasB-CkjkNGB.) 

Granular  gmntmt  Jibdtre  gypseux.    The  technical  name  for 

granular  gypsum  or  sulphate  of  caldum.  Alabaster  is  among  the  several  varieties  of 
gypsum  WDxA  marble  is  among  carbonates  of  caldum,  and  like  marble  is  used  for  sculp* 
tuxe,  e^>edally  for  objects  of  small  dimensions.  The  hard,  fine-grained,  snow-white, 
translucent  alabaster  from  Yoltenm  near  Florenoe^  is  especially  valued  lor  these  purpoees. 


(See  DioiPBiDB.) 

C'H'KO*.  (A«  Strecker,  Ann.  Ch.  Phann.  Izxv.  29;  Gm.  iz. 
434 ;  Gerh.L  678.)  An  organic  base  obtained  by  heating  aldehyde-ammonia  with 
hydrocyanic  add  in  presence  of  excess  of  hydrodiloric  add. 

C«H«O.NH«  +  CNH  +  HCI  +  H«0  -  C"H»NO«  +  NH*a 

To  prepare  it,  an  aqueous  solution  of  2  pts.  aldehyde-ammonia  is  mixed  with  aqueous 
hydzocyanie  add  containing  1  pt.  of  the  anhydrous  add,  hydrochloric  add  is  added 
in  excess,  and  the  mixture  is  boiled  and  afterwards  evaporated  to  dryness  over  the 
water-batiu  The  rendue  consisting  of  hydrochlorate  of  alanine  and  a  large  quantity 
of  ttd-ammoniac,  is  dip;ested  in  a  Lttle  cold  water,  which  leaves  the-  greater  part  of 
the  sal-ammoniac  undissolved ;  the  solution  of  hy^hxxshlorate  of  alanine  is  boiled  with 
hydrate  of  lead,  added  in  small  portions  as  long  as  ammonia  continues  to  escape ;  the 
liquid  is  filtered;  and  the  dissolved  lead  is  predpitated  from  the  solution  by  sulphu- 
retted hjrdrogen.  ^e  filtered  liquid  yields  cr^vtals  of  alanine  by  evaporation,  and 
an  addi^nal  quantity  may  be  obtained  from  the  mother-liquor  by  addition  of  alcohol. 
Another  and  belter  method  is  to  treat  the  mixture  of  hydrochlorate  of  alanine  and 
sal-ammoniac  witii  alcohol  and  ether,  in  which  the  former  only  is  readily  soluble,  oon- 
eentrate  the  solution  by  evaporation,  and  remove  the  hydrochloric  add  uy  boiling  with 
hydrate  of  lead. 

Frcpertiu,  — Alanine  crystallises  on  cooling  from  a  hot  saturated  solution  in  colour- 
less needles  having  the  fbnn  of  oblique  rhombie  prisms  united  in  tufts.  They  have 
a  pearly  lustze,  ai«  hard,  and  grate  between  the  teeth.  At  200°,  it  sublimes  and  &ll8 
down  again  in  fine  snowy  cr^rtals;  when  rapidly  heated,  it  melts  and  suffezs  partial 
deoompodtion.  It  dissolves  in  4-6  pts.  of  water  at  17°,  and  in  a  smaller  quantilT  of 
hot  water ;  i^  is  very  sparingly  soluble  in  cold  aJcohol,  and  quite  insoluble  in  ether. 
The  a<^ueous  solution  has  a  sweet  taste,  does  not  affect  vegetable  colours,  and  forms  no 
pmdpitates  with  any  of  the  ordinary  reagents. 

Alanine  is  isomeric  with  urethane,  lactamide,  and  saroosine ;  from  the  two  former 
it  is  distinguished  by  not  melting  below  100° ;  from  the  last  \fy  being  soluble  in  wate^ 
and  by  its  behaviour  with  metallic  oxidea. 
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Jkootnpoiiiions.  —  Alanine  is  not  altered  by  boiling  with  dilute  addsi  or  with  alkalia. 
It  diBsolres  in  strong  sulphniic  acid,  and  the  solution  does  not  blacken  on  boiling. 
Fused  with  hydrate  of  potassium,  it  gives  off  hydrogen  and  ammonia^  and  yieliLi 
cyanide  and  acietate  of  potassium.  When  its  aqueous  solution  is  boiled  with  peroxide 
of  lead,  it  is  resolved  into  aldehyde,  carbonic  anhydride,  and  ammonia: 

CraPNO«  +  O  -  C'H^O  +  00«  +  NH«. 

The  aqueous  solution  is  also  decomposed  by  nitrous  acid,  with  erolution  of  nitrofpii 
and  formation  of  lactic  add: 

(OTNO«  +  NO»H  «  C*H'0«  +  2N  +  HK). 

Alanine.  Nitro-it         Lactic 

acid.  acid. 

Compounds  of  Alanine, — Alanine  acts  both  as  a  base  and  as  ao  add.  It  unites 
directly  with  adds,  and  when  boiled  with  metallic  oxides  forms  oomDOunds  consisting 
of  alajoine  with  1  atom  of  hydrogen  replaced  bj  a  metal.  With  kyarocklorfe  aetd^  it 
forms  two  compounds,  viz.  2C'H'N0'.HC1,  obtained  by  treating  alanine  with  diy  hydro- 
chloric add  gas,  and  CH'KO'.HCl,  produced  by  evaporating  a  solution  of  alanine 
in  excess  of  hydrochloric  add.  Both  these  compounds  diraolve  readily  in  water, 
sparinglv  in  aUx)hol ;  the  latter  is  veiy  deliquescent,  but  may  with  some  difficulirf  be 
obtained  in  crystals.  On  mixing  a  solution  of  alanine  in  hydrochloric  acid  with  excess 
of  bichloride  of  platinum,  and  evaporating,  the  chloroplaUnate,  2G'H'N0'.HCLPtCP, 
crystallises  in  slender  vellow  needles,  soluble  in  water  and  alcohol,  and  even  in  a 
mixture  of  alcohol  and  ether.  Nitrate  of  alanine,  G*H^C>',HNO*  is  obtained  bv 
evaporating  a  solution  of  alanine  in  dilute  nitric  add,  in  long  colourless  needles,  which 
dehquesce  in  damp  air,  and  dissolve  very  readily  in  water,  less  in  alcohol;  at  100^, 
they  torn  yellow  and  decompose.  Sulphate  of  alanine  is  very  soluble  in  water,  and 
remains  as  a  syrupy  mass  when  its  s^ution  is  evaporated;  it  may  be  washed  with 
cold  alcohol.  It  is  not  precipitated  from  its  aqueous  solution  by  alcohol,  but  a  mixture 
of  ether  and  alcohol  separates  it  in  the  form  of  a  thick  syrup. 

The  copper-compound  of  alanine,  C*H'*Cu''N*0*  +  H*0,  cr^'Btallises  ftom  a  solution 
of  alanine  which  has  been  boiled  with  cupric  oxide,  in  dark*  blue  needles  and  thicker 
rhombic  prisms.  It  forms  a  dark  blue  solution  in  water,  but  is  nearly  insoluble  in 
alcohol.  The  crystals  remain  unaltered  at  100^,  but  at  120^  they  give  off  water, 
and  are  reduced  to  CH^Cu'^^'O*,  assuming  at  first  a  lifter  blue  colour,  and  afterwartis 
crumbling  to  a  bluish-white  powder.  The  eiloer-compound,  CH'AgNO',  is  obtained 
in  a  similar  manner,  and  separates  as  the  liquid  cools,  in  smiall  yellow  needles  united 
in  hemispherical  groups.  They  assume  a  darker  colour  when  exposed  to  light,  and 
also  when  heated  to  100^  in  the  moist  state  ;  but  when  dry  they  sustain  that  tempe- 
rature without  alteration.  A  solution  of  nitrate  of  silver  mixed  with  alanine,  yidds 
by  spontaneous  evaporation  colourless  rhombic  tables,  which  are  decomposed  by  heat, 
with  slight  detonation,  and  leave  a  residue  of  spongy  diver.  A  Uad-eompound^ 
C•Hl*Pb^K}«JPb''HH>^  is  obtained  in  colouriess  glassy  needles,  by  boiling  protoxide 
of  lead  in  aqueous  alanine,  and  evaporating  and  cooling  the  solution.  It  is  also  too- 
dpitated  in  radiating  crystals,  on  mixing  the  aqueous  solution  with  alcohol.  The 
crystals  dried  aver  ralphuric  add  give  off  water  and  crumble  to  a  powder  which  is 
no  longer  completely  scluble  in  water 

tiJ%KWKlMm    (See  ImruN.) 


AXAAJr.  A  white,  ciystalline,  resinous  substance  extracted  frt>m  gutta  pereha  bj 
alcohol  or  ether.  It  is  best  obtained  bv  treating  gutta  pereha  with  ether,  and  digest- 
ing the  resulting  extract  with  alcohol,  whi<di  dissolves  a  yellow  resin,  and  leaves  a 
white  substance  to  which  Payen  gives  tiie  name  of  alban.  After  zecrystallisation  from 
absolute  alcohol,  it  forms  a  white  pulverulent  mass,  which  begins  to  mdt  at  lOO*',  is 
perfectly  fluid  and  transparent  between  ITSP  and  180°,  uid  contracts  strongly  in  cool- 
ing. It  dissolTes  with  facility  in  oil  of  turpentine,  benzol,  sulphide  of  ciurbon,  ether, 
hot  alcohol,  ajid  chloroform,  and  separates  from  the  solutions  in  the  crystalline  form. 
The  crystals  aro  wetted  by  watery  liquids.  They  exhibit  with  sulphuric  add  the  same 
reactions  as  native  gutta  pereha.    (Payen,  Compt  rend.  xxxv.  109.) 


A  name  given  by  Volckel  to  a  white  substance  which,  according  to 
his  observations,  remains  undissolved  when  melam  is  boiled  with  water.  Voided 
assigns  to  this  substance  the  compodtion  C^'  H*N^O^  (Ann.  Ch.  Phys.  [2]  bdi.  90). 

(See  Apophtllitb.) 

Soda-fdspar.    (See  Fblspab.) 

O&JBCnFBC*  An  obsolete  name  fbr  the  escerements  of  the  doi^  farsuaAj 
used  as  a  remedy  in  medical  practice.  The  subetasoe  contains  about  79  per  oeat^  ai 
phosphate  of  calcium. 


ALBUMIN.  65 

(Gerh.  ir.  433;  Lehmann,  Phyiiological  Chemifitiy  i  380;  also 
Zooehemie  in  Gmelin'sHandbiichf  Bd.  viii  FelouzeetFr^mj,  Traits  deChimie 
g^n^rale,  vL  67.)  Albiimui  is  the  chief  and  characteiistic  coiutitaent  of  white  of  egg 
and  of  tiie  lenim  of  blood,  and  occurs  in  all  those  animal  sabetances  which  supply 
the  body  or  indindual  parts  of  it  with  the  materials  required  for  nutrition  and 
lenovatioD.  It  forms  about  7  p.  c.  of  blood  and  12  p.  c.  of  white  of  ^g ;  it  is  a  i>rincipal 
constituent  of  chyle,  lymph  and  of  all  serous  fluids.  It  occurs  abo  in  the  juice  of 
flesh,  in  the  brain,  the  pancreas,  the  amniotic  liquid,  and  generally  in  a  greater  or 
smaller  quantity  in  all  the  liquids  (transudates)  effused  from  the  blood-vessels  into 
the  cellular  tissues  of  the  organs,  into  the  cavitiM  of  the  body,  or  on  to  the  snifnce. 
It  is  found  in  the  solid  excrements  of  man  and  of  other  animals,  the  quantity  in- 
creasing in  disorders  of  the  mucous  membrane  of  the  intestinal  canal.  It  is  not 
found  in  normal  urine,  but  is  present  in  that  liquid  in  many  states  of  disease,  espe- 
cially in  affections  of  the  respiratory  organs,  which  interfere  with  the  process  of 
oxidation. 

Albumin  exists  in  two  Tery  distinct  modifications,  tiz.  the  aolubU  form,  in  which 
it  always  occurs  in  the  animal  body,  and  the  inaolubU  form,  into  which  it  may  be 
brought  by  the  action  of  heat,  as  when  white  of  egg  or  blood-serum  is  boiled.  These 
two  modifications  of  albumin  are  identical  in  chemical  composition,  the  difference 
between  them  being  due,  partly,  perhaps,  to  peculiarity  of  molecular  aggregation,  but 
chiefly  to  the  presence  of  certain  mineral  salts  which  are  always  associated  with  the 
soluble  rariety.  In  fact,  albumin  does  not  occur  in  the  animal  body  in  the  free 
state,  but  in  the  form  of  an  alkaline  albuminate ;  white  of  egg,  serum,  and  all  liquids 
which  contain  albumin,  leave,  when  incinerated,  an  ash  chiefly  consisting  of  alkaline 
carbonate.  Insoluble  albumin  does  not  appear  to  exist  in  the  living  animal  organism, 
unless  indeed,  fibrin  may  be  regarded  as  coagulated  albumin,  which  is  by  no  means 
improbable,  inasmuch  as  there  is  no  exact  method  of  distinguishing  between  the  two. 

Preparatidn.  —  Albumin  may  be  prepared  either  from  white  of  egg,  or  from  blood- 
serum.  White  of  egg  consists  of  transparent  thin-walled  cellules,  enclosing  an  alkaline 
solution  of  albuminate  of  sodium.  On  beatin|^  it  up  with  water,  the  cellular  sub- 
stance separates  in  pellicles,  while  the  albuminate  of  sodium  remains  in  solution, 
together  with  chloride  of  sodium  and  phosphate  of  calcium.  To  remove  these  mineral 
substances,  the  liquid,  after  being  filtered  from  the  cellular  substance,  is  mixed  with 
a  small  quantity  of  subaoetate  of  lead,  which  produces  an  abundant  precipitate  (an 
excess  of  the  lead-salt  would  redissolve  it).  The  mass,  after  being  washed,  is  stirred 
up  with  water  to  the  consistence  of  a  paste,  and  carbonic  acid  gas  is  passed  through 
the  liquid.  The  albuminate  of  lead  is  thereby  decomposed,  carbonate  of  lead  remains 
suspended  in  the  liquid,  and  the  albumin  in  the  free  state  remains  dissolved.  The 
solution  is  filtered  through  paper  previously  washed  with  dilut«  acid,  and,  as  it  still 
retains  traces  of  lead,  it  is  trattod  with  a  few  drops  of  aqueous  hydrosulphuric  acid,  and 
cautiously  heated  to  60^,  till  it  begins  to  show  turbidity ;  the  first  flocks  of  albumin 
thus  precipitated  carry  down  the  whole  of  the  sulphiae  of  lead.  When  the  liquid 
which  after  filtration  is  perfectly  colourless,  is  evaporated  in  large  capsules  at  40°, 
a  residue  is  obtained  consisting  of  pire  soluble  albumin  (Wurtz,  Ann.  Ch.  Phys. 
[3]  xiL  27).  The  same  method  apphed  to  the  albumin  of  blood-serum  does  not  yield 
a  pure  product. 

To  obtain  pure  albumin  in  the  coagulated  state,  white  of  egg,  diluted  with  an  equal 
bulk  of  water,  filtered,  and  reduced  to  its  original  volume  by  evaporation  at  40°,  is 
mixed  with  a  strong  solution  of  potash,  whereby  it  is  soon  converted  into  a  translu* 
cent,  yellowish  elastic  mass.  This  ia  divided  into  small  portions  and  exhausted  with 
cold  water  as  long  as  the  water  removes  any  alkali,  the  whole  being  kept  as  much 
as  possible  from  contact  with  the  air.  It  is  then  dissolved  in  water  or  boiHng  alcohol, 
and  the  solution  is  precipitated  b^r  acetic  or  phosphoric  acid.  The  precipitate,  af^fi* 
washing,  leaves  no  appreciable  residue  when  incinerated.     (Lieberkiihn.) 

Properties.  —  Soluble  albumin,  dried  in  the  air,  forms  a  pale  yellowish,  translucent 
mass,  easily  triturated  and  reduced  to  a  white  powder.  The  specific  gravity  of  the 
albumin  of  the  hen's  egg,  from  which  the  salts  had  not  been  removed,  was  found  by 
0.  Schmidt  (Ann.  Ch.  Pharm.  xi.  156-167),  to  be  1*3144,  and  after  calculating 
for  the  elimination  of  the  salts,  the  density  of  pure  albumin  was  found  to  be  1*2617. 
It  becomes  electric  by  friction,  and  is  tasteless,  inodorous  and  neutral  to  vegetable 
colours.  It  swells  in  water,  assuming  a  gelatinous  appearance ;  it  does  not  <&ssolve 
freely  in  pure  water,  but  very  readily  in  water  containing  any  alkaline  salt.  After 
being  dried  in  vacuo,  or  at  a  temperature  below  60°,  it  may  be  heated  to  100°  with- 
out passing  into  the  insoluble  mooification.  Soluble  albumin  dried  at  60°  loses  4  p.  & 
water  at  140°,  remaining,  however,  soluble  in  water. 

The  aqueous  solution  of  albumin  deviates  the  plane  polarisation  of  a  ray  of  light 
to  the  left    It  becomes  opaline  at  60°,  begins  to  deposit  the  albumen  at  61°  to  63° 
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■nd  at  a  temperature  a  little  higher  the  whole  ooagnlates  ia  a  mtm  When  rmf 
dflvte,  it  beoomoe  turbid  without  coagulating ;  but  if  the  liquid  be  then  ooneentrated 
by  eyaporation,  it  deposits  the  albumin  in  piellicles  or  flocks. 

CoMtdated  albumin  is  white,  opaque,  elastic,  and  reddens  litmus  (Hruschauer, 
Ann.  Ch.  Fharm.  xlyi.  348).  When  dried,  it  aesumee  a  yellow  colour,  and  becomes 
brittle  and  translucent  like  horn.  When  immersed  in  water,  after  diring,  it  gra- 
dually absorbs  about  fire  times  its  weight  of  the  liquid,  and  resumes  its  primitive 
consistence. 

Wlien  coagulated  albumin  is  boiled  in  water  for  about  60  hour^,  it  gradually  dis- 
appears, bemg  transformed  into  a  substance  soluble  in  water,  and  eonsisting,  ae- 


oording  to  Mulder  and  Baumhauer  (J.  pr.  Chem.  xz.  346;  xxxL  296),  of  triaxids 
of  protein,  C"H"NK)»  (C  -  6098 p. c.;  H  -  669;  O  and  8  -  601;  N  -  2732). 
Coagulated  albumin,  heated  to  160^  with  a  small  quantity  of  water  in  a  sealed  tube, 
gradually  forms  a  limpid  solution,  which  haa  no  longer  the  property  of  coagulating  by 
heat    (L.  Gmelin.) 

Albumin  is  insoluble  in  alcohol  and  in  ether.  Strong  alcohol  added  in  laise  excess 
precipitates  albumin  from  its  aqueous  solution  in  the  same  state  as  when  it  is 
eoagulated  by  heat;  but  the  precipitate  produced  by  a  small  quantity  of  weak 
alcohol  redissolyes  completely  in  water.  Wnen  alcohol  is  added  to  a  somewhat  dilute 
solution  of  albumin,  so  as  to  render  it  slightiy  opaline,  the  liquid  after  a  while, 
solidifies  in  a  jelly,  which,  howeter,  is  again  lioui&ed  by  heat.  Coagulated  serum, 
or  white  of  egg,  may  be  made  to  dissolye  in  alooiiol  by  the  addition  of  a  littie  alkalL 
(Seherer.) 

Ether  shaken  up  with  a  solution  of  albumin  coagulates  but  a  small  portion  of  it ; 
i^  however,  the  alouminous  solution  is  concentrated,  it  thickens  so  much  as  to  appear 
coagulated.    Albumin  is  not  acted  upon  hj  oils  either  fixed  or  volatile. 

Nearly  all  ocuIm  precipitate  albumin  from  its  solutions.  yUrie  acid  precipitatea 
it  with  peculiar  fiicility,  and  may  therefore  be  used  as  a  test  of  the  presence  of 
soluble  slbumin.  Strong  hydroehlorio  aeid  aided  by  heat  dissolves  coagulated  alba* 
min,  forming  a  blue  or  violet  solution,  which  turns  brown  when  boiled  in  an  open 
Tend,  and  according  to  Bopp  (Ann.  Ch.  Pharm.  Ixix.  30)  yields  chloride  of  am- 
monium, leucine,  tyrosine,  and  other  products  of  unknown  composition^  With  aqua 
regiOj  albumin  yields  both  chlorinated  and  nitro-conqwunds. 

Strong  eulphttrie  aeid  coagulates  albumin  by  the  heat  which  is  evolved  when  the 
two  liquids  come  in  contact  Dilute  sulphuric  acid  precipitates  albumin  after  some 
time  only,  not  however  combining  with  it,  as  the  aod  may  be  completely  removed 
from,  the  precipitate  by  washing. 

Tribasie  phoephorio  aeid,  acetic,  tartaric,  and  most  other  organic  adds  do  not  ibni 
precipitates  in  moderately  concentrated  solutions,  of  albumin ;  but  when  either  of  these 
acids  is  added  in  excess  to  a  highly  concentrated  solution  of  serum  or  white  of  egg,  the 
liquid  solidifies  in  the  cold  to  a  jell;^  which  liquefies  like  gelatin  when  heated,  and 
again  forms  a  gelatinous  mass  on  cooling.  The  ac^ueous  solution  of  this  jelly  remains 
perfectly  transparent  when  boiled,  but  it  is  precipitated  by  a  neutnl  salt  of  either  of 
the  alkali-metals.     (Lieberkiihn.) 

When  a  smaU  quantity  of  acetic  acid  is  added  to  white  of  egg  or  serum,  so  as  just 
to  saturate  the  alkali,  and  the  liquid  is  then  largely  diluted  with  water,  flocks  of 
albumin  are  deposited  after  awhile.  If  the  supernatant  liquid  be  then  decanted, 
and  the  precipitate  treated  with  a  small  quantity  of  solution  of  nitre  or  common 
salt,  it  immediately  dissolves,  and  the  solution  is  coagulated  by  boiling.     (Seherer.) 

Serum  or  white  of  egg  mixed  with  a  certain  quantity  of  comfmm  salt  or  other 
salt  of  an  alkali-metal,  forms  a  liquid  precipitable  by  phosphoric,  acetic,  tartaric, 
oxalic,  lactic  add,  &&  Conversely,  a  solution  of  albunun  (or  other  albuminoidal  sub* 
stance)  in  acetic  add  is  predpitated  by  the  salts  of  the  alkali-metids.  The  precipi- 
tation is  greatiy  facilitated  by  heat  and  likewise  takes  place  with  greater  fadlity 
as  the  proportion  of  salt  added  is  greater.  The  predpitate  dissolves  in  pure  water, 
with  ereater  fadlity  in  proportion  as  less  heat  nas  been  applied  in  podudng  it ; 
the  scHution  is  not  coagulated  by  heat  It  is  soluble  also  in  acetic  acid,  pho^orie 
acid,  and  even  in  alcohol,  provided  it  has  not  been  altered  by  desiccation,  or  by 
contact  with  the  air.  The  aqueous  solution  is  predpitated  by  certain  saita,  feno- 
cyanide  of  potassium,  for  example. 

Dried  soluble  albumin  suspended  in  acetic,  tartaric,  or  dtric  acid,  swells  up  and  ia 
converted  into  coagulated  albumin,  which  may  be  completely  freed  from  add  by 
washing.  Acetic,  tartaric,  and  tribasie  phosphoric  add  dissolve  coagulated  albumin 
when  heated  with  it  Anenious  add  does  not  combine  with  albumin.  Chlorine  and 
bromine  predpitate  albumin. 

Alkalis  do  not  in  general  predpitate  albumin  from  its  solutions;  but  a  strong 
solution  of  potash  added  in  considerable  quantity  to  a  solution  of  albumin,  formii  * 
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gdaliiioiif  maw  of  albmniiiate  of  potassium.  Dilute  solutions  of  potash  and  soda 
mix  with  albumin  in  all  pioportiona,  and  on  boiling  the  liquid,  an  alicaline  sulphide  is 
fonned.  When  albumin  is  heated  with  hydrate  of  potassium  melted  in  its  water  of 
eiystallisation,  the  water  being  renewed  as  it  evaporates,  ammonia  and  hydrogen 
are  erolred,  leucine  and  tyrosine  are  produced,  together  with  oxalate,  butyrate 
Talerate,  ice  of  potassium.  Alkaline  carbonates  added  to  a  solution  of  albumin  prevent 
its  coagulation  by  heat  Coagulated  albumin  digested  at  a  gentle  heat  with  neutral 
carbonate  or  acid  carbonate  of  sodium,  displaces  the  carbonic  acid,  and  fonns  with  the 
alkali  a  compound,  which,  after  washing,  is  perfectly  neutral  to  test  paper,  but  leaves 
when  incinerated  a  considerable  quantity  of  alkaline  carbonate. 

Albumin  subjected  to  dry  aietiUoHon  yields  water,  carbonate  of  ammonium, 
hydrosulphate  of  ammonium,  volatile  alkalis  of  undetermined  composition,  empvreu- 
matie  oils,  &c.  Coagulated  sJbumin  putrifles  when  left  in  contact  with  water,  yielding 
valeric  and  butyric  acids,  a  ojstaUine  body  having  a  penetrating  odour,  an  oily 
acidf  and  a  substance  which  dissolves  in  hydrochloric  acid,  producing  a  liquid  of 
beautiM  violet  colour  and  yielding  tyrosine,  together  with  other  products  (Bopp,  Ann. 
Ch.  Pharm.  Ixiz.  30).  The  oxygen  of  the  air  has  no  action  on  serum  or  white  of  eeg. 
Becently  extracted  serum  left  for  a  fortnight  in  contact  with  oxygen  in  a  tuM 
standing  over  mercury  absorbs  but  a  vezy  small  quantity  of  the  gas,  and  does  not 
form  carbonic  acid. 

Albumin  distilled  with  a  mixture  of  ]peroiide  of  7nangane»e  and  sul'phurio  acid 
vields  acetic,  propionic,  but^c,  and  benzoic  aldehydes,  together  with  formic,  acetic, 
butyric,  valenc,  and  benzoic  acids,  and  probably  also  propionic  and  caproie  acids. 
Nearly  the  same  products  are  obtained  by  distilling  albumin  with  tut^huric  acid  and 
acid  ckroTtuUe  ofpotassium^  this  mixture  yielding  in  faet^  hydrocyanic  acid,  a  heavy  oil 
having  the  odour  of  cinnamon,  cyanide  of  teti^l  (valeronitrile),  also  benzoic,  aoetio 
and  butyric  acids,  with  small  quantities  of  fonmc,  caproie  and  propionic  adds,  and  of 
benzoic  and  propionic  aldehydes  (Guckelberger,  Ann.  Ch.  Aiarm.  bdv.  39).  Al- 
bumin does  not  decompose  oxygenated  water. 

Com^oeition  of  AHmmin. — Albumin  obtained  from  various  animal  fluids  exhibits 
the  same  composition,  as  shown  by  the  following  analyses :  — 

From  Whtte  <tfE§g. 

t « , 

Dumai 
Mulder.  SelMCvr.      and  Cahourt.       ROlinf.  Waits.       LleterkOhn. 

Carbon        .    6S'4    .    .    54*8    .    .    63*4    .    .    63*4    .    .    62*9    .    .    63*3 

Hydrogen   .      7*0    .    .      M    -    .      7-1    .    .      70    .    .      7-2    .    .      7*1 

Nitrogen     .     15*7    .    .    16*9    .    «    15*8 16*6    .    .    16*7 

•  ••  ••  •■  ••  .•  mtM  1 

lur 1-7  to  1-8 1-8 

Wurts's  analvBis  was  made  with  soluble,  the  rest  with  coagulated  albumin.  Mulder 
flopfXMes  that  albumin  contains  also  0*4  per  cent  phosphorus.  Host  of  the  preparations 
with  which  the  above  analyses  were  made,  contaanea  small  quantities  of  phosphorwi 
in  the  form  of  phosphate  of  calcium. 


Dumat  and  Cahourt.  M uldar.  RQUng.  Scherer. 

Carbon        .    63*3    .    •    58*6    .    .    58*4    .    .    53*1    .    .    54*5 


53*3    .    . 

.    58*5 

71    .    , 

.      7*8 

15-7    . 

.     15-8 

Hydrogen    .      7*1    .    .      7*8    .    .      7*1    .    .      7*0    .    .  7*0 

Nitrogen      .     16-7    .    .     15*8    .    .    15-6 15*7 

O^gen .'  *  - 

Sulphur 1*3    .    .      1*3    .    . 

Hnlder  siq>pO0es  that  blood-albninin  contains  also  0*8  per  cent,  phosphoms.    Ruling 
found  the  amount  of  sulphur  in  eight  analyses  to  vaiy  fimn  1*29  to  1*89  per  cent 

Sdiartr.  Weldenlraadi.       Baombaner. 

_^ A 

r  .  ^ 

a  h  e  d  e 


Carbon  .  54*2 
H^dit)gen  .  7*1 
Nitrogen  15*5 

Oxysen  .    . 
Sulphur 


541 

72 

15-8 


540 

70 

15-8 


53-8 

70 

15-7 


54*3 

7*1 

15*8 


a  from  a  hydrocele ;  h  from  a  congestion-abscess ;  e  from  pus ;  d  from  flesh  cf 
poultry ;  s  from  the  flesh  of  flsh. 

Prom  these  and  other  analyses,  Liebig  deduces  the  formula  C"<H"^"S'0":  Mulder, 
C«H»»N«SO":  Liebcrkiihn,  C^fl'^N'^SO".    Each  of  these  formulas  gives  numbers 
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Hgreeing  nearly  with  the  snalytical  leeulte.    Mulder  r^gaids  albamin  u  a  compound 
of  (hypothetical)  protein  with  (hypothetical)  aulphamide,  tub-  : 


C^'"W«SO"  =  5C»»H«^«0«  +  N«H<S 


Protein.         Sulphamlde. 

Liebig^a  fonnnla  ia  intended  merely  to  expresa  in  a  aimple  form  certain  relationa 
between  albumin  and  other  animal  aubatances.  Lieberldihn,  on  the  other  hand, 
regards  hia  formula  aa  actually  ezpreasing  the  oompoeition  of  the  molecule  of  albumin 
aa  it  eziata  in  the  metallic  albuminatea  (q.  v.) 

According  to  Lebonte  and  Goumoens  (J.  Fharm.  [3]  xxiv.  17)  albumin  ia  not 
a  pure  proximate  element^  but  a  mixture  of  two  bodies,  one  of  which  is  insoluble  in 
glacial  acetic  acid,  while  the  other  dissolves  in  that  acid  and  is  precipitated  therefrom 
by  potash. 

The  properties  of  albumin  vary  in  some  degree  with  the  source  from  which  it  ia 
derived.  The  di£ferencea  may  in  some  caaea  be  attributed  to  the  presence  of  different 
mineral  substances ;  but  in  others  they  are  of  such  a  nature  as  rather  to  point  to 
the  existence  of  different  modifications  of  albumin.  Thus,  Fr^my  and  Valen- 
ciennea  have  found  (Ann.  Ch.  Phys.  [3]  L  138)  that  the  albumin  of  the  eggs  of 
certain  tribes  of  birda  exhibits  peculiar  modifications.  That  from  the  eggs  of 
different  species  of  ^allinaoeoua  birds  alwaya  exhibita  the  characters  above  described ; 
but  the  eggs  of  swimming  and  wading  birds  yield  an  albumin  which,  when  diluted 
with  3  measures  of  water,  la  not  coagulated  by  heat,  but  is  precipitated  by  nitric  acid ; 
and  the  albumin  from  the  eggs  of  predaceous  birds,  and  of  aome  kinds  of  perching 
and  climbing  birda  is  neither  coagulated  by  heat  nor  precipitated  by  nitric  aci(L 
The  composition  was,  however,  founa  to  be  the  same  in  all  cases. 

Blood-albumin  exhibits  the  same  reactions  as  that  from  white  of  egg,  excepting  that 
the  latter  when  boiled  gires  up  part  of  its  sulphur  in  the  form  of  sulphuretted 
hydrogen,  which  blood-iubumin  does  not;  nevertheless  coagulated  white  of  egg 
appears  to  contain  more  sulphur  than  blood-albumin. 

Paralbumin.  —  Scherer  found  in  a  liquid  obtained  from  a  case  of  ovarian  dropny, 
a  substance  resembling  albumin,  but  differing  from  it  in  not  being  completely  preci- 
pitated by  ebullition,  even  after  addition  of  acetic  acid,  and  in  dissolving  in  water 
after  being  precipitated  by  alcohoL  MetaUmmin  is  the  name  given  by  the  same 
chemist  to  another  supposed  modification  of  albumin,  likewise  obtained  from  a  pa- 
thological fluid,  which  exhibited  aimilar  peculiarities  to  the  preceding,  and  waa 
further  distinguished  by  giving  no  precipitate  with  hydrochloric  acid,  or  with  ferret 
cyanide  of  potassium  after  acidulation  with  acetic  acid. 

Other  substances  more  or  less  resembling  albumin  are:  globulin  or  crystalliH 
existing  in  blood^globules  and  in  the  czystalline  lens  of  the  eye ;  htBtnatoeryatallin^  a 
crystalline  body  obtained  from  blood,  and  vitelline  existing  m  the  yolk  of  eggs  (see 
these  substances). 

Quantitative  E$Hmation  of  AUntmin.  —  The  best  mode  of  precipitating  albumin 
from  alkaline  liquids  (serum,  for  example),  for  quantitative  estimatioiv  is  to  neutralise 
or  slightly  acidulate  the  liquid  with  acetic  aad,  and  then  coagulate  the  albumin  by 
boiling.  The  precipitate  thus  obtained  is  flocculent  and  may  be  easily  collected  on 
a  filter  and  washed,  the  liquid  passing  through  perfectly  clear,  whereas  if  the  albumin 
be  coagulated  by  heat  alone,  it  is  veiy  apt  to  clog  the  filter.  Another  reason  for 
using  the  acetic  acid  ia,  that  mere  boiling  does  not  precipitate  the  albumin  completely 
from  alkaline  aolutions.  The  precipitated  albumin,  after  being  thoroughly  washeo, 
may  be  dried  in  vacuo  over  sulpnuric  add  or  in  a  current  of  warm  air. 

fjsa  of  Albumin. — Albumin  is  much  used  for  clarifying  vinous  and  syrupy  liquids, 
inasmuch  as,  when  boiled  with  them,  it  coagulates,  and  takes  hold  of  the  colouring 
matter  and  other  impurities,  thereby  removing  them,  and  canying  them  to  the  bottom 
or  to  the  auilkce  of  the  liquid,  according  to  its  density.  In  cookety,  white  of  egg 
is  employed  for  this  purpose,  but  in  large  operations,  such  as  sugar-refining,  the 
serum  of  blood  is  usea.  Albumin  is  applied  to  a  considerable  extent  for  fixing 
colours  in  calico-printing ;  it  is  also  used  in  photography.  Its  property  of  forming  a  hard 
compound  with  lime  renders  it  veiy  waetvl  for  making  cement  for  laboratoiy  pur- 
poses and  for  mending  broken  earthenware.  A  paste  made  of  white  of  egg  and 
slaked  lime,  acquires  after  a  while  the  hazdness  of  stone. 

AuiuifiNATBS.  (Lassaigne,  Ann.  Ch.  Phys.  [3]lxiv.  90;  Lieberkuhn,  J.  Pharm. 
[3]  xxziiL  398;  Lehmann,  Ph^iol.  Chem.  i.  332;  Gerh.  iv.  447.)  —  Albumin  ia  a 
weak  acid,  and  apparently  dibasic.  Its  compounds  with  the  alkalis  are  soluble  and 
are  obtained  directly  by  treating  albnmin  with  caustic  alkalis  or  alkaline  carbonatesi 
The  other  albuminates  are  insoluble  and  are  obtained  by  precipitation. 

Albuminate  of  Barium,  C^^H^Ba'N^S^O*'  +  2H«0  (?)— A  solution  of  albuminat* 
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oi  potaatiiun  in  dilate  alcohol  fanna  with  barinm-saltB,  a  precipitate  which  dries 
up  to  a  white  powder,  ixuoluble  in  water,  alcohol  and  ether.  White  of  egg  mixed 
with  caustic  barvta,  strontla  or  lime,  forms  an  insoluble  compound,  whichbecomes 
Tezy  hard  when  cut. 

Albuminate  of  Copper,  C7«H>»K!u*N»S0"  +  HK)  (?)  — Obtained  in  like  manner 
forms  when  dry,  a  ^een,  brittle  mass,  insoluble  in  water  and  aloohoL  Adds  deco- 
lorise, but  do  not  difisolye  it  (Lieberkuhn).  According  to  Lassaigne,  double  albu- 
minates of  copper  with  potassium,  or  barium,  or  calcium,  may  be  obtained  by 
heating  hydrate  of  copper  with  solution  of  albumin  and  solution  of  Dotash,  baryta  or 
lime.  There  is  also  an  albuminate  of  copper  and  magnesium  which  is  insoluble 
and  has  a  lilac  colour. 

Albuminate  of  Lead  u  a  white  insoluble  salt,  obtained  by  mixing  the  solution  of 
albumin  and  subaoetate  of  lead ;  it  is  soluble  in  excess  of  the  lead-sut,  and  is  decom- 
posed by  all  acids. 

Mercuric  Albuminaie  is  a  white  substance  obtained  by  precipitating  conosiye 
sublimate  with  albuminate  of  sodium  (white  of  egg\  It  is  insoluble  in  pure  water, 
but  soluble  in  saline  liquids ;  for  this  reason,  when  white  of  egg  is  used  as  an  antidote 
in  cases  of  poisoning  by  conN>siTe  sublimate,  endeavours  should  always  be  made 
to  produce  vomiting ;  otherwise  a  portion  of  the  mercuric  albuminate  may  remain 
dissolved  in  the  gastric  juice,  which  contains  chloride  of  sodium. 

Albuminate  of  Potassium,  Cr»H"»K»N»SO«  +  H«0.  —  Prepared  by  mixing  a  con- 
centrated solution  of  white  of  egg  with  strong  potash-le^,  and  washing  the  result 
iog  gelatinous  mass  with  cold  water,  as  long  as  any  alkali  dissolves  out,  then  dissolving 
the  residue  in  boiling  alcohol,  and  precipitating  by  ether.  After  drying,  it  is  no  longer 
soluble  in  boiline  alcohol  or  in  water.  The  aqueous  solution  is  not  coagulated  by 
boiling  or  by  addition  of  alcohoL  With  a  small  quantity  of  acetie,  tartaric,  citric 
or  phosphoric  acid,  it  yields  an  abundant  white  precipitate  easily  soluble  in  excess  of 
acid.  These  characters  are  the  same  as  those  of  casein ;  hence,  Gerhardt  considers 
it  probable  that  casein  ma^  be  really  albuminate  of  potassium. 

Albuminate  of  Sodium  is  contained  in  blood-serum  and  in  white  of  egg,  together 
with  chloride  of  sodium  and  phosphate  of  calcium.  Serum  and  white  of  em  haye 
a  Blight  alkaline  reaction,  are  more  soluble  in  water  than  pure  albumin,  ana  when 
boil^  coagulate  in  a  gelatinous  mass,  not  in  flakes.  After  boiling,  the  filtered  liquid 
18  more  alkaline  than  before,  and  still  contains  albuminate  of  sodium,  whereas  the 
coagulum  is  free  from  alkali.  Hence,  Gerhardt  thinks  it  probable  that  serum 
and  white  of  egg  contain  an  acid  albuminate  of  sodium,  C"H^"NaN**SO'^, 
which  is  decomposed  by  heat  into  the  neutral  albuminate,  and  free  albumin  which 
separates  from  the  liquid  This  view  is,  moreover,  in  accordance  with  the  composition 
of  dried  white  of  egg,  which,  according  to  Lehmann's  analysis,  contains  1*6  per  cent, 
of  soda,  the  formula  C"H»"NaN"SO«  +  H*0  requiring  1*8  per  cent  White  of  egg 
or  serum  treated  with  strong  caustic  soda,  yields  a  selatinous  mass  nearly  insoluble 
in  cold  water,  and  cIob^Ij  resembling  the  compound  produced  under  the  same  cir- 
cumsfjBjaces  by  potash.  This  gelatinous  salt  appears  to  be  the  neutral  albuminate  of 
sodium^  C^^^'Na'N'^O*"  -t-  HK).  It  contains,  aooording  to  T^hmann^  3«i4  per  cent. 
aoda«(by  calculation  8*7). 

Albuminate  of  SUver,  C*H"»Ag«NMSO«  +  H«0  (?)  — Obtained  by  predpitatioii. 
White,  flocculent,  blackens  when  exposed  to  light 

AlbuminaU  of  Zinc,  C«H"«Zn  'N^^O"  +  H«0  (?)— White  powder  insoluble  in  water, 
alcohol,  and  ether. 


(Gerh.  iy.  444;  Handw.  d.  Chem  2'*  Aufl.  ii 
147.)  —  Most  vegetable  juices  contain  a  substance  which  appeals  to  be  identical  in 
composition  and  properties  with  the  albumin  of  blood  or  of  white  of  egg.  The 
same  compound  appears  also  to  exist  in  the  solid  form,  in  certain  parts  of  plants, 
especially  in  the  seed.  Vegetable  juices  containing  albumin  deposit  it,  when  heated 
to  65^  or  70^,  in  flocks,  which  are  oft^n  coloured  ffreeni^  by  chlorophyll,  and  contain 
fatty  and  waxy  substances  mechanically  enclosed.  To  remove  these  matters,  the 
coap:ulum  must  be  washed,  first  with  water,  then  with  boiling  alcohol  and  with  ether. 

Albumin  is  especially  abundant  in  the  juice  of  carrots,  turnips,  cabbages,  and 
the.  green  steins  of  peas,  but  it  is  more  easily  prepared  from  potatoes,  by  cutting 
them  into  slices,  covering  them  with  very  dilute  sulpnuric  acid  (of  2  p.c.),  leaving  the 
liquid  to  itself  for  24  hours,  then  adding  fresh  potatoes,  and  repeating  the  same 
operation  once  more,  afterwards  neutralising  the  solution  with  potash,  and  boiling. 
A  considerable  quantity  of  albumin  is  then  deposited  in  thick  white  flocks. 

Wheat-flour  also  contains  a  considerable  quantity  of  albumin,  which  may  be  ex- 
tracted with  cold  water.  For  this  purpocte,  the  water  which  runs  off  in  washing  the 
paste  of  wheat-flour  for  the  preparation  of  gluten  (q.  v,)  is  left  at  rest  till  the  starch 
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is  oompletelj  deposited;  the  dear  liquid  is  then  heated  to  the  boiling  point,  where- 
npon  it  deposits  a  small  quantity  of  almunin ;  on  eraporating  the  solution  a  laiger  quan- 
tity is  obtained. 

OleaginouB  seeds  likewise  contain  albumin,  which  may  be  extracted  by  beatine 
the  seeds  with  water  into  an  emulsion,  extracting  the  fiit  by  agitation  with  ether,  ana 
the  albumin  by  boiling. 

When  sweet  almonds  which  hare  beeir  freed  from  their  envelopes  are  reduced 

to  a  pulp  by  rasping,  and  the  pulp  is  digested  for  a  few  minutes  in  boiling  water, 

the  sugar,  gum,  and  the  greater  part  of  the  legumin  contained  in  the  almonds  ejitet 

into  solution;  and  on  deprivinfr  the  residue  of  Iktty  matter  by  means  of  ether, 

nothing  is  left  but  coagulated  ubumin,  exhibiting  the  same  characters  as  coagulated 

white  of  egg. 

ah  e  d  e  f  g 

Carbon        .    640    .    63*7    .    61*9    to    620    .    531    .    62'0 
Hydrogen    .      78    .      7*1    .      6-9    .        70    .      7*2    .      68 

Nitrogen     .     16*8    .    15*7    .     18'4 

Oxygen • 

Sulphur 0-97    .    079    .      1-0     .   077 

a,  albumin  from  rye,analy8ed  by  Jones  (Ann.  Ch.  Pharm*  xl  66) ;  6,  from  wheat- 
flour,  by  Dumas  and  C ah  ours  (Ann.  Ch.  Phys.  [3]  tL  309);  c,  from  wheat-flom 
by  Boussingault  (ibid.  [2]  Ixiii.  225);  if,  from  potatoes  by  Ruling  (Ann.  Ch. 
Pharm.  Iriii.  306) ;  «,  from  peas  by  Riiling;  /,  ^,  ftim  lye,  by  Hulder. 

Vegetable  albumin  is  distinguished  from  legumin  (vegetable  casein)  by  being 
coagulated  by  heat,  and  not  precipitated  by  acetic  acid.  It  exhibits  the  same  re- 
actions as  animal  albumin  with  acids,  alkaUs,  tannin,  chloride  of  mennmr,  &c.  The 
mode  of  its  occurrence  differs,  however,  remarkably  ftom  that  of  animal  albumin  in 
this  respect,  that  it  is  always  found  in  plants  in  neutral  or  add  liquids,  whereas  animal 
albumin  exists  only  in  alkaline  liquids  (p.  25). 

The  albumin  of  sweet  almonds  is  remarkable  for  the  facility  with  which  it  decom- 
poses, and  by  its  property  of  acting  as  a  ferment,  and  determining  the  metamorphosis 
of  amygdalin,  salidn,  and  other  organic  bodies.  This  altered  albumin  is  distingnished 
by  the  terms  emulsion  and  synaptiue  {q.  v.) 

The  myrosin  of  mustard-see£  likewise  resembles  vegetable  albumin.  Lastly,  the 
diastase  of  germinated  barley,  beer-yeast,  and  wine^ees  are  likewise  albuminoidal 
substances  in  a  state  of  alteration. 


r,  OoruTi,  rHandw.d.  Chem.  2'*Aufl.i404.)— Thenamegivenby 
Couerbe  to  the  substance  of  the  cells  which  enclose  the  white  of  birds'  eggs.  It  is 
obtained  by  exposing  white  of  egg  for  a  month  to  temperature  between  0°  and — 8°,  in 
the  form  of  a  white  filmy  substance,  which  when  dned  is  white,  translucent  in  thin 
laminse  and  easily  friable.  It  does  not  contain  nitrogen,  and  consequently  does  not 
evolve  ammonia  when  heated.  It  is  insoluble  in  water,  whether  hot  or  cold,  but^Bwells 
up  in  hot  water,  forming  a  gummy  mass.  It  is  not  acted  upon  by  alcohol,  ether,  oi 
acetic  acid.  Nitric  and  sulphuric  adds  decompose  it.  It  dissolves  in  hydrochloria 
acid,  and  on  adding  water  to  the  solution,  a  white  powder  is  precipitated.  It  dis- 
solves in  caustic  po&h,  forming  a  solution  whidi  is  rendered  turbid  by  adds,  but  not 
precipitated. 

AJLBUBCZVOZB8.  Protein-compounds,  Bluthilder,  (Gerh.  iv.  430;  Handw. 
d.  Chem.  2*«  Aufl.  ii.  120.)  —  This  term  is  applied  to  a  class  of  compounds  which 
play  an  important  part  in  the  fonctions  of  animal  and  vegetable  life.  Three  of  them, 
albumin^  casein^  tuA  fibrin  are  distinguished  by  weU-marked  characters. 

Fibrin  separates  spontaneously  in  the  solid  form  from  blood,  soon  after  its  removal 
from  the  living  body ;  albumin  is  contained  in  the  sernm  or  more  liquid  portion  of 
the  blood,  and  separates  from  it  as  a  coagulum  on  the  application  of  heat;  and 
casein  is  contained  in  milk,  from  which  it  may  be  separated,  not  by  heat,  but  by  the 
addition  of  an  add.  The  same  substances  are  found  in  plants,  viz.  fibrin,  in  the  grain 
of  wheat  and  other  cereal  plants ;  albumin  in  most  vegetable  juices,  and  casein  (or 
legumin)  in  the  seeds  of  the  pea,  bean  and  other  leguminous  plants. 

Thf  other  bodies  of  this  dass  are  less  distinctly  characterised ;  indeed,  most  of 
them  appear  to  be  mere  modifications  of  the  one  or  other  three  above-mentioned; 
thus,  syntonin,  the  essential  constituent  of  the  muscular  fibre,  dosely  resembles 
blood-fibrin ;  viteUiny  a  substance  occurring  in  the  yolk  of  eggs,  is  scarcely  distin- 
guishable ftom  albumin;  and  globulin  and  JkBmatocrf/stallin^  two  substances  con- 
tained in  the  blood,  resemble  albumin  in  the  property  of  coagulating  by  heat. 

Moreover,  albumin,  fibrin,  and  casein,  though  clearly  dijsfinguished  from  one 
ftttother  by  the  different  conditions*  under  which  thi^y  pass  from  the  Uquid  to  th« 
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tolid  state,  nerertheleM  poeseas  manj  characten  in  eommon.  They  all  diaaolve  in 
caustic  potaffa  or  soda)  ana  when  boiled  with  those  alkalis,  yield  solutions  from  which 
acids  precipitate  them  in  a  more  or  less  altered  state,  and  at  the  same  time  eliminate 
hydroeulphoric  acid.  When  subjected  to  dij  distillation,  they  all  give  off  ammonia 
(or  compound  ammonias).  They  all  decompose  and  putrefy  with  great  facility  when  ex- 
posed to  moist  air,  and  in  that  form  are  very  active  bb  ferments  ;  thus,  yeast,  wine-less, 
diastase,  ^,  are  merely  albuminoidal  substances  in  a  peculiar  state  of  decomposition. 

All  albuminoids  treated  with  oxidising  agents,  such  as  mixtures  of  peroxide  of 
manganese  or  add  chxomate  of  potassium  and  sulphuric  acid,  yield  the  same  products, 
Tiz.  acids  and  aldehydes  of  the  acetic  and  benzoic  series  (see  Albuhsc,  p.  67). — ^Albu- 
minoids dissolve  in  very  strong  hydrochloric  acid,  forming  a  solution  which  is  yeUow 
if  kept  from  contact  with  the  air,  but  assumes  a  fine  blue  or  violet  colour  on  exposure 
to  the  air. — ^A  solution  of  mercury  in  an  eqaaX  weight  of  nitric  acid  imparts  to  theee 
bodies  a  very  deep  red  colour,  this  test  serving  to  detect  tlie  presence  of  1  part 
of  albumin  in  100,000  parts  of  water. 

All  the  albuminoids  exhibit  the  same  or  nearly  the  some  constitution.  In  the 
living  organism,  albumin,  fibrin,  and  casein  are  constantly  being  converted  one  into 
the  other.  The  casein  of  milk  supplies  the  material  for  the  formation  of  albumin 
and  fibrin ;  and  conversely,  albumin  and  fibrin  are  converted  into  casein.  Indeed, 
the  analyses  of  different  bodies  of  the  class  do  not  differ  from  one  another  more  than 
analyses  of  the  same  body  from  different  sources  or  by  difibrent  experimenters.  They 
contain  50  to  64'p.  c.  carbon,  about  7  p.  c.  hydrogen,  15  to  17  p.  c  nihtigen,  about  25  p.  c. 
oxygen,  and  from  0*9  to  1*8  sulphur.  According  to  some  analyses,  however,  fibrin 
contains  rather  less  carbon  and  more  nitiogen  Uian  albumin.  Albumin  and  fibrin 
have  been  supposed  by  some  chemists  to  contain  also  a  small  quantity  of  phosphorus 
as  an  organic  constituent,  but  its  existence  is  not  well  established.  Most  albuminoids 
are  associated  with  small  quantities  of  mineral  substances,  including  phosphate  of  cal- 
cium, which  cannot  be  separated  from  the  organic  matter  by  adds. 

This  great  similarity  of  compodtion  and  properties  exhibited  by  these  bodies  has 
led  to  various  views  of  the  relation  between  them.  Mulder  supposed  that  all  the 
albuminoids  contain  the  same  organic  group,  C^H^NH)',  which  he  called  |>ro/etn, 
combined  with  different  quantities  of  sulphur  and  phosphorus,  and  that  the  con- 
version of  one  of  these  booies  into  the  other  depends  upon  the  assumption  or  elimina- 
tion of  small  quantities  of  one  or  both  of  those  elements  (see  PnoniN).  Mulder 
also  stated,  that  when  an  albuminoid  is  treated  with  caustic  alkali,  the  sulphur  and 
phosphorus  are  removed  and  the  protein  remains.  The  researches  of  other  chemists 
nave  shown,  however,  that  this  view  is  untenable.  Neither  of  the  albuminoids 
contains  phosphorus,  and  the  proportion  of  sulphur  appears  to  be  the  same  in  them 
all :  at  all  events,  fibrin  and  egg-albumin,  wnich  perhws  exhibit  the  sreatest  dif- 
ference of  physical  and  chemiou  properties,  do  not  diner  perceptibly  m  amount  of 
sulphur.  Moreover,  the  sulphur  of  albuminoids  cannot  be  completdy  extracted  b^  the 
action  of  alkalis,  so  that  the  existence  of  the  so-called  protein  is  merely  hypothetical 

Gerhardt  was  of  opinion  that  all  the  albuminoids  are  identical,  not  only  in  com- 
position, but  in  chemical  constitution,  and  that  they  differ  from  one  another  only 
in  molecular  arrangement,  and  by  the  nature  of  the  mineral  sabetanoes  with  which 
they  are  associated ;  in  iaucU  that  they  contain  a  common  proximate  dement  which, 
like  many  other  organic  compounds,  is  capable  of  existing  in  a  soluble  and  in  an 
insoluble  modification.  Designating  this  common  element  by  the  name  albumin,  he  sup- 
posed that  white  of  egg  and  serum  consist  of  add  albuminate  of  sodium  (p.  99),  which  is 
separated  by  heat  into  free  albumin  and  neutral  albuminate  of  sodium,  the  latter  remain- 
ing dissolvea ;  that  casdn,  which  is  soluble  and  non-ooagulated  by  heat,  consists  of 
neutral  albuminate  of  potasdum,  from  which  the  organic  compound  may  be  predpitated 
by  neutralising  the  alkali  with  an  add ;  and  that  fibrin  is  albumin  in  the  insoluble  state, 
more  or  less  mixed  with  earthy  i^osphates.  This  view  is  in  acooidanoe  with  the  fact 
that  fibrin  and  casein  may  be  dissolved  in  neutral  potasdum-mlts  (better  with  addi- 
tion of  a  little  caustic  alkali),  forming  a  liquid  which  coagulates  by  heat,  and  defiects  the 
plane  of  polarisation  of  a  luminous  ray  to  the  left,  like  albumin ;  and  that  fibrin  and 
albumin,  dissolved  in  a  certain  quantity  of  caustic  alkali^  exhibit  the  characten  of 
soluble  casein.  Neverthdess,  it  is  possible  to  obtain  the  albuminoids  in  some  cases 
wholly,  in  others  very  nearly,  free  from  mineral  matters,  and  nevertheless  exhibiting 
their  distinguishing  characteristics.  Moreover,  it  is  certain  that  all  these  bodies 
oontain  the  same  proportions  of  carbon,  nitrogen,  and  sulphur. 

Strecker  (Handw.  d.  Chem.  2^  Aufi.  ii  124)  supposes  the  albuminoids  to  be 
compo«ed  of  a  great  number  of  radicles  (a  suppodtion  in  accordance  with  the  variety 
of  their  products  of  decompodtion) ;  that  the  greater  number  of  these  radicles  are  the 
same  in  all  —  hence  their  great  similarity,  —  but  that  each  contains  one  or  more 
such  radicles  peculiar  to  itself.    Thus,  when  casein  is  crgverted  in  the  animal  body 
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into  albamin  and  fibrin,  it  may  take  the  radicles  required  for  that  transformatioD 
from  the  other  eonatituenta  of  the  milk,  tiz.  the  fat  and  the  sugar.  (See  Aunmcc, 
Blood,  Casbin,  CnTaTALUNB,  Fiebik,  Globulin,  ILsMATocBTSTALLm,  Lboukxx, 
Milk,  Vitellxk.) 

AI^BimstVOSB.  This  term  is  applied  by  Bouchardat  to  a  product  of  the  decom- 
position of  animal  fibrin  by  \erj  dilute  hydrochloric  acid  (see  Fibrdt),  and  by  Miaihe, 
to  a  peculiar  substance  into  which  he  supposes  albumin  to  be  converted  by  tiie  action 
of  the  gastric  juice  before  it  is  assimilated. 

AXtCARRAXAB*  Very  porous  vessels  of  slightly  burnt  clay  used  in  hot  climates 
for  cooling  water  and  other  liquids.  The  liquid  oozes  through  the  pores  and  stands 
on  the  outside  of  the  vessel  in  a  sort  of  dew,  which  rapidly  evaporates,  especially  if 
the  vessel  is  exposed  to  a  current  of  air,  and  thereby  cools  the  liquid. 

A&CBBlMrZXi&JL  WXCMklUB.  100  pts.  of  the  fresh  plant  contain,  according 
to  Sprengel :  76*0  pts.  water,  10*3  pts.  extractable  by  water,  and  7*8  by  dilute  potash- 
ley  ;  6*6  woody  fibre  and  1*66  ash  free  from  carbonic  acid.  The  ash  contained  in 
100  pts.;  30*6  potash,  2*4  soda»  33*6  lime,  4*9  magnesia,  0*9  alumina,  14*4  silica, 
4*4  sulphuric  anhydride,  5*4  phosphoric  anhydride,  3*6  chlorine,  and  traces  of  the 
oxides  of  iron  and  manganese. 

AXiCOBO^.  C»H*0  «  C«H».H.O  [or  OH'O'  »  CIPOMO.].  This  compound, 
which  is  the  spirituous  or  intoxicating  principle  of  wine,  beer,  and  other  fermcLted 
liquors,  may  be  regarded  as  the  hydrate  or  hvdrated  oxide  of  ethyl,  or  as  a  molecule  of 
water,  HHO,  in  which  half  the  hydrogen  is  replaced  by  the  radicle  eihyl^  CPJ3LK  It  has  also 
been  regarded  as  a  compound  of  ethylene  and  water,  C*H^.H*0. 

HUtory. —  Intoxicating  drinks  produced  by  fermentation  of  vegetable  juices  contain- 
ing sugar,  have  been  known  from  the  earliest  times ;  but  it  was  not  till  the  twelfth 
centuiy  that  the  method  of  obtaining  pure  spirit  of  wine  or  hydrated  alcohol  from 
these  liquids  by  distillation,  was  discovered  by  Abucasis ;  and  the  dehydration  of  this 
liquid  was  first  partially  effected  by  means  of  carbonate  of  potassium  by  Raimond 
Lullius  in  the  thirteenth  centuiy.  The  mode  of  obtaining  perfectly  anhydrous  alcohol 
was  afterwards  discovered  by  Lowitz. 

Formation. — 1.  By  the  decomposition  of  glucose  ^grape-sugar)  under  the  influence 
of  ferments,  that  is  to  say,  of  nitrogenous  organic  substances,  such  as  yeast,  which  are 
themselves  undergoing  decomposition.  The  sugar  is  then  resolved  mto  alcohol  and 
carbonic  anhydride : 

Cm'Hy*  -  2C«HK)  +  2C0«. 

Other  kinds  of  sugar,  cane-su^  for  example,  as  well  as  starch,  woody  fibre  and 
other  vegetable  substances,  also  yield  alcohol  under  the  influence  of  ferments,  but  they 
are  firat  converted  into  glucose. 

2.  From  ethylene  or  defiant  gas,  by  addition  of  the  elements  of  water : 

C«H*  +  HK)  «  C*H«0. 

Olefiant  gas  briskly  agitated  for  a  long  time  with  strong  sulphuric  add,  is  absorbed, 
and  on  diluting  the  uquid  with  water  and  distilling,  alcohol  passes  over.  This  mode 
of  formation,  fbst  observed  by  Hennel  (PhiL  Trans.  1826,  p.  240),  has  lately  been  con- 
firmed and  fUlly  examined  by  Berthelot(Ann.  Ch.  Phys.  [3]  xlili.  385).  As  olefiant 
gas  can  be  obtained  from  inorganic  materials,  it  follows  that  alcohol  may  be  produced 
without  the  agency  of  livins  organisms. 

Preparation.  1.  0/ Hydrated  or  Aqtieotu  Alcohol. — When  wine  and  other  liquids 
which  have  undergone  the  vinous  fermentation  are  distilled,  alcohol  passes  over  together 
with  a  considerable  quantity  of  water ;  and  by  subjecting  the  pixxnict  to  repeated  dis- 
tillations, spirit  is  obtainea  continually  richer  in  alcohol,  becMise  the  alcohol,  being 
more  volatile  than  the  water,  passes  over  in  larger  quantily  than  the  latter.  But  it  is 
not  possible  to  remove  the  whole  of  the  water  oy  simple  distillation.  The  residue  of 
the  distillation,  if  continued  long  enough,  is  nothing  but  water  containing  small  quan- 
tities of  acetic  acid  (produced  by  oxidation  of  the  alcohol)  and  flisel  oiL  Portions  of 
these  impurities  also  pass  into  the  rectified  spirit.  The  greater  part  of  the  acetic  acid 
however,  and  a  considerable  portion  of  the  fusel  oil  are  left  in  the  residues  of  the 
several  distillations.  The  last  portion  of  the  add  is  easily  removed  by  distillation 
over  a  small  quantity  of  carbonate  of  potassium  or  wood-ashes :  and  the  fusel  oil, 
which  adheres  more  obstinately,  and  imparts  a  very  unpleasant  odour  to  the  spirit,  ia 
best  removed  by  adding  to  the  spirit  about  0*7  of  its  weight  of  coarsely  powdered 
charcoal,  leaving  the  mixture  to  stand  for  several  days,  and  stirring  it  repeatedly,  then 
decanting  and  distilling.    Bone-black  or  blood-charcoal  may  also  be  nseo. 

2.  Of  Anhydrous  or  Absolute  Alcohol. — ^Alcohol  cannot  be  completely  dehydrated  bj 
distillation,  because,  at  the  boiling-point  of  pure  alcohol  (78^  C),  the  vapour  of  watev 
pOMSesses  a  considerable  tension.    The  most  highly  rectified  spirit  obtained  by  ^ 
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tional  diatillAtion,  still  retaisB  about  9  per  cent  of  vater.  The  hst  portions  of  wat  w 
must  be  remored  by  the  agency  of  some  substance  which  has  a  poweriul  attraction  for 
it.  Carbonate  of  potassium,  chloride  of  calcium,  and  quick  lime,  are  the  substances 
most  commonly  used  for  this  pozpoee,  more  rarely  acetate  of  potassium,  sulphate  of 
copper,  and  other  salts. 

a.  By  CarbonaU  of  PoUu&ium. — ^Highly  rectified  spirit  is  shaken  up  with  ignited 
carbonate  of  potassium,  which  forms  a  watery  or  pasty  layer  at  the  bottom.  The 
alcohol,  whose  density  is  thereby  lowered  to  0*815,  is  poiued  off  into  a  distilling  vessel 
oontaixung  twice  the  quantity  of  pulverised  and  recently  ignited  carbonate  of  potassium, 
left  to  stand  for  24  hours,  and  then  two-thirds  of  it  are  distilled  off  (Lo  wi  tz).  This 
method  does  not  however  remove  the  last  minute  portions  of  water. — b.  A  more  com- 
plete dehydration  is  effected  bv  cMoride  of  calcium.  The  salt  fused  or  dehydrated  by 
a  heat  of  400°  G.  is  added  in  thick  lumps  to  twice  its  weight  of  spirit  containing  90  per 
cent  of  real  alcohol ;  and  the  mixture  left  for  some  days  in  a  closed  vessel  and  occa- 
sionally shaken  up,  after  which  it  is  distilled  in  a  retort  over  a  fresh  (quantity  of  ftuied 
chloride  of  calcium.  The  retort  is  heated  in  a  sand  or  oil  bath  with  its  neck  directed 
upwards  to  prevent  the  contents  from  spirting  over.  When  the  quantity  of  water 
is  large,  a  second  treatment  with  chloride  of  calcium  is  necessary  to  effect  complete 
dehy£ation. 

c.  By  Quiek  lime. — A  retort  is  two-thirds  filled  with  small  pieces  of  quick  lime,  and  a 
quantity  of  90  per  cent,  spirit  poured  in  sufficient  to  nearly  cover  the  lime.  The  lime 
soon  slakes  and  becomes  heated ;  the  mixture  is  left  to  digest  for  some  hours ;  and  the 
anhydrous  alcohol  is  then  distilled  off  in  the  water-bath.  The  distillation  must  be  care- 
fully conducted,  otherwise  the  distillate  will  be  contaminated  with  Ume.  Alcohol  con- 
taining fusel  oil  acquires  a  very  unpleasant  odour  when  treated  with  lime.  This  is  by 
£ar  the  easiest  method  of  obtaining  absolute  alcohol. 

tL  When  aqueous  alcohol  is  enclosed  in  a  bladder,  and  exposed  to  warm  air,  the 
water  gradually  percolates  through  the  bladder  and  evaporates,  and  absolute  alcohol  is 
left  inside.    (Sommering.) 

Alcohol  may  be  regarded  as  anhydrous  if  sulphate  of  copper  previously  burnt  white 
does  not  acquire  any  blue  colour  when  immersed  in  the  alcohol  in  a  dose  vessel  (Gas- 
Bor  la),  or  if  it  forma  a  perfectly  dear  mixture  with  benzol  (Gorgeu).  It  is  doubtful 
however  whether  either  of  these  tests  will  indicate  the  presence  of  a  very  minute 
quantity  of  water. 

Properties. — Alcohol  is  a  transparent,  colourless,  verrmobile  liquid,  having  a  stroiig 
refracting  power.  Its  specific  gravity,  according  toKopp  (Pogg.  Ann,  bcdi.  1),  is 
0*792  at  20° ;  or  0*7989  at  15-6°  or  0*8095  at  0°.  If  its  volume  at  0°  G.  be  taken  for 
unity,  the  volume  at  any  temperature  ^  is  given  by  the  formula: 

V  »  1  +  000104139<  +  00000007836^  +  0'000000017618<'. 

and  therefore  for  the  temperatures: 

0°C,  5°0.  10°  C.  15°  C.  20°  a  25°  C.  80°  C. 

the  volumes  of  a  given  quantity  of  alcohol  axe  as  the  numbers: 

100000        100523        101052        101585        1*02128        1*02680        103242 

Alcohol  has  never  been  reduced  to  the  solid  state,  but  becomes  visdd  at  very  low 
temperatures,  as  when  it  is  surrounded  with  a  mixture  of  solid  carbonic  acid  and 
ether  under  an  exhausted  receiver.  It  boils  at  78*4°  G.  (173*1°  Fah.)  when  the  baro- 
meter stands  at  0*76  met  (Gay-Lussac,  Eopp.)  Vapour-density  »  1*613  (Gay. 
Lussac);  by  calculation,  for  a  condensation  to  2  volumes,  it  is  1*591  when  referred  to 

air  as  unity,  and  23  when  referred  to  hydrogen  as  unity  f ^ »  23. ) 

Alcohol  has  an  enlivening  odour  and  a  burning  taste,  and  when  unmixed  with  water 
exerts  a  poisonous  action.    It  is  a  very  slow  conductor  of  electricity. 

DeeomposiHont.  1.  By  Heat. — ^Alcohol-vapour  passed  through  a  red-hot  glass  or  por- 
celain tube  yields  carbonic  anhydride,  water,  hydrogen,  marsh-gas,  defiant  gas,  napbtba- 
lin,  empyreumatic  oil  and  a  deposit  of  charcoal  If  the  tube  1^  filled  with  fragments  of 
pumice-stone,  the  solid  and  liquid  products  consist  of  nalphthalin,  benzol,  hydrate  of 
phenyl,  acetic  add  (?)  and  aldehyde,  together  with  a  number  of  solid  compounds  of  not 
very  definite  character,  some  of  them  smelling  like  musk,  others  like  garlic  (Bert  helot, 
Ann.  Gh.  Phys.  [3]  xxxiii.  285).  Alcohol-vapour  does  not  undergo  decomposition  at 
300°  G.  in  a  tube  containing  fragments  of  porcelain,  but  gives  off  gas  even  at  220°,  if  the 
tube  contains  spongy  platinum.  (Reiset  and  Mi  11  on,  Ann.  Gh.  Phys.  [3]  riii.  280.) 

2.  By  Etectrtoittf. — Absolute  alcohol  scarcely  conducts  the  voltaic  cuirent,  but  when 
^taah  or  potassium  is  dissolved  in  it,  decomposition  takes  plare,  hydrogen  being 
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erolyed    at   the   negatiTe   pole  and  aldehyde-ream  foimed  at  the  poaitiva  pole. 
(GonnelL) 

3.  By  Oxygeti.  —  Alcohol  is  rery  inflammable,  and  bunu  in  the  air  with  a  dull  blue 
flame,  yielding  water  and  carbonic  add.  It  doea  not  readily  deposit  aoot,  even  when  tiia 
supply  of  air  is  limited,  but  absolute  alcohol  deposits  it  more  readily  than  ordinaiy  spirit 
Alcohol-Ti^ur  mixed  with  air  explodes  by  contact  with  flame  or  by  the  electric  spark. 

Imperfect  ConUnution, — When  alcohol  or  its  vapour  comes  in  contact  witb  air,  and 
at  the  same  time  with  platinum  or  certain  other  metals,  an  imperfect  oxidation  of  the 
alcohol  takes  j)lace,  the  metal  being  generally  heated  to  redness,  and  the  alcohol  being 
oonyerted,  pamy  into  carbonic  acid  and  water,  partly  into  aldehyde,  acetic  add,  formic 
add,  acetat  and  a  peculiar  oom^und  having  an  excessively  vangent  odour.  Some 
metals  exdte  this  action  at  ordmazy  temperatures,  others  omy  when  more  or  leas 
heated;  but  in  all  cases  the  action  is  more  powerful  aa  the  metal  is  more  flnely  divided 
and  consequentlv  exposes  a  larger  suiface  to  the  alcohol-vapour.  The  most  powerful 
action  is  exerted  by  platinum  Uack.  When  this  substance  is  shaken  on  paper  mois- 
tened with  alcohol,  it  makes  a  hissing  noise  and  becomes  red-hot,  sometimes  setting 
fire  to  the  alcohol,  or  else  continuing  to  glow,  and  indudng  the  slow  oombostion  above 
mentioned.  If  the  platinum  be  previou^y  moistened  with  a  small  quantity  of  water, 
or  at  once  covered  completely  with  alcohol,  the  ignition  is  prevented,  and  the  slow 
combustion  induced  with  greater  certainty.  If  a  number  of  watch-glasses  containing 
moist  platinum  black,  be  placed  above  a  cQsh  containing  alcohol,  and  a  bell  jar  open  at 
top  inverted  over  them,  the  alcohol  turns  sour  in  a  few  weeks,  and  is  found  to  contain 
aldehyde,  acetal,  acetic  add,  and  acetic  ether. 

This  action  of  platinum  black  affords  an  excellent  means  of  discovering  the  presence 
of  alcohol  in  the  air  or  in  watexy  liquids.  The  liquid,  neutralised,  if  neoessaiy,  Kith 
alkali,  to  prevent  the  escape  of  volatile  adds,  is  introduced  into  a  retort,  into  the  neck 
of  which,  and  near  the  bulb,  is  thrust  a  little  boat  containing  platinum  black,  and  on 
each  side  of  this  boat  is  placed  a  piece  of  litmus  paper,  in  contact  with  the  platinum. 
The  retort  is  then  genUy  heated  in  the  water-bath,  when,  if  alcohol  is  present, 
its  vapour  will  be  converted  into  acetic  add  by  contact  with  the  platinum  black  and 
the  paper  will  be  reddened  (Buchheim).  [Other  volatile  oiganie  liquids  might  exert 
a  similar  action.] 

Spongy  platinum  and  dean  platinum  wire  act  in  a  similar  manner  to  platinum  black, 
but  not  so  quickly.  If  a  coil  of  platinum  wire  be  placed  round  the  wick  of  a  spirit- 
lamp,  the  alcohol  set  on  fire  till  the  wire  becomes  red-hot,  and  the  flame  then  blown 
out,  the  wire  will  continue  to  glow  and  the*  alcohol-vuxrar  to  bum  alowiy,  producing 
acetic  acid,  aldehyde,  &c.  The  same  effect  is  produced  by  a  ball  of  spongy  platinum. 
This  is  the  lamp  without  fiamt,  or  glouj  lamp  of  Sir  H.  Davy. 

4.  By  Chlorine,  —  Chlorine  gas  is  rapiojy  absorbed  by  alcohol,  imparting  to  it  a 
yellow  colour  and  causing  considerable' rise  of  temperature,  which,  if  the  liquid  is  ex- 
posed to  ligh^  may  even  cause  it  to  take  fire.  At  the  same  time  it  rapidly  abstracts 
hvdrogen,  which  is  partly  replaced  by  chlorine,  thereby  nrodudng  hydrochloric  add, 
aldehyde,  acetal,  acetic  add,  acetate  of  ethyl,  diloride  of  ethyl,  and  finally  chloral.  The 
mixture  of  these  substances,  freed  by  washing  with  water  from  the  soluble  constitiieiita, 
was  formerly  called  heavy  hydrochlarie  ether.  The  formation  of  these  several  prodneta 
is  represented  by  the  following  equations : 

OE!K>  +  2  a  »  C«H*0  +  2Ha 

Alcohol.  Aldehyde. 

C»H*0  +  6  CI  =  CHOTO  -fS Ha 


Aldehjde.  Chloral. 

C*H«0  +  HCl  «  C*HH31  +  HH) 


Alcohol.  Chloride  of 

ethyl. 

C»H«0  +  H»0  +  4C1  =  C«H«0«  +  4HC1 


Alcohol.  Acetic  add. 

CHH)  +  C*H*0«  «  C'H»0>.C*H»  +  H*0 


Alcohol.     Acetic  add.   Acetate  of  ethyl. 

Acetate  of  ethyl  may  also  be  formed  by  the  direct  action  of  dilorine  on  the  aleobol  i 
thus: 

2C«H«0  +  4a  «  OTPO«.0«H»  +  4 Ha 

The  acetal,  which  is  probably  formed  at  the  beginning  of  the  process^  aeoording  to  tibf! 
equation : 

8C*H«0  +  2a  -  C«H"0»  +  H«0  +  2Ha, 
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It  iff  (Jm  mott  part  labteqneiitly  conreited  into  aoefeie  add : 

C«H«0«  +  4H^  +  lOCl  -  3C^*0«  +  10H(2L 

When  the  aeUon  of  the  chlorine  ia  oontinned  for  a  long  time^  ehlonl  ia  alwaja  the 
principal  prodoctb 

Chlorine  in  presence  of  allcalia,  eonrerta  alcohol  into  ohlorofinm  and  carbonie 
anhydride: 

CEH)  +  sa  +  0  -  CRCl*  +  6HCI  +  C0« 

The  eame  prodncta  are  formed  hj  diwtniing  dilate  alcohol  vith  hypochlorite  of  cal- 
cium (chloride  of  lime,  bleaching  powder).    (See  Ghlobofobm.) 

Brojiune  acts  upon  alcohol  in  a  similar  manner  to  chlorine,  nrodueinff  bromal,  hydro- 
bromic  acid,  bromide  of  ethyl,  bromide  of  carbon,  formic  acio,  and  ouer  products  not 
yet  thoroughly  examined.  Iodine  is  at  first  dissolved  by  alcohol  without  decomposi- 
tion, and  £rms  a  brown  solution ;  but  after  a  while,  hydriodio  acid  is  produced,  and 
acting  upon  a  portion  of  the  alcohol,  forms  iodide  of  euyL  An  aloohoUc  solution  of 
potash  treated  with  iodine  yields  iodoform  and  iodide  of  potassium,  the  fonner  of  which 
compounds  may  be  separated  by  water. 

5.  Chloric  acidf  in  tne  concentrated  state,  sets  fire  to  alcohol ;  when  diluted,  it  forms 
acetic  acid,  the  action  being  sometimes  attended  with  evolution  of  chlorine.  Perehlo- 
fie  acid  mixes  with  alcohol  without  decomposition  at  ordinarv  temperatures,  but  the 
liquid  when  heated  first  gives  off  alcohol,  then  ether,  and  ultimately  white  vapours 
smelling  like  oil  of  wine,  the  residue  at  the  same  time  tuming  black. 

6.  Strong  Nitrie  acid  decomposes  alcohol,  with  great  evolution  of  heat  and  brisk 
ebullition,  a  mixture  of  various  elastic  fluids,  the  ethereal  nitrous  gaa  of  the  older 
chemists,  being  evolved  and  an  acid  liquid  remaining  behind ;  if  the  nitric  acid  is 
dilute,  the  action  does  not  take  place  without  application  of  heat.  Part  of  the  nitric  acid 
unites  directly  with  the  alcohol,  forming  nitrate  of  ethyl,  but  the  greater  part  is  reduced 
to  nitrous  acid  which  then  forms  nitrite  of  ethyl  (nitrous  ether)  with  a  portion  of  the 
alcohol,  while  the  remainder  of  the  alcohol  is  oxidised  and  converted  into  aldehyde,  acetio 
acid,  formic  acid,  saccharic  add,  oxalic  add,  glyoxal,  glyoxylic  add,  and  glycollic  add, 
together  with  water  and  carbonic  anhydride,  which  escapes  as  oas,  together  with  nitrie 
oxide  and  the  vapours  of  the  more  volatile  among  the  oomponnas  just  mentioned.  The 
formation  of  glyoxal,  ^yoxylio  add,  and  glycollic  adds  is  represented  by  the  equfttiona : 

C«H«0  +  80  -  0«HW  +  2IP0 

«^ — , — '  > — , — ' 

Alcohol.  Otyoxal. 

C^'O  +  30  -  0»H*0«  +  IPO 
Akobol.  OlyoolUe  add. 

COT»0«  +  O  +  H»0  «  C*H*0« 


OljoxaL  Oljon^lle 

If  urea  be  added  to  the  mixture  of  nitric  add  and  alcohol  so  as  to  decomjpose  the 
nitrons  acid  as  fast  as  it  is  formed  (see  Ubba),  the  chief  product  of  the  action  is  nitrate 
of  ethyl  NO'.C'H*.  Hydrocyanic  add  has  fUao  be^i  observed  among  the  products  of 
the  action  of  nitric  add  upon  alcohol. 

When  strong  alcohol  is  heated  with  red  fuming  nitric  add  (containing  nitrons  add) 
and  nitrate  of  silver  or  mercuric  nitrate  is  added,  white  fiunes  are  given  of^  containing 
aldehyde  and  other  oxidised  products,  and  a  crystalline  depodt  of  fulminate  of  silver 
or  mercury  is  formed,  its  production  being  due  to  the  action  of  the  nitrous  add  on  the 
alcohol:  e,g. 

C«H«0  +  (KO«)«H^  -  C«N«Hg^O«  +  8HK) 

Alcohol.  Mercuiio  Fulminato 

nitrite.  of  mercury. 

But  when  a  solution  of  mercury  in  nitric  add  free  from  nitrous  add  is  added  at  a 
temperature  below  100^  C.  to  alcohol  of  sp.  gr.  0*844,  no  action  takes  place  at  first ;  but 
on  raising  the  temperature  to  100^,  a  white  crystalline  precipitate  is  formed,  which  is 
a  compound  of  mercuric  nitrate  with  a  nitrate  of  ethyl  in  which  the  whole  of  the  hydro- 
gen is  replaced  by  mercury  (Sobrero  and  Selmi ;  Gerhardt) : 

4N0«H  +  eHg^O  +  20»H«0  -  ^N0»)«Hg*.(y0«)«(C*ag*).2H«0  +  6H*0 

Cryttallina  compoand. 

7.  Sulphuric  acid  forms  with  alcohol  a  number  of  products  varying  in  quantity 
according  to  the  proportions  in  which  the  two  liquids  are  mixed,  thdr  degree  of  con- 
centration, and  the  temperature  to  which  the  mixture  is  exposed. 


76  ALCOHOL, 

Stzong  solphnrie  add  mixes  with  alcohol,  nrodociiig  eoasidafable  erohitioa  of  fiaaf, 
and  fonnB  etnyl-sulphuric  or  anlphoTimc  aci<(  the  add  being  at  the  same  time  brought 
to  a  greater  state  of  dilution : 

C«H».H.O  +  SO*.H»  -  SO«.H.C«H»  +  H«0 

Alcohol.  Etbyl-Milphuric 

add. 

When  the  ■tpongeat  solphnrie  add  (sp.  gr.  1*826)  is  digested  for  some  time  at  a 
gentle  heat,  with  excess  of  absolute  alcohol,  more  than  half  the  snlphoric  add  is  con- 
Terted  into  ethyl-sulphuric  add.  If  the  add  or  the  alcohol  is  diluted  with  water,  a  con- 
siderable quantity  of  the  sulphuric  add  remains  unaltered*  Sulphuric  add  containing 
1  at.  water  (SO^H'.HK))  forms  ethyl-sulphuric  acid  only  when  heated.  As  the  forma- 
tion of  ethyl-sulphuric  add  is  necessarily  accompanied  by  that  of  water,  a  certain 
portion  of  the  sulphuric  add  must  always  remain  unconverted  into  ethyl-sulphurie 
add. 

Formation  of  Ether. — ^A  mixture  of  1  pt  alcohol,  and  from  1  to  2  pts.  strong  sulphu- 
ric acid  heated  in  a  distillatory  apparatus,  boils  between  120°  and  140°  C,  at  fint  giving 
off  ether,  together  with  more  or  less  undecomposed  alcohol,  then  at  140^  scarcely  any- 
thing but  ether,  at  160°  ether  and  water, — and  at  length  when,  in  consequence  of  toe 
decomposition  of  the  alcohol,  the  proportion  of  sulphuric  add  has  become  excessive, 
and  the  temperature  rises  above  160°,  the  mixture  blackens  and  gives  off  oleflant  gas 
together  with  sulphurous  acid  and  other  products  hereafter  to  be  mentioned.  If  how- 
ever the  alcohol  be  allowed  to  flow  constantly  into  the  vessel  in  a  thin  stream,  bo  as  to 
maintain  the  proportion  of  5  pts.  alcohol  to  9  pt^.  sulphuric  add,  the  temperature  re- 
mains constant  at  about  140°,  no  sulphurous  acid  or  oleflant  gas  is  formed,  but  tha 
alcohol,  as  fast  as  it  is  supplied,  is  given  off  again  in  the  form  of  ether  and  water. 

The  alcohol  converts  a  molecule  of  sulphuric  add  into  ethyl-sulphuric  add  and  water, 
as  above : 

(?H».H.O  +  SO*.H»  «  SO^C«H».H  +  H«0 

AlcohoL        Sulphuric    EtbyUtulpburie     Water. 
acid.  acid. 

and  the  ethyl-sulphurie  add  coming  in  contact  with  another  moleeole  of  alcohol,  yields 
ether  and  sulphuric  add : 

SO<.C*H».H  +  C«H».H.O  -  (C«H»)K)  +  SCHH». 

'^ 1 "» . '      *^ , — — '      -» — , — ' 

Ethyl -folphurlc        Alcohol.  Ether.         Sulphorte 

acia.  add. 

The  sulphuric  add  thus  reproduced  acls  in  like  manner  vjgtm  another  molecule  of 
alcohol,  and  in  tlus  way  the  process  continues  as  long  as  the  snpply  of  alcohol  is  kept 
up.  Etherification  is  therefore  a  continuous  process,  a  given  quantity  of  sulphuric 
acid  being  capable  of  etherifying  a  venr  large  quantity  of  aloohoL  The  water,  how- 
ever does  not  all  pass  off  as  it  is  formed,  so  that  the  sulphuric  add  becomes  oontinuallj 
though  slowly  weaker,  and  consequently  a  continually  larger  quantity  of  alcohol  passes 
over  undecomposed  with  the  ether  and  water. 

The  explanation  just  given  of  the  process  of  etherification  is  due  to  Williamson 
(Chem.  Soc  Qu.  J.  iv.  106,  229).  Its  correctness  is  sbriJdngly  exhibited  by  the 
analogous  reaction  which  takes  place  between  common  alcohol  and  amyl-sulphuric  add. 
When  amyl-aloohol  is  dissolved  in  sulphuric  add,  amyl-sulphuric  add  is  produced : 

C»H».H.O  +  SO*H«  «  SO*.C»H".H  +  HK). 
Now,  on  heatinpr  this  mixture  and  passing  a  stream  of  ordinary  alcohol  through  it^  as 
above,  ethamylic  ether,  or  oxide  of  ethyl  and  amyl  passes  over  first,  then  common 
ether,  and  ethyl-sulphuric  acid  remains  behind  in  place  of  amyl-sulphuric  add : 

SO*.C»H'».H  +  C«H».H.O  -  C»H».C»H».0  +  80*H« 

AmyUtalphurlc         Alcohol.  Oxide  of  ethyl       Sulphurtc 

acid.  and  amyl.  add. 

The  sulphuric  add  thus  reproduced  acts  upon  the  ethyl-alcohol  in  the  manx^er  already 
describ^  the  products  being  ethyl-sulphunc  acid,  ether,  and  water.  The  same  product  a 
are  obtained  by  distilling  a  mixture  of  ethyl-alcohol  and  amyl-aloohol  with  suJphuric 
add. 

The  formation  of  ether  from  alcohol  was  formerlv  regarded  as  a  simple  process  of 
dehydration.  Ether  being  regarded  as  OH^O  and  alcohol  as  its  hydrate,  OIPOMO, 
it  was  supposed  that  the  sulphuric  add  simply  abstracted  the  water  and  left  the  ether. 
Against  this  view,  however,  it  must  be  alleged  that  the  quantity  of  water  given  off  in 
the  distillation  is  very  nearly  equal  to  the  whole  quantity  supposed  to  be  separated 
from  the  alcohol,  which  could  not  be  the  case  if  it  were  retained  by  the  sulphuric  add. 
Moreover,  the  molecule  of  ether  referred  to  the  same  vapour-voluma  aa  that  of  alcohol^ 
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(^B^O^,  if  not  C*B^O,  but  C*H^O^ ;  or,  according  to  the  atomic  weights  adopted  in 
thin  wotkt  alcohol  being  C^HH),  ether  la  C^H**0.  For  these  reasons,  Mitscnerlich, 
Benelins,  ai;d  other  chemists  have  regarded  the  action  of  sulphuric  acid  upon  alcohol 
•■  a  eontact'Oelum,  or  catalytic  aetton^  a  mode  of  expression  which  simply  states  the  ftct 
without  explaining  it. 

Another  objection  to  the  views  just  mentioned,  is  that  they  take  no  account  of  the 
formation  of  ethyl-sulphuric  acid.  That  this,  however,  is  an  essential  step  in  the  process 
of  etherification  is  shown  by  the  fact  that,  on  distilling  amixture  of  alcohol  and  strong  sul- 
phuric acid,  the  quantity  of  ethyl-sulphuric  acid  constantly  diminishes  as  the  ether  passes 
over,  and  that,  if  the  add  be  diluted  so  far  ss  not  to  form  ethyl-sulphuric  acid,  the  mix- 
ture yields  no  ether  by  distillation.  Liebig  therefore  supposed  that  the  ethyl-sulphurie 
acid  is  resolved  at  a  certain  temperature  (120°  to  140°  C.)  into  ether,  sulphuric  acid,  and 
sulphuric  anhydride : 

2(C«H».H.S0«)  -  C«H»0  +  SO«H»  +  SO" 

and  that  the  sulphuric  anhydride,  uniting  with  water  also  present  in  the  mixture,  re- 
pinxluces  sulphuric  acid.  £ut  ethyl-sulphuric  add  when  heated  alone  gives  o£^  not 
ether  but  alcohol,  even  when  heated  to  140°  or  above  in  sealed  tub^;  but  when 
heated  with  alcohol,  it  immediately  yields  ether.  We  are  therefore  led  to  regard  the 
formation  of  ether  as  a  result  of  the  mutual  decomposition  of  alcohol  and  ethyl-sulphnrio 
acid,  in  the  manner  already  explained. 

When  alcohol  and  strong  sulphuric  add  are  heat«d  together  in  sealed  tubes,  the 
alcohol  beinff  in  excess,  a  layer  of  ether  forms  on  the  top  of  me  liquid,  but  no  ethyl-sul- 
phuric add  is  found  in  the  lower  stratum.  If  the  sulpnuric  acid  is  in  excess,  no  ether 
iM  formed  (Graham ,  Chem.  Soc.  Qn.  J,  iiL  24).  In  the  former  case,  it  is  probable  that 
ethyl-sulphuric  acid  was  first  formed,  and  afterwards  converted  by  the  excess  of  alcohol 
into  ether  and  sulphuric  add.  Add  sulphate  of  potassium  (Graham)  and  various  other 
sulphates  heated  with  alcohol  in  sealed  tubes,  also  etherifV  it  more  or  less  completely, 
the  sulphate  being  in  some  cases  converted  into  a  basic  salt.  The  alums,  namely 
common  alum,  ammonia-alum,  potassio-ferric  sulphate,  and  potassio-chromic  sulphate 
heatM  with  an  equal  weight  of  98  per  cent,  alcohol,  etherify  it  completMy.  In  all 
these  cases,  the  sulphate  appears  to  give  up  a  portion  of  its  sulphuric  acid,  which  then 
acts  on  the  alcohol  as  above.   (Beynoso,  Ann.  Ch.  Phys.  [3]  xxviii.  385.) 

Formation  of  Oiefiant  gas. — When  1  pt.  of  alcohol  is  heated  with  3  or  4  pts.  of 
strong  sulphuric  add,  the  mixture  begins,  between  160°  and  180°  C,  to  blacken  and 
thicken,  swells  up  considerably  and  gives  off  defiant  gas  C*H\  together  with  variable 
quantities  of  sulphurous  anhydride,  carbonic  anhydride,  carbonic  oxide,  oil  of  wine, 
acetic  acid,  acetic  ether  and  formic  add,  and  a  black  residue  is  ultimately  left  con- 
sisting of  a  peculiar  acid  called  thiomelanic  add  and  free  sulphuric  acid.  By  passing 
alcohol- vapour  through  a  boiling  mixture  of  10  pts.  of  strong  sulphuric  add  and 
3  pts.  of  water,  olefiant  gas  and  water  are  obtained,  with  scarcely  any  coloration  of 
the  mixture  or  formation  of  secondaiy  products : 

CHH)  -  C«H*  +  WO. 

8.  Sulphuric  anhydride^  SO',  is  dissolved  byabsolute  alcohol,  with  evolution  of  heat, 
and  forms  neutral  sulphate  of  ethyl  SO^.(C'H*)'.  When  the  vapour  of  the  anhy- 
dride is  passed  into  absolute  alcohol,  crystals  of  sulphate  of  carbyl,  C"H^.2S0',  are 
formed,  together  with  ethionic,  isethionic,  ethyl-sulphuric  and  sulphuric  acids. 

9.  PKoaphorie  acid  mixed  with  alcohol  at  ordinary  temperatures,  converts  part  of 
it  into  ethyl-phosphoric  add.  A  mixture  of  phosphoric  acid  with  a  small  quantity  of 
alcohol  yields  olefiant  gas  but  no  ether ;  but  if  the  alcohol  is  in  excess,  ether  is  first 
given  ofi;  then  olefiant  sai»  and  a  thick  add  distillate  probably  consisting  of  neutral 
phosphate  of  ethyl,  P8*.(C*H*)".  Phosphoric  anhydride  absorbs  the  vapour  of  an- 
hydrous alcohol,  forming  ethyl-phosphoric  acid  PO^.C^MI^  and  diethyfphosphoric 
acid,  PO\(C'H^)'.H.  Arsenic  acid  acts  veiy  much  like  phosphoric  add,  proaucing 
ether  and  ethyl-arsenic  add.  Boric  anhydride  (vitrefied  boric  add)  in  the  state  of 
powder  heated  with  absolute  alcohol,  gives  off  olefiant  gas  and  leaves  boric  add. 

10.  Hydrochloric  add  gas  is  absorbed  in  large  quantity  by  alcohol,  and  the  solution 
when  heated  gives  off  chloride  of  ethyl.  The  same  compound  is  obtained  by  distilling 
akohol  with  strong  hydrochloric  acid,  or  with  a  mixture  of  common  salt  and  sulphuric 
add ;  but  when  a  mixture  of  hydrochloric  add  with  a  large  excess  of  alcohol,  dther 
anhydrous  or  hydrated,  is  heated  to  240°  in  a  sealed  tube,  ether  is  formed  as  well  as 
chloride  of  ethyl,  these  two  liquids  forming  a  layer  on  the  suifaoe,  while  the  lower 
■tratnm  eonsists  chiefiy  of  watar  and  hydrMhlonc  add.  The  ether  results  from  the 
action  of  alcohol  on  the  chloride  of  ethyl  already  formed : 

o«H».a + c?H».H.o  « {cm*yo  +  na 
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Th»  tame  transformation  take*  place,  thongb  slowly,  eren  at  100*  C.    (A.  Bey  noao^ 
Ann.  Ch.  Phys.  [3]  xlviii.  385.) 

1 1 .  Many  metallic  chlorides  act  upon  alcohol  in  a  Bimilar  manner  to  liydxt>ehloric  add, 
producing  ether  and  chloride  of  ethyl  Chloride  of  sine  conrtatU  anhydroua  alrohol 
Sto  chloride  of  ethyl  with  a  small  quantity  of  ether.  With  hydimted  alcohol,  it  yield* 
at  165^0.,  ether  and  oil  of  wine,  the  quantify  of  which  increases  as  the  distillationeoea 
on ;  hydrochloric  acid  is  also  given  off;  and  basic  chloride  of  ainc  remains.  When 
dichloride  of  tin  is  distilled  with  a  considerable  quantity  of  alcohol,  ether  and  ehlorid« 
of  ethyl  pass  orer  between  140<>  and  170°  afterwards  a  compound  of  chloride  of  ethyl 
with  dichloride  of  tin.     (Kuhlmann,  Ann.  Ch.  Fharm.  xxxiii.  97,  192.) 

CiTstallised  protochloride  of  tin  distilled  with  alcohol  yields  ether,  but  no  chloride 
of  ethyl  (March and) ;  the  same  decomposition  takes  place  in  a  sealed  tube  at  240°. 
Crystallised  chloride  of  manganese  and  protochloride  of  iron  also  etherify  alcohol  com- 
pletely when  heated  with  it  in  sealed  tubes  to  240°;  the  chlorides  of  eadTnium,  nickel, 
and  cobalt  partially;  in  all  these  cases,  the  etherification  takes  place  without  blacken- 
ing of  the  contents  of  the  tube,  and  with  little  or  no  escape  of  gas  when  it  is  opened 
(R  e  y  n OS  o,  Aww  Ch.  Phys.  p]  xlriiL  386).  The  formation  of  ether  in  these  reactions, 
may  be  exphiined  by  the  following  equations,  given  by  Williamson  for  the  case  of 
chloride  of  zinc: 

2(C«H*0.H)    +  ZnTl*  «  (C^»0)«Zn"  +   2HCL 
C«H».H.O     +  HCl       =  C»H».a  +  H»0. 
2(C«H».C1)      +   (C^»0)«Zn''  -  2(C«H»)«0  +  Zn"Cl«. 

With  sesauieUoride  of  iron,  alcohol  yields  ether  and  chloride  of  ethyl  between  130* 
and  140°C.,  afterwanls  hydrochloric  acid  and  water,  the  residue  consisting  of  sesqui- 
chloride  of  iron  mixed  with  sesquioxide.  With  chloride  of  a^ttmtmum,  chloride  of 
ethyl  is  given  off  between  170°  and  200°,  afterwards  hydrochloric  acid,  and  alumina  ia 
left  behind.  Trichknids  and  'pevdachlcTids  ofamiimMvu  convert  alcohol  into  chloride 
of  ethyl,  with  a  little  ether,  the  residue  consisting  chiefly  of  oxyehloride  of  antimony. 

Vichhride  of  pliUinum  boiled  with  alcohol  of  sp.  gr.  0*818  to  0*898  is  converted 
into  a  black  explosive  powder  called  detonating  platimtm^-^leposit,  CH^PtK),  the  liquid 
acquiring  a  strong  acid  rsaction  and  the  odour  of  chloride  of  ethyl : 

C«H«0  +  PfCl*  -  C^H^PfO  +  2HC1. 

The  chloride  of  ethyl  is  formed  by  the  action  of  the  hydrochloric  aeid  on  another  por* 
tion  of  the  alcohol.    (Zeiss.) 

A  solution  of  1  pt.  of  tetrachloride  of  platinum  in  10  pts.  of  alcohol  of  sp.  gr.  0*828, 
distilled  to  ^,  yields  aldehyde,  chloride  of  ethyl,  and  hydrochloric  add.  The  residual 
dark  brown  liquid  deposits  a  considerable  quantitv  of  the  black  detonating  powder 
just  mentioned,  and  retains  in  solution  the  so-called  infiammable  chloride' of  ptattnum^ 
C*H«PtCl>,  according  to  Zeiss,  or  C>H*Pta*,  according  to  Lie  big.  Its  formation 
is  represented  by  one  of  the  following  equations : 

2C«H«0  +  PtCl*  -  C*H<Pta«  +  C*H*0  +  WO  +  2HCL    (Zeise.) 

Aldehjrde. 

8CHK)  +  2Pta«  -  2C«H«Pta«  +  C«H*0  +  2H«0  +  4HC1.    (Liebig.) 

Aldehjrdft. 

The  formation  of  the  black  deposit  is  not  an  essential  part  of  the  reaction,  and 
indeed  takes  place  most  abundantly  when  the  dichloride  of  platinum  contains  proto- 
chloride. 

Mercuric  chloride,  HgCl^  dissolved  in  alcohol  is  slowly  reduced  to  mereurons  chloride 
Hg'Cl'.  Potash  added  in  excess  to  the  alcoholic  solution  heated  to  60*  C,  forms  an  amor- 
phous vellowprecipitate  containing  carbon,  hydro^^  os^gen  and  merenij,  the  hydrogen 
being  in  smaller  proportion  than  m  alcohoL  This  predpitate  heated  to  200°,  explodes 
without  leaving  any  residue ;  heated  in  the  moist  state,  it  decomposes  less  violently, 
yielding  mercury,  water,  and  acetic  add  (Sobrero  and  Selmi).  Qerhardt  and 
Werther  did  not  succeed  in  preparing  this  compound. 

12.  Trichloride  of  phosj^horus  readily  decomposes  alcohol,  forming  chloride  of  ethyl, 
hydrochloric  acid,  tribasic  phosphite  of  ethyl  and  phosphorous  add.  (B^ champ 
dompt  rend.  xL  944.) 

6(C«H».H.O)  +  2Pa»  -  3C^*C1  -i-  3Ha  -f  PO».(C«H»)»  +  PO'JP. 

13.  With  pentacMoride  of  phosphorus,  the  products  are  chloride  of  etlgrl*  hydro- 
diloric  and  enlorophosphoric  add,  PC1"0 : 

0^».H.O  +  PCl'.CP  -  C«H»CT  +  HCl  +  pa".o. 
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14.  PMiaaulpkids  of  pkoaphortu^  on  the  other  bond,  conrertB  alcohol,  not  into  two 
■eparate  Bolphidefli  but  into  the  single  eompound  mercaftan,  or  sulphide  of  etiiyl 
and  hydrogen : 

5(C»H».H.O)  +  I«8»  -  6(C«H*.H.S)  +  PK)*. 

These  last  two  reactions  ilhistrate  in  a  striking  manner,  the  difference  between  non- 
atomic  and  diatomic  elements  or  radicles.  In  the  former,  the  single  atom  of  oxygen 
in  alcohol  is  replaced  by  two  atoms  of  chlorine,  one  of  which  unites  with  the  ethyl, 
and  the  other  with  the  hydrogen  of  the  alcohol,  forming  two  perfectly  distinct  chlorides; 
whereas  in  the  latter,  the  oi^gen  of  the  alcohol  is  replaced  by  1  atom  of  the  diatomic 
element,  sulphnr,  which  being  indiyisible,  binds  together  the  ethyl  and  hydrogen 
into  one  single  molecule  of  mercaptan«    (Compare  page  11.) 

16.  The  bromides  and  iodides  of  phosphorus,  hy<ux)gen,  and  the  metals,  act  like  the 
chlorides.     Hydrofluoric  acid  appears  to  convert  alcohol  into  flnoride  of  ethyl. 

16.  Potassium  and  sodium  rapidly  decompose  absolute  alcohol,  1  atom  of  hydrogen 
being evolred and  itsplace supphed  by  the  metal ;  the  resulting  compound  is  an  ethyl- 
ate  of  potassium  (C*H*KO)  or  ethylate  of  sodium,  which  crystallises  from  the  saturated 
solution.  The  same  compound  appears  to  be  formed  by  dissolving  hydrate  of  potassium 
or  sodium  in  absolute  alcohol: 

C^M,0  +  KHO  -  C*H».K.O  +  H«0 

The  solution  thus  obtained  exhibits  in  many  cases  the  same  Reactions  as  that  which  is 
produced  by  dissolving  the  metal  in  alcohol. 

17.  Alcohol  heated  with  hydrate  of 'potassium  (or  sodium)  yields  hydrogen  gas  and 
an  acetate :  

C*H*0  +  KHO  «  (?H»KO«  +  4H. 

To  produce  this  decomposition,  a  mixture  of  eqnal  weights  of  the  alkaline  hydrate  and 
pounded  quick  lime  is  moistened  with  alcohol,  the  excess  of  alcohol  driven  off  at  100^, 
and  th«  mixture  gently  heated  without  access  of  air.  Hydrogen  is  then  evolved, 
together  with  a  small  quantity  of  marsh  gas,  and  the  residue  contains  acetate  of  potas- 
sium, which,  at  a  higher  temperature,  is  resolved  into  marsh  gas  and  carbonate  of 
potassium  (p.  17). 

18.  Alcohol-vapour  passed  over  anhydrous  harvta  heated  nearly  to  redness,  yields 
oleilant  gas,  marsh  gas  and  hydrogen,  with  a  residue  of  carbonate  of  barium. 

19.  Gaseous  chloride  of  cyanogen  is  readily  absorbed  by  alcohol,  but  does  not  decom- 
pose it  immediately.  After  a  few  days  however,  or  more  quickly  if  a  Uttle  water  is 
present  or  if  the  hquid  is  heated  to  80^,  chloride  of  ammonium  separates  out,  while 
chloride  of  ethyl,  carbamate  of  ethyl  (urethane)  and  carbonate  of  ethyl  remain  in  solu- 
tion. The  urethane  and  carbonate  of  ethyl  are  formed  in  the  manner  represented  by 
the  two  following  equations : 

(?H«0  +  CNa  +  HK)  -  C»HWO«  +  HCl 

*■ — f — -^ 

Urethane. 

2C«H*0  +  CNa  +  H«0  -  CO«(C«H»)«  +  NHK!1 

^- — « ' 

Carbonate  of 
ethyl. 

The  chloride  of  ethyl  results  from  the  action  of  the  hydrochloric  add,  produced  aa  in 
the  first  equation,  on  the  alcohol.     (Wurtz.  Ann.  Ch.  Fharm.  Ixxix.  77.) 

20.  Many  organic  acids  when  heated  with  alcohol  convert  it  into  oomj^onnd  ethers, 
with  elimination  of  1,  2,  or  S  atoms  of  water,  according  as  the  acid  is  monobasie 
dibane,  or  tribasic :  «.  g, 

C«H».H.O  +  C«HH).H.O  -  CTI»O.C*H».0  +  HK) 


Alcohol.  Acetk  add.  Acetic  ether. 

2(C^*.H.O)  +  CO».H«.0»  -  CG\Cm*)Hy»  +  2H«0 
Alcohol.  Oxalic  acM.  Oxalic  ether. 

a(C«H'.H.O)  +   C^^HW  -  C^H)^(C«H»)».q«  +  8H«0 

Alcohol.  Citric  add.  Citric  «tber. 

With  some  acids,  9.g.  acetie  and  but^c  adds,  the  transformation  is  eaaQy  effected; 
with  others,  as  oxalic  and  hippnric  acid,  it  takes  a  considerable  time :  in  other  cases 
again,  aa  with  benzoic  acid,  no  ether  is  formed  when  the  acid  and  the  alcohol  are  meiMly 
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The  same  tranaformatioii  takee  pUuie,  though  slowly,  eren  mt  100®  C.  (i 
Ann.  Ch.  Phys.  [31  xlyiiL  385.) 

1 1 .  'Mxny  metaUie  chhride*  act  upon  aleohol  in  a  aimilar  manner  to  hjdiv 
producing  ether  and  chloride  of  ethyl  Chloride  of  zino  oonTots  anhf 
uto  chloride  of  ethyl  with  a  small  quantitqr  of  ether.  With  hydraied  alo 
at  155^0.,  ether  and  oO  of  wine,  the  qnantil^  of  which  increases  as  the  dii 
on ;  hydrochloric  add  is  also  giTen  m,  and  basic  chloride  of  sine  rem 
dichloride  of  tin  is  distilled  wiSi  a  eonsiderable  quantity  of  alcohol,  etha 
of  ethyl  pass  over  between  140^  and  170°,  afterwards  a  oomponnd  of  ehk 
with  dichloride  of  tin.     (Knhlmann,  Ann.  Ch.  Fharm.  zzxiii.  97,  193.] 

Crystallised  protochioride  of  tin  distilled  with  alcohol  yields  ether,  bo 
of  ethyl  (Marc hand) ;  the  same  decomposition  takes  |daoe  in  a  sealed 
Ciystallised  chloride  ofmanganeae  and  protochioride  of  iron  also  etheriiy 
pletely  when  heated  with  it  m  sealed  tabes  to  240°;  the  chl(»ides  of  ead 
and  cobalt  partiaUy ;  in  all  these  cases,  the  etherification  takes  place  witi 
ing  of  the  contents  of  the  tnbe,  and  with  little  or  no  escape  of  eas  wheo 
(R  e  y  n  o  8  0 ,  Ann.  Ch.  Phys.  p]  xlTiiL  886).  The  formation  of  etner  in  ti 
may  be  explained  by  the  following  equations,  given  by  Williamson  iot 
chloride  of  zinc : 

2(C«H*0.H)    +   Zn^a*  =  (C»HK))«Zn''  +  2HCL 
C»H\H.O     +  Ha      -  C»H».C1  +  HH). 

2(c«H*.ci)    +  (cmK>yzDr  -  2(c«h»)«o  +  Zn^a* 

With  seequichloride  of  iron,  alcohol  yields  ether  and  chloride  of  ethyl  1 
and  140^C.,  afterwards  hydrochloric  add  and  water,  the  residue  oonsisti 
chloride  of  iron  mixed  with  sesqniaxide.  With  chloride  qf  a/umtittiMi 
ethyl  is  given  off  between  170°  and  200°,  afterwards  hydrochloric  add,  ai 
left  behind.  IHehloride  and  pentaehloHde  of  antimony  convert  alcohol 
of  ethyl,  with  a  little  ether,  the  rendne  consisting  chiefly  of  oxychloride  < 
Dichloride  of  pkUimum  boiled  with  alcohol  of  sp.  gr.  0'813  to  0*898 
into  a  black  exptosive  powder  called  detonating  platinum-depoeit,  C^^ 
acquiring  a  strong  add  reaction  and  the  odonr  of  chloride  of  ethyl : 

C«H«0  +  Pt'a*  -  C^H^'O  +  2HCL 

The  chloride  of  ethyl  is  formed  by  the  action  of  the  hydrochloric  add  on 
ti on  of  the  alcohol.    (Zeiss.) 

A  solution  of  1  pt.  of  tetrachloride  of  platinum  in  10  pts.  of  aleohol  of 
distilled  to  ^,  yields  aldehyde,  chloride  of  ethyl,  and  hydrochloric  add. 
dark  brown  liqnid  deposits  a  considerable  quantity  of  the  black  deton 
just  mentidnod,  and  retains  in  solution  the  so-called  inflammable  chloride 
C«H*PtCl«,  according  to  Zeiss,  or  C»H»Pta«,  according  to  Liebig. 
is  represented  by  one  of  the  following  equations : 

2C«H«0  +  PtCl*  «  C«H*Pta«  +  C«HH)  +  H«0  +  2HC1.    ( 

>>— ^ — ' 
Aldehjrde. 

3C«H«0  +  2PtCl*  -  2C*H«Pta*  +  C»H*0  +  2H*0  +  4HCL    ( 

* — . — ' 
Aldebjdf). 

The  formation  of  the  black  deposit  is  not  an  essential  part  of  the  : 
indeed  takes  place  most  abundantiy  when  the  dichloride  of  platinum  co 
chloride. 

Mercuric  chloride,  HgCl^  dissolved  in  alcohol  is  slowly  reduced  to  mera 
Hg^Cl'.  Potash  added  in  excess  to  the  alcoholic  solution  heated  to  50*0.,  f( 
phous  yellowpredpitate  containing  carbon,  hydrogen,  o^^en  an^  merenij 
being  in  smaller  proportion  than  in  aloohoL  This  predpitate  heated  to  S 
witliout  leaving  any  residue ;  heated  in  the  moist  state,  it  decomposes 
yielding  mercury,  water,  and  acetic  add  (Sobrero  and  Selmi).  < 
Werther  did  not  succeed  in  preparing  this  compound. 

12.  Trichloride  of  phosj^horue  readily  decomposes  alcohol,  forming  chL 
hydrochloric  acid,  tribasic  phosphite  of  ethyl  and  phosphorous  add. 
Compt.  rend.  xl.  944.) 

6(C«H».BL0)  +  2  PCI"  =  3C*H»a  +  3  HQ  +  PO«.CC«H»)«  +  P 

13.  With  pentachloride  of  phosphorus,  the  products  are  chloride  of 
chloric  and  dilorophosphoric  add,  Pd'O : 

C«H».H.O  +  PC1».C1»  «  C»H*C1  +  HCl  +  PC1«.0. 
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The  alcobol  in  all  these  oompoondB  may  be  regarded  as  analogous  to  water  of  ays- 


This  name  is  frequently  applied  to  the  organic  bases  pro- 
duced by  the  substitution  of  alcohol-radicles  for  Uie hydrogen  in  ammonia;  such,  as 
ethylamme,  phenylamine,  &c.    (See  Ajonas.) 


A&COBO&OaKBTKT.  (Alooomiirie,)  The  value  of  spirituous  liquors  depends 
upon  the  quantity  of  alcohol  which  they  contain.  This  may  be  determined  in  yarious 
ways :  viz.  by  the  specific  gravity  of  the  mixtore,  by  its  boiling-point,  by  the  tension  of 
its  vapour,  by  its  rate  of  expansion,  and  by  estimating  the  proportion  of  carbon  contained 
in  it  by  combustion  with  oxide  of  copper.  But  of  all  these  methods,  that  which  depends 
upon  uie  density  is  almost  always  employed  for  practical  purposes,  other  methods  being 
resorted  to  only  when  the  mixtore  of  alcohol  and  water  is  associated  with  foreign 
substances,  such  as  sugar,  or  colouring  matter,  or  salts,  in  sufficient  quantity  to  produce 
a  material  alteration  <^  the  density. 

To  determine  the  amount  of  alcohol  in  a  spirituous  liquor  by  its  density,  it  is  neces- 
sary to  know  beforehand  the  density  corresponding  to  each  particular  proportion  of 
alcohol  and  water.  If  these  liquids  were  capable  of  mixing  without  alteration  of 
volume,  the  specific  gravity  of  Mch  particular  mixture  might  be  calculated  from  the 
proportions  of  alcohol  and  water  contained  in  it,  and  the  known  specific  gravity  of 
absolute  alcohol.  This  however  is  not  the  case,  the  combination  of  alcohol  and  water 
being  attended  with  a  contraction  of  volume  varying  in  amount  with  the  temperature. 
For  this  reason  the  spedflc  gravity  of  each  mixture  of  alcohol  and  water  must  be 
determined  by  direct  experiment,  and  the  results  collected  in  tables. 

The  importance  of  this  object  for  the  purposes  of  revenue  induced  the  British 
government  to  employ  Sir  Charles  Blagden  to  institute  a  very  extensive  and  accurate 
series  of  experiments  on  the  density  of  spirit  of  various  degrees  of  strength.  The 
determinations,  which  were  made  by  Gilpin  under  Blagden's  direction,  were  first  pub- 
lished in  1790,  afterwards  twice  repeated  to  obtain  greater  accuracy,  and  publi^^  in 
the  Philosophical  Transactions  for  1794. 

The  specific  gravity  of  the  mixtures  of  alcohol  and  water  was  determined  by  accu- 
rately weighing  a  quantity  of  the  liquid  in  a  flask  having  a  long  narrow  neck,  and 
filled  with  it  up  to  a  certain  mark,  the  weight  of  an  equal  quantity  of  distilled  water 
having  been  previously  ascertained.  In  this  manner,  the  specific  gravity  of  40  mixtures 
was  determined,  each  at  16  different  temperatures.  The  standard  alcohol  used  to  mix 
with  the  water  was  not  absolute,  but  had  a  specific  gravity  of  0*82614 ;  for  conve- 
nience, however,  it  was  supposed  to  be  »  0*826,  a  corresponding  deduction  being 
made  from  all  tiie  numbers  in  the  table. 


lABiM  L — Showing  the  Specific  Gravity  of  various  nUxtwrtB^  of  Akokol  {of  Specific 
Gravity  82600  at  60^  FaJkr.)  and  Water  at  different  Temperatuiree^  ike  Specific  Gra- 
vity of  water  at  60^  Fakr,  being  100000. 
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diRtilliHl  together ;  but  on  passmg  hydrochloric  gas  into  the  alcoholic  solution  of  the 
acid,  the  ether  is  quickly  fbrmed«  In  this  case,  c^oride  of  ethyl  ia  first  iormed  and 
afterwards  decomposed  by  the  organic  acid.  Other  strong  mineral  acids,  such  as  sul- 
phuric acid,  also  facilitate  the  formation  of  these  compound  ethers. 

Many  polybasic  oivanic  acids  form  acid  ethers  when  digested  with  alcohol ;  thus 
tartaric  acid  forms  ethyl-tartaric  acid  C*H»0\C  *H  ».B[  )0*. 

The  anhydrides  of  monobasic  acids  quickly  oonrert  alcohol  into  the  corresponding 
cthen.    (See  JHeiionary  of  Arts,  Manufactures^  and  Mines,) 

Comjpounds  of  Alcohol.  Alcohol  has  a  veiy  strong  affinity  for  water^  and  mixes 
with  it  m  all  proportions.  The  mixture  is  attended  wit£  slight  evolution  of  heat,  and 
also  with  contraction  of  Tolume,  which  gradually  increases  till  the  mixture  contains 
116  pts.  water  to  100  pts.  alcohol.  Strong  alcohol  absorbs  moisture  from  the  air.  It 
abstracts  water  firom  the  moist  parts  of  the  animal  body,  and  coagulates  them  if  they 
are  of  albuminous  nature ;  hence  its  use  in  the  preseryation  of  anatomical  preparations. 
From  the  same  cause  it  destroys  life  in  the  veins. 

Alcohol  dissolves  iodine  and  bromine  ;  also  sulphur  and  phosphorus  in  small  quan- 
tities.  Gases  for  the  most  part  dissolve  in  alcohol  more  readily  than  in  water.  (See 
Gases,  ABSORFTioir  op.)  Salts  are,  generally  speaking,  less  soluble  in  alcohol  than  in 
water ;  indeed  many  salts  quite  insoluble  in  alcohol  are  easily  soluble  in  water ;  e.  ^. 
the  alkaline  carbonates  and  sulphates.  Chloride  of  mercury  is,  however,  an  exception 
to  the  general  rule,  being  more  soluble  in  alcohol  than  in  water.  Inorganic  compounds^ 
sparin^y  soluble  in  water,  are,  for  the  most  part,  quite  insoluble  in  alcohol ;  so  likewise 
are  efflorescent  compounds.  But  all  deliquescent  salts,  excepting  carbonate  and  phos- 
phate of  potassium  and  a  few  others,  are  soluble  in  alcohoL 

Since  lucohol  does  not  dissolve  all  compounds  which  are  soluble  in  water,  it  follows 
that  many  substances,  when  dissolved  in  alcohol,  do  not  exhibit  the  same  reactiom 
towards  other  substances  as  when  dissolved  in  water.  Thus  many  acids,  when  dis* 
solved  in  absolute  alcohol  do  not  redden  litmus  or  decompose  carbonate  of  barium  oi 
calcium,  probably  because  the  resulting  calcium  or  barium  salt  would  be  insoluble  in 
alcohol. 

Alcohol  readily  dissolves  resins^  ethers,  essential  oils,  fats,  alkaloids,  many  organic 
acids,  and  in  general,  all  substances  containing  a  larger  proportion  of  hydrogen. 

Alcoholatbs.  Alcohol  unites  in  definite  proportion  with  several  salts,  forming 
crystallisable  compounds,  which  however  have  but  little  stability  and  are  almost  au 
decomposed  by  water.  These  compounds  were  first  obtained  by  Graham.  (Graham, 
Phil.  Mag.  Ann.  iv.  265.  331;  Einbrodt,  Ann.  Ch.  Pharm.  Ixv.  116.;  Chodnew, 
ibid.  Ixxi.  241;  Lewy,  Compt  rend.  xxi.  371;  Bobiqueti  J.  Pharm.  [3]  xxvi. 
161.) 

titrate  of  magnesium  dissolved  in  alcohol  forms,  on  cooling  from  a  boiling  hot  solu* 
tion,  a  crystalline  mass  like  maigiirin,  containing  6C'H*0.^N0')'Mg. 

Fused  chloride  of  ealeium  dissolves  in  absolute  alcohol,  and  the  solution,  if  surrounded 
with  ice,  deposits  crystals  containing  4CH*0.CaCl^  This  compound  subjected  to  dry 
distillation  yields  nothing  but  carburetted  hydrogen.  If  the  alcohol  contains  a  small 
quantity  (about  1  per  cent.)  of  water,  the  solution  yields  by  evaporation  sometimes  a 
crystalline  mass,  sometimes  a  syrup,  which  dries  up  in  vacuo  to  a  white  amorphona 
mass.    Both  the  crystals  and  the  syrup  contain  4CH*0.3CaCl'  +  2HK). 

Chloride  of  ginc  forms  with  absolute  alcohol  a  crystalline  compound  which  contains 
CHK).ZnCl,  and  yields  when  heated,  alcohol,  diloride  of  ethyl,  hydrochloric  acid  and 
oxide  of  zinc,  but  no  ether. 

Dichloride  of  tin  and  absolute  alcohol,  brought  together  in  a  vessel  immersed  in  a 
freezing  mixture,  unite  immediately,  and  on  evaporating  the  solution  in  vacuo,  ovef 
sulphuric  acid  and  sticks  of  potash,  crystals  are  formed  containing  4C'H*0.Sn'Cl*O. 
The  crystals  are  very  soluble  in  alcohol.  They  distil  at  80°  almost  without  decompo- 
sition (Lewy.)  By  cooling  a  mixture  of  11*5  pts.  of  anhydrous  alcohol,  and  32*4  pt«. 
of  dichloride  of  tin  in  a  frigorific  mixture,  Kobiquet  obtained  a  white  powder  whieh« 
when  dissolved  in  alcohol,  yielded  by  evaporation  in  vacuo  over  sulphuric  acid,  oystals 
containing  2(?H"0.Sna*. 

With  ^ryta,  alcohol  forms  the  compound  2C*H*0.Ba0,  which  is  obtained  by  add- 
ing anhydrous  baiyta  to  absolute  alcohol,  filtering,  and  again  adding  baryta.  If  the 
alcoholic  solution  be  then  boiled,  the  compound  separate  in  the  form  of  a  granular 
precipitate  which  redissolves  on  cooling.  Water  added  to  the  solution  throws  down 
hydrate  of  barium.    (Berthelot,  Ann.  Ch.  Phys.  [3]  xlvi.  222.) 

The  following  substances  also  form  crystalline  compounds  with  alcohol :  seequichloiride 
of  iron,  protochloride  of  ijBon   nitrate  of  calcium,  and  pvotochloride  of 
(Graham.) 
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The  alcohol  iD  ill  these  eomponndB  may  be  regarded  as  analogous  to  water  of  ays- 
taDisatioiL 


This  name  is  frequently  applied  to  the  oiganic  bases  pro- 

dooed  by  the  sobstitation  of  alcohol-radicles  for  Uie  nydrogen  in  ammonia;  such,  as 
ethylamine,  phenylamine^  dec    (See  Ajonbs.) 


AXiOOBOSbOMBTBT.  (Aleoomiirie,)  The  Talne  of  spiritnons  liquors  depends 
upon  the  quantity  of  alcohol  which  they  contain.  This  may  be  determined  in  xariouB 
ways :  Tic  by  the  spedflc  gravity  of  the  mixtiune,  by  its  boiling-point,  by  the  tension  of 
its  vapour,  by  its  rate  of  expansion,  and  by  estimating  the  proportion  of  carbon  contained 
in  it  by  combustion  with  oxide  of  copper.  But  of  all  these  methods,  that  which  depends 
upon  the  density  is  almost  always  employed  for  practical  purposes,  other  methods  being 
resorted  to  only  when  the  mixture  of  alcohol  and  water  is  associated  with  foreign 
mibstAnces,  such  as  sugar,  or  colouring  matter,  or  salts,  in  sufficient  quantity  to  produce 
a  material  alteration  of  the  density. 

To  determine  the  amount  of  alcohol  in  a  spirituous  liquor  by  its  density,  it  is  neces- 
sary to  know  beforehand  the  density  corresponding  to  each  particular  proportion  of 
alcohol  and  water.  If  these  b'quids  were  capable  of  mixing  without  alteration  of 
volume,  the  specific  gravity  of  each  particular  mixture  might  be  calculated  from  the 
proportions  of  alcohol  and  water  contained  in  it,  and  the  known  specific  gravity  of 
absolute  alcohoL  This  however  is  not  the  case,  the  combination  of  alcohol  and  water 
being  attended  with  a  contraction  of  volume  varying  in  amount  with  the  temperature. 
For  this  resson  the  spedflc  gravity  of  each  mixture  of  alcohol  and  water  must  be 
determined  by  direct  experiment,  and  the  results  collected  in  tables. 

The  importance  of  this  object  for  the  purposes  of  revenue  induced  the  British 
government  to  employ  Sir  Charles  Blagden  to  institute  a  very  extensive  and  accurate 
•eriee  of  experiments  on  the  density  of  spirit  of  various  degrees  of  strength.  The 
determinations,  which  were  made  by  Qilpin  under  Blagden's  direction,  were  first  pub- 
lished in  1790,  afterwarda  twice  repeated  to  obtain  greater  aocura^,  and  published  in 
the  Philosophical  Transactions  for  1794. 

The  specific  gravity  of  the  mixtures  of  alcohol  and  water  was  determined  by  accu- 
rately weighing  a  quantity  of  the  liquid  in  a  flask  having  a  long  nairow  neck,  and 
filled  with  it  up  to  a  certain  mark,  the  weight  of  an  equal  quantity  of  distilled  water 
having  been  previously  ascertained.  In  this  manner,  the  specific  gravity  of  40  mixtures 
was  determined,  each  at  16  diflTerent  temperatures.  The  standard  alconol  used  to  mix 
with  the  water  was  not  absolute,  but  had  a  specific  gravity  of  0'82614 ;  for  conve- 
nience, however,  it  was  supposed  to  be  «  0*826,  a  coziesponding  deduction  being 
made  from  all  the  numbers  in  the  table. 


rAHLB  L — Showing  the  Specific  Gravity  of  various  mixtures^  of  Meokol  (of  Specific 
CrravU^  82600  at  OO^  Fakr,)  and  WaUr  at  different  Temperaturee,  tie  Specific  Gra- 
vity of  water  at  60^  Fakr,  being  100000. 
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spirit  lo 

10  gr.  of 

water. 

100 

vrains  of 

•ptrit  to 

15  gr.  of 

water. 

100 

trains  of 

•ptrit  to 

lOgr.of 

watrr. 

100 

grains  of 

spirit  to 

SAgr.of 

water. 

100 

grains  of 

spirit  tf> 

30gr.  of 

water. 

100 

grMins  of 

spirit  lo 

3.^  gr.  of 

water. 

100 

grains  of 

spirit  to 

40  gr.  of 

water. 

100 

graincof 

spirit  to 

45gr.of 

water. 

100   J 

grains  o( 

spirit  to 

50  gr.  of 

water. 

30  F. 

'88896 

84996 

•86967 

-86826 

•87686 

•88282 

•88921 

•89611 

•90064 

90668 

•91023 

36 

83672 

84769 

86729 

86687 

87367 

88069 

88701 

89294 

89839 

90346 

90811 

40 

83446 

84639 

86607 

86361 

87184 

87838 

88481 

89073 

89617 

90127 

90696 

46 

83214 

84310 

86277 

86131 

86906 

87613 

88266 

88849 

89396 

89909 

90380 

60 

82977 

84076 

86042 

86902 

86676 

87384 

88030 

88626 

89174 

89684 

90160 

66 

82736 

83834 

84802 

86664 

86441 

87160 

87796 

88393 

88946 

89468 

89933 

60 

82600 

83699 

84668 

86430 

86208 

86918 

87669 

88169 

88720 

89232 

89707 

66 

82262 

83362 

84334 

86193 

86976 

86686 

87337 

87938 

88490 

89006 

89479 

70 

S2023 

83124 

84092 

84961 

86736 

86461 

87105 

87706 

88264 

88773 

89262 

76 

81780 

82878 

83861 

84710 

86496 

86212 

86864 

87466 

88018 

88638 

89018 

80 

81630 

82631 

83603 

84467 

86248 

86966 

86622 

87228 

87776 

88301 

88781 

86 

81291 

82396 

83371 

84243 

86036 

86767 

86411 

87021 

87690 

88120 

88609 

90 

81044 

82160 

83126 

84001 

84797 

86618 

86172 

86787 

87360 

87889 

88376 

96 

80794 

81900 

82877 

83763 

84660 

86272 

86928 

86642 

87114 

87664 

88146 

too 

80648 

81667 

82639 

83613 

8403S 

86031 

86688 

86302 

86879 

87421 

87916 

Vol.  I. 
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Tablb  I.  (cchHnued), 


Heat 

100 

grafniof 

spirit  to 

5Agr.  of 

water. 

100 

grains  of 

spirit  to 

60gr.  of 

water. 

100 

grains  of 

spirit  to 

65gr.  of 

water. 

100 

grains  of 

spirit  to 

70  gr.  of 

water. 

100            100 

grains  of  grains  of 

spirit  to    spirit  to 

75gr.of   tlOgr.  of 

water,      water. 

100 

grains  of 

spirit  to 

85gr.of 

water. 

100 

grains  of 

spirit  to 

90gr.or 

water. 

100 

grains  of 

spirit  to 

95gr.of 

water. 

1 

100 

grains  of 

spirit  to 

lOOgr.of 

water. 

30°  F. 

-91449 

•91847 

•92217 

•92663 

*92889 

-93191 

•93474 

•93741 

•93991 

^222 

36 

91241 

91640 

92009 

92366 

92680 

92986 

93274 

93641 

93790 

94026 

40 

91026 

91428 

91799 

92161 

92476 

92783 

93072 

93341 

93692 

93827 

46 

90812 

91211 

91684 

91037 

92264 

92670 

92869 

93131 

93382 

93621 

60 

90696 

90997 

91370 

91723 

92061 

92368 

92647 

92919 

93177 

93419 

66 

90367 

90768 

91144 

91602 

91837 

92146 

92436 

92707 

92963 

93208 

60 

90144 

90649 

90927 

91287 

91622 

91933 

92226 

92499 

92768 

93002 

66 

89920 

90328 

90707 

91066 

91400 

91716 

92010 

92283 

92646 

92794 

70 

89696 

90104 

90484 

90847 

91181 

91493 

91793 

92069 

92333 

92680 

76 

89464 

89872 

90262 

90617 

90952 

91270 

91669 

91849 

92111 

92364 

80 

89226 

89639 

90021 

90386 

90723 

91046 

91340 

91622 

91891 

92142 

86 

89043 

89460 

89843 

90209 

90668 

90882 

91186 

91466 

91729 

91969 

90 

88817 

89230 

89617 

89988 

90342 

90668 

90967 

91248 

91611 

91761 

96 

88688 

89003 

89390 

89763 

90119 

90443 

90747 

91029 

91290 

91631 

100 

88367 

88769 

89168 

89636 

89889 

90216 

90622 

90806 

91066 

91310 

1 
• 

Hent. 

95 

grains  of 

spirit  to 

100  gr.  of 

water. 

90 

grains  of 

spirit  to 

100  gr.  of 

water. 

85 

grains  of 

spirit  to 

lOOgr.of 

water. 

80 

grains  of 

spirit  to 

100  gr.  of 

water. 

75 

grains  of 

•pirIt  to 

100  gr.  of 

water. 

70 

grains  of 

spirit  to 

lOOgr.of 

water. 

6ft 

grains  of 

spirit  to 

lOOgr.of 

water. 

80 

grains  of 

spirit  to 

lOOgr.of 

water. 

59 

grains  of 

spirit  to 

lOOgr.of 

water. 

60 

grains  of 

spirit  to 

lOOgr.of 

vater. 

30°  F. 

•94447 

•94676 

•94920 

•96178 

•96429 

•96681 

•96944 

•96209 

•96470 

•96719 

36 

94249 

94484 

94734 

94988 

96246 

96602 

96772 

96048 

96316 

96679 

40 

94068 

94296 

94647 

94802 

96060 

96328 

96602 

96879 

96169 

96434 

46 

93860 

94096 

94348 

94606 

94871 

96143 

96423 

96703 

06998 

96280 

60 

93668 

93897 

94149 

94414 

94683 

94968 

96243 

96634 

96831 

96126 

56 

93462 

93696 

93948 

94213 

94486 

94767 

96067 

96367 

96662 

96966 

60 

93247 

93493 

93749 

94018 

94296 

94679 

94876 

96181 

06493 

96804 

66 

93040 

93286 

93646 

93822 

94099 

94388 

94689 

96000 

96318 

96636 

70 

92829 

93076 

« 93337 

93616 

93898 

94193 

94600 

94813 

96139 

96469 

76 

92613 

92866 

93132 

93413 

93696 

93989 

94301 

94623 

94967 

96292 

80 

92393 

92646 

92917 

93201 

93488 

93786 

94102 

94431 

94768 

96111 

Heat. 

45 

grains  of 

spirit  to 

lOOgr.of 

water. 

40 

grains  of 

spirit  to 

100  gr.  of 

water. 

85 

grains  of 

spirit  to 

lOOgr.of 

water. 

80 

grains  of 

spirit  to 

lOOgr.of 

water. 

95 

grains  of 

spirit  to 

lOOgr.of 

water. 

90 

grains  of 

spirit  to 

100  gr.  of 

water. 

15 

grains  of 

spirit  to 

lOOgr.of 

water. 

10 
grains  of 
spirit  to 
lOOgr.of 

water. 

8 

grains  of 

spirit  to 

lOOgr.of 

water. 

30OF. 

•96967 

•97200 

•97418 

•97636 

•97860 

98108 

-98412 

•98814 

•99334 

36 

96840 

97086 

97319 

97656 

97801 

98076 

98397 

98804 

99344 

40 

96706 

96967 

97220 

97472 

97737 

98033 

98373 

98796 

99346 

46 

96663 

96840 

97110 

97384 

97666 

97980 

98338 

98774 

99388 

60 

96420 

96708 

96996 

97284 

97689 

97920 

98293 

98746 

99316 

66 

96272 

96676 

96877 

97181 

97600 

97847 

98239 

98702 

99284 

60 

96122 

96437 

96762 

97074 

97410 

97771 

98176 

98664 

90244 

66 

96962 

96288 

96620 

96969 

97309 

97688 

98106 

98694 

99194 

70 

96802 

96143 

96484 

96836 

97203 

97696 

98028 

98627 

99134 

76 

96638 

96987 

96344 

96708 

97086 

97496 

97943 

98464 

90066 

80 

96467 

96826 

96192 

96668 

96963 

97386      97846 

98367 

98991 

ALCOHOLOMETRY.  83 

Gilpin's  tablei  do  not  gire  directly  the  quantity  of  aboolate  alcohol  contained  in  spirit 
ef  any  giyen  deosi^.  In  this  respect^  however,  they  hare  been  completed  by  t^ 
experiments  of  Tralles,  who  in  1811  (Gilbert's  Annalen,  xzxriii  386),  determined 
the  specrific  graTity  of  alcohol,  dehydrated  as  completely  as  possible  by  means  of 
chloride  of  ^dum,  and  likewise  the  strength  of  Gilpin^  standard  spirit,  haying  a 
specific  grayity  of  0'825  at  60^  F.  He  found  that  the  specific  grayity  of  absolute 
slcohol  at  60°  F.  compared  with  that  of  water  at  its  maximum  density  is  0*7939  (or 
0*7946  compared  with  water  at  60^)  and  that  Gilpin's  standard  spirit  contains  in  100 
parts  by  weight,  89*2  parts  of  anhydrous  alcohol,  and  10*8  parts  of  water.  Proceeding 
upon  these  &ta,  Tralles  calculated  the  proportions  of  absoluts  alcohol  and  water  con- 
tained in  spirit  of  yarious  densities ;  the  results  are  giyeu  in  Table  IL  p.  83. 

The  proportions  of  alcohol  in  spirit  of  wine  may  be  expressed  either  by  weight  or  by 
volume.  The  Ibnner  mode  of  expression  is  by  far  the  simpler  and  more  definite, 
because  the  proportion  by  weight  is  independent  of  the  temperature,  whereas  the 
proportion  by  volume  varies  with  the  temperature,  being  affected  by  the  different 
rates  of  expansion  of  alcohol  and  water.  For  sdentifio  purposes,  therefore,  the 
strength  of  spirit  is  always  expressed  in  percentage  by  weight  In  commerce, 
on  the  contraiT,  the  method  by  volume  is  always  adopted,  spirit  being  generally 
bought  and  sold  bv  measure,  not  by  weight  It  becomes  therefore  necessary  to  know 
how  to  calculate  tne  composition  by  volume  fnm  the  composition  by  weight  and  the 
observed  specific  gravity. 

Let  8  be  the  specific  gravity  of  the  spirit  (mixture  of  alcohol  and  water) :  a  the 
quantity  of  alcohol  in  100  parts  by  ivvight,  and  therefore  100  -  a  the  quantity  of 
water ;  F  the  volume  of  the  spirit  refen«d  to  a  unit  of  volume,  such  that  a  quantity 
of  water  which  fills  it  is  the  unit  of  weight  («.  y.  if  the  weight  is  exprpssed  in  grammes, 
V  in  measured  in  cubic  centimetres)  then : 

100  ^  V  .  S 

If  then,  the  specific  gntvity  of  anhydrous  alcohol  at  the  observed  temperature  com- 
pared with  water  at  the  same  temperature  be  s,  the  volumes  of  alcohol  and  water  con- 
tained in  the  spuit  are : 

a 

-      and      100  —  a 

and  consequently,  the  proportions  of  alcohol  and  water  in  100  volumes  of  the  spirit 

are: 

a  100  8        .  .   ,    ,   , 

"     •     -99-    mm   a.  ^    volumes  of  alcohoL 

9  V  9 

and:  (100— a)  *  -y-     «*      (100  —  a)  5  volumes  of  water. 

For  example :  from  the  table  p.  86  it  appears  that  spirit  oontaining  77*09  per  cent  of 
alcohol  by  weight  has  at  60°  F.  a  sp.  gr.  of  0*8565,  referred  to  water  at  the  same  tem- 
peratnre,  and  tiie  specific  gravity  of  absolute  alcohol  referred  to  the  same  standard  is 
0*7946 :  hence  the  percentage  of  alcohol  by  volume  is : 

8666 
7709  •  j5^  -  83*00 

and  the  percentage  by  volume  of  water  is : 

(100  —  7709)  .   0'S566  «  22*91   .   0*8666  -  20*60 

the  whole  being  measured  at  60°  F. 

The  volumes  of  alcohol  and  water  thus  obtained  amount  together  to  more  than  100, 
in  the  pr^eding  example  to  103*60 ;  and  accordingly,  if  83*00  measures  of  alcohol  be 
mixed  with  20*60  measures  of  water,  both  at  60°  F.,  the  mixture,  after  it  has  cooled  to 
60°  F.,  will  fUl  exactly  100'  measures,  and  the  spirit  thus  produced  will  contain 
83  volumes  per  cent  of  alcohol.  (Bespecting  the  contraction  which  takes  place  on 
mixing  alcohol  and  water  in  various  proportions,  see  Bud  berg,  Fogg.  Ann.  xiiL  196 : 
also  Kopp,  ibid.  liiL  366.) 

When  tne  volume  per  cent  in  a  mixture  of  alcohol  and  water  is  given,  the  weight 
per  cent,  is  found  from  the  equation : 

a  ^  F'  n 

8 

Thus,  according  to  the  table  (p.  85)  spirit  containing  68  volumes  per  cent,  of  aleohol 
has  a  spi  gr.  of  0*8949  at  60°  r.    Hence  the  weight  per  cent  of  alDohd  is : 

« -  •^  •  Ss  "  ^^'^^ 

thaliitOMy:  100  lbs.  of  this  spirit  contain  69*38  lbs.  of  akoU  and  89-62  lbs.  of  wate. 
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The  speeiile  gniTity  of  aqueous  aleohol  may  be  determined  by  aoy  of  the  ordinsiy 
methods ;  either  by  weighing  in  a  specific  gravity  bottle,  or  by  means  of  the  hydrometer 
(See  Specific  Orjlvitt  and  Htdboicbtbb;)  and  thence  the  percentage  of  anhydrous 
alcohol  by  weight  and  by  Tolome  may  be  determined  by  means  of  the  preceding  formal» 
and  the  tables  to  be  given  hereafter.  To  ftcilitate  these  detenninations,  hydromefers 
ere  constmcted  with  scales  marking  directly  the  percentage  of  alcohol  by  volume,  and 
sometimes  also  by  weighti  of  the  spirit  in  whidi  they  are  immersed.  Such  instft- 
ments  are  called  Alooholombtbbs.  Three  of  them  are  in  use,  viz.  the  alcoholometer 
of  Tralles,  which  gives  the  percentage  volume  for  the  temperature  of  6<P  F. 
»  12}  R  »  16{  C. ;  Oay-Lussac*s  alcoholometer,  which  likewiiM  indicates  peroentaoe 
by  volume  at  15^  G. ;  and  Meissner^s,  which  gives  percentages  both  Iby  weight 
and  volume,  the  latter  for  the  temperature  of  14®  B  »  17*5®  G. 

As  the  scales  of  these  instruments  are  constructed  for  different  temperatures,  they 
cannot  be  expected  to  agree  exactly;  but  the  differences  arising' from  this  cause  are 
trifling.  Greater  diBcrepancies  however  arise  from  the  different  experimental  data 
upon  which  the  scales  have  been  constructed ;  that  of  Italics  beinp  Jbunded  on  the 
exact  and  extensive  observations  of  Gilpin,  and  Meissner^s  on  experiments  of  his  own. 
Gay-Lussae  has  not  stated  on  what  experimental  data  his  observations  are  foimded, 
but  his  numbeis  agree  veiy  nearly  with  those  of  Tralles,  the  differences  never  exoeed- 
ing4  per  cent  for  the  same  speeifle  gravity. 

The  following  table  eives  the  percentages  of  anhydrous  alcohol  both  by  weight  and 
volume  of  mixtures  of  slcohol  and  water,  according  to  their  specific  ipavity  as  det^min^ 
by  Tndles  from  the  observations  of  Gilpin ;  also  the  soecifie  gravities  as  determined  by 
Gay-Luasae.  They  are  deduced  from  Tralles*  nnmoers  by  multiplying  by  1*0009. 
The  corresponding  indications  of  the  hydrometers  of  Beck,  Baume^  and  CaxtiflE^  are 
likewise  added.  • 

Tabui  n. 


Volume* 
per  cent. 

■coord- 
tag  to 

TnSles. 

WelgfaU  per  osot. 

according  to  Gllpla 

At  &P  F.al5{  C. 

Spedio  grsTltlet 
•ceording  to  Oay- 
LniMC  at  16®  C. 

Depaetof 
dromelar. 

Degrees  of 
Baiimft** 
Hydro, 
neter. 

Dtgreet  of 

Ciirtier*a 

Hydro- 

meter. 

0 

0 

1-0000 

1-0000 

0-0 

10 

11 

1 

0*80 

0-9986 

— 

— 

— 

... 

2 

1*60 

9970 

— . 

— 

— 

— 

8 

2*40 

9966 

.— 

— 

— 

— 

4 

8-20 

9942 

-^ 

1*0 

— 

-^ 

6 

4-00 

9928 

^ 

1-2 

11 

12 

6 

4*31 

9916 

^ 

1-4 

.» 

_ 

7 

6-62 

9902 

-i. 

1*6 

-^ 

^  ' 

8 

6*48 

9890 

— 

1-9 

^^^^ 

i-. 

9 

7*24 

9878 

— 

21 

.. 

—. 

10 

806 

9866 

»^ 

2*8 

12 

— . 

11 

8*87 

9864 

... 

2*6 

..- 

— . 

12 

9*69 

9844 

— 

2*7 

— 

13 

13 

10*61 

9832 

-mm 

2-9* 

.. 

i.. 

14 

11*38 

9821 

_. 

8-1 

.— 

_ 

16 

1216. 

9811 

_ 

8-8 

—> 

.ii. 

16 

12*98 

9800* 

-^ 

8*6 

18 

._ 

17 

13-80 

9790 

mm^ 

8-6 

— 

.i. 

18 

14*63 

9780 

— 

8-8 

— . 

.. 

19 

16-46 

9770 

— 

4-0 

— 

14 

20 

16*28 

9760 

.«■ 

4-2 

... 

^^ 

21 

17*11 

9760 

.» 

4-4 

— 

«. 

22 

17*96 

9740 

-^ 

4-6 

-* 

^— 

23 

18-78 

9729 

— 

4*8 

14 

—' 

24 

19*62 

9719 

-» 

4-9 

— 

— 

25 

20*46 

9709 

m^ 

6*1 

-. 

— 

26 

21*30 

9698 

— 

6*3 

^— 

16 

27 

2214 

9688 

« 

6-6 

... 

«. 

28 

22*99 

9677 

— . 

6-7 

— . 

_ 

29 

23*84 

9666 

— 

6*9 

16 

-^ 

80 

24*69 

9666 

0*9666 

61 

_ 

.. 

81 

26*66 

9648 

.. 

6-4 

_ 

». 

83 

26-41 

0681 

— 

6-6 

— 

— 
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Tahu  IL  {continued). 


Volumet 
per  cent. 

specific  GraTltiet 

Specifle  OravUlei 

at-cording  to  Gat- 

Luisac  at  IV*  C. 

negrec*  of 
B'H-k's 
Hjdro. 
meter. 

Degree*  of 

Degrees  of 

aceord- 

iagto 

Trallet. 

Wcighu  per  emC. 

according  to  Gflpin 

Bauni6*a 

Hydro- 

lUfter. 

Canier'i 

Hydro. 

meter. 

83 

27-27 

0-9618 

0-9656 

6-8 

15 

16 

84 

2813 

9605 

— 

70 

16 

^_ 

85 

28-99 

9592 

9595 

7-2 

_ 

__ 

36 

29-86 

9579 

._ 

7-5 

^-m 

.^_ 

87 

30-74 

9565 

..i^ 

7-7 

... 

^__ 

38 

81-62 

9550 

m,^- 

8-0 

^_ 

17 

89 

32-50 

9535 



8-3 

17 

40 

33-39 

9519 

9523 

8-6 

^i^« 

41 

84-28 

9503 

—^ 

8-0 

_ 

_ 

42 

3518 

9487 

^ 

9-2 

... 

18 

43 

36-08 

9470 

_ 

9-5 

18 

44 

86-99 

9452 

_ 

9-8 

... 

-     - 

45 

87-90 

9435 

9440 

10-2 

.. 

,   ^ 

46 

38-82 

9417 

.mmm 

10-5 

19 

19 

47 

89-75 

9399 

.. 

10-9 

_ 

MM. 

48 

40-66 

9381 

_ 

11-2 

^_ 

■w^ 

49 

41-59 

9362 



11-6 

— 

_ 

50 

42-52 

9348 

9848 

11-9 

20 

20 

51 

43-47 

9328 

— 

12-8 

52 

44-42 

9303 

^^ 

12-7 

^_ 

- 

53 

45-36 

9283 

... 

13-1 

21 

^^ 

54 

46-32 

9262 

.. 

13-5 

21 

55 

47-29 

92^ 

9248 

13-9 

^^ 

56 

48-26 

9221 

«_ 

14-3 

22 

... 

57 

49-23 

9200 

v_ 

14-8 

22 

58 

50-21 

9178 

_ 

15-2 

28 

59 

51-20 

9156 

— 

15-6 

— 

60 

52-20 

9134 

9141 

16-1 

23 

61 

53-20 

9112 

^.. 

16-5 

24 

62 

54-21     • 

9090 

mm^ 

17-0 

63 

55-21 

9067 

m— 

17-5 

25 

24 

64 

56-22 

9044 

^_ 

180 

65 

57-24 

9021 

9027 

18-4 

^^^ 

25 

66 

59-27 

8997 

^_ 

18-9 

26 

67 

59-32 

8973 

_ 

19-4 

^           IB 

68 

60-38 

8949 

_ 

20-0 

27 

26 

69 

61-42 

8925 

— 

20-5 

70 

62-50 

8900 

8907 

210 

28 

27 

71 

63-58 

8875 

».. 

21-5 

^^^ 

72 

64-66 

8850 

.^ 

22-1 

^_^ 

^_ 

73 

65-74 

8824 

... 

22-6 

29 

28 

74 

66-88 

8799 

... 

23-2 

75 

67-93 

8773 

8799 

23-8 

30 

'  29 

76 

69-05 

8747 

.1., 

24-4 

77 

70-18 

8720 

... 

25-0 

31 

30 

78 

71-81 

8698 

... 

25-6 

79 

72-45 

8664 

— 

26-2 

32 

— 

80 

73-59 

8639 

8645 

26-8 

31 

81 

74-74 

8611 

... 

27-4 

S3 

82 

75-91 

8583 

.. 

28-0 

34 

32 

83 

77-00 

8555 

_ 

28-7 

84 

78-29 

8526 

.^ 

29-4 

35 

33 

85 

79-50 

8496 

8502 

30-1 

86 

80-71 

8466 

— 

30-8 

36 

84 

o  8 
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Tabt.h  XL 

(cofUmue€C). 

Tohunei 
poreent 
■ocord^ 

iBf  to 

TtmUM. 

Welghto  per  eent. 

Specific  GraTlttet 

aooordtngtoOil- 

piBatea>-18|»C 

Spodfic  GnritiM 
tiecordbig  to  Gav- 
LuMac  at  1&°  C. 

DecreMof 

Beck*ft  Bjr- 

drometer 

DegroM  d  DogroM  of 

Baiiiii4*t     Cartier'i 

Hydro*       Hjdro- 

motar.         meter. 

87 

81-94 

0-8436 

0-8602 

81-6 

37 

36 

88 

83-19 

8406 

'^ 

32-2 

_ 

_ 

89 

84-46 

8378 

— 

83-0 

38 

36 

90 

86-76 

8340 

8346 

83-8 

^_„ 

, 

91 

87-09 

8306 

— . 

34-7 

39 

37 

92 

88-37 

8272 

— 

36-6 

40 

38 

98 

89-71 

8237 

— 

36-4 

41 

— 

94 

91-07 

8201 

— 

37-3 

-— 

39 

96 

92-46 

8164 

8168 

38-2 

42 

40 

96 

93-89 

8126 

— 

39-2 

43 

._ 

97 

96-34 

8084 

— 

40-3 

44 

41 

98 

96-84 

8041 

— ^ 

41-6 

46 

42 

99 

98*39 

7996 

— 

42-7 

46 

43 

100 

100-00 

7946 

7947 

43*9 

47 

^ 

The  use  of  this  table  may  be  extended  to  intermediate  nnmben  by  interpolation. 
ThnB,  if  it  be  required  to  find  the  oompoution  by  Yolnme  of  a  mixture  of  601bA»  of 
anhydrous  alcohol  and  60  lbs.  of  water,  we  find  from  the  table  that : 

49-23  p.  e.  by  weight  oorresponds  to  67  p.  c  by  Tolnme 
and:  60-  2  „  „  68 

and  ,       1 


99 


difference 


0-98 


Hence,  to  find  the  fraction  which  must  be  added  to  the  nnmber  67  togiye  the  percent 
age  Required,  we  have  the  proportion : 

0-98  :  (60  -  49-23)  «  1  :  * 

77 
which  giyee :  ^  b  ^  »  0*8 

vO 

Whence  it  appears  that  100  yolumes  (measured  at  60^  F.)  of  a  spirit  containing  equal 
weights  of  alcohol  and  water  contain  67-8  Tolumes  of  alcohol,  also  at  60^. 

Af^adn,  let  it  be  required  to  find  the  composition  of  a  spirit  having  at  60°  Fahr.  the 
specific  fpewity  0*8966,  compared  with  water  at  the  same  temperature;  this  number  is 
intermediate  between  the  numbers  8949  and  8973  in  the  third  column  of  the  table, 
which  correspond  to  the  volume  per  oentages  67  and  68 ;  hence  the  proportion : 

8973  -  8949  :  8973  -  8956  »  1  :  jr 


which  gives 


2?"    ' 


Chat  is  to  sav,  100  measures  of  spirit  of  sp.  0*8966  at  60°  Fahr.  oonti^  67{  measures  of 
anhydrous  alcohoL 

if  eiasner's  results  are  given  in  his  "  Araometrie  in  ihrer  Anwendung  auf  Ghemie  luid 
Technik,"  Wien,  1816.  Th.  ii  27.    They  differ  somewhat  from  the  preceding. 

■ 

Tablb  IL  a. — Speeifie  Gravity  {according  to  MeUtner)  of  HyiraUd  Meokol  containing 

in  100  parts: 


AlcoboL 

Bjr  Weight. 

By  Volomo.                        1 

Farto. 

At«°C. 

At  17-BO  C. 

At  SOP  C. 

Atl7-»»C. 

100 
96 
90 
86 
80 
76 
70 

0-791 
0*806 
0-818 
0-831 
0-843 
0-866 
0-868 

0-793 
0-801 
0-822 
0-836 
0-847 
0-869 
0*870 

0-791 
0-809 
0-824 
0-839 
0-864 
0-867 
O-880 

0-793 
0-811 
0-828 
0-843 
0-867 
0-869 
0-888 
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Tablr  n.  a.  (continued). 


Alcohol. 

Bj  Weight. 

By  Volume. 

FUH. 

At  SOP  C. 

At  l7-5*>  C. 

At  20°  a        1          At  l7-8<»  C. 

65 

0*880 

0-883 

0-898 

0-896 

60 

0*892 

0-895 

0-906 

0-907 

66 

0  904 

0-906 

0-917 

0*919 

60 

0*915 

0-917 

0-928 

0-930 

45 

0-926 

0-928 

0*938 

0-940 

40 

0-937 

0-939 

0-947 

0-949 

36 

0-947 

0-948 

0-955 

0-958 

30 

0-955 

0-958 

0-963 

0-964 

25 

0-963 

0-965 

0-969 

0-970 

20 

0-970 

0-971 

0-975 

0-976 

15 

0-977 

0-977 

0-981 

0*980 

10 

0-984 

0-983 

0*987 

0-986 

5 

0-992 

0-991 

0-998 

0-993 

0 

1-000 

1-000 

1-000 

1-000 

Tablb  IL  b, — 7%efollomng  TabUtM  given  by  Fownes  (Mannal  of  Cbemistiy,  3rd  Ed. 
p.  591),  the  Bpeeife  OraviUsi  being  taken  at  16-6^  C.  or  60  Fahr. 


Percentafle 
by  Wright. 

Spedac  OraTltf  • 

Percratag* 
by  weight. 

Spedfle  Oravltj. 

FerceDtiige 
by  weight. 

Spedfle  Gravity. 

0*5 

0*9991 

34 

0*9511 

68 

0*8769 

1 

0*9981 

35 

0*9490 

69 

0*8745 

2 

0*9965 

36 

0*9470 

70 

0*8721 

3 

0*9947 

37 

0-9452 

71 

0-8696 

4 

0*9930 

88 

0*9434 

72 

0*8672 

5 

0*9914 

39 

0*9416 

73 

0*8649 

6 

0-9898 

40 

0-9396 

74 

0-8625 

7 

0*9884 

41 

0*9376 

75 

0-8603 

8 

0-9869 

42 

0-9356 

76 

0-8581 

9 

0-9855 

43 

0-9335 

77 

0-8557 

10 

0-9841 

44 

0-9314 

78 

0-8533 

11 

0*9828 

45 

0-9292 

79 

0*8508 

12 

0-9815 

46 

0-9270 

80 

0-8483 

13 

0-9802 

47 

0-9249 

81 

0-8459 

14 

0-9789 

48 

0*9228 

82 

0-8434 

15 

0-9778 

49 

0-9206 

83 

0*8408 

16 

0*9766 

50 

0*9184 

84 

0*8382 

17 

0*9753 

51 

0-9160 

85 

0-8357 

18 

0-9741 

52 

0-9135 

86 

0-8331 

19 

0-9728 

58 

0*9113 

87 

0-8305 

20 

0*9716 

54 

0-9090 

88 

0*8279 

21 

0*9704 

55 

0-9069 

89 

0-8254 

22 

0*9691 

56 

0-9047 

90 

0-8228 

23 

0*9678 

57 

0-9025 

91 

0-8199  * 

24 

0*9665 

58 

0-9001 

92 

0-8172 

25 

0-9652 

59 

0-8979 

93 

0-8145 

26 

0-9638 

60 

0-8956 

94 

0-8118 

27 

0-9623 

61 

0*8932 

95 

0-8089 

28 

0-9609 

62 

0*8908 

96 

0-8061 

29 

0*9593 

63 

0*8886 

97 

0-8031 

30 

0-9578 

64 

0*8863 

98 

0-8001 

31 

0*9560 

65 

0*8840 

99 

0-7969 

32 

0-9544 

66 

0-8816 

100 

0-7938 

33 

0*9528 

67 

0-8793 

9  4 
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It  is  often  neceflsary  to  take  the  specific  gravity  of  spirit  at  a  tempen^ara  _ 
from  the  standard,  ii  that  case,  the  percentage  d  alcohol  may  be  detennined  liy 
of  the  two  following  tables,  given  by  Tralles. 


Tabijb  IIL  —  Speeifie  OravUjf  of  Spirit  of  different  ttrtngtkB  at  Tsmperatures /rom 
309  Fahr.  to  IWP  Fahr,  Oat  of  Water  at  89*88  Fakr.  being  -  10000. 


Quuitit/  of 
Alcohol  at 

60P  Fahr. 
in  percent- 

agetbjr. 

Volame. 


0 

ft 
10 
1ft 
SO 

ss 

ao 

85 

40 
46 

80 
6ft 
60 
65 
70 

76 
60 
86 

90 


Temperatnret  (Fahr.) 


80". 


MM 

9679 
9SS7 
9790 

9766 
9719 
9678 
9613 


S5». 


9488 
9386 

9SM 
9148 
9086 

8900 
8766 
8617 
8478 


10000 
99» 
9673 
9R-i6 
97H6 

9748 
9706 
96S6 

9867 
9681 

9484 


9833 
9198 
*j004 


40*. 


itooo 

9929 
9671 
9688 
9780 

9788 
9607 
9644 


9608 

9416 
9818 
9818 
9101 
6963 


46«». 


10000 
9938 
9869 
9619 
9774 

97St 
9636 
9689 
9663 
9484 


8878  8686 


8746 
8604 
H449 


8783 
8681 
8496 


9191 
9080 
8960 

8701 
8568 
8436 


BOP, 


9996 

9666 
9814 
9767 

9731 
9679 
9614 
9MA 
9466 

9876 
9976 
9169 
9056 

8U37 

8811 
8676 
6.^36 
8380 


69». 


9988 
9663 
9606 
9769 

9710 
9669 
9699 
9696 
9446 

9866 
9866 
9148 
9086 
8914 

878S 
>t664 
6511 
8366 


60». 


9991 
9919 
9657 
9M0& 
9761 

970O 
9646 
95«3 
9610 
9427 

9336 
9384 
9196 
9018 
8899 

8766 
8681 
8488 
8333 


66«». 


9906 

9914 
9861 
9796 
9749 


9n89 

H666 
9499 
9407 

9814 
9919 
9104 
8991 


8743 

AIM 

8308 


70». 

76«. 

1 
9960,9974 

9908  9001 

9644  !  !i8a7 

9787 

9777 

9789 

9721 

• 

9676 

9664 

9616.9608 

9660  9638 

9478  9464 

9387 

9367 

9998 

9979 

9191  9169 

90H3  9060 

8968  8946 

8846  6893 

8719  8696 

8584  8660 

8440  8416 

B3M 

89G0I 

80°. 


e6«». '  90» 


9967    9969  9961 

9894  !  9816  '  9877 

9898    9890  9810 

9766  I  97M  9747 

9710    9606  9686 

96&o'9687  9639 

9687    9671  9666 

9616    9497  9479 

9436,9416  9896 


9347 


9896 


9306 


9961  9999  9907 
9147  <  9196  I  9103 
9086  90i3>8«i!i0 
0991  8HP8  BN76 
8799,8776    8761 


8671  I  8646  8633 
8636  N61 1  ,  8487 
83<>9  8367  8343 
8336    8311    8|fi6 


96'*. 


9941 
96&( 
9600 
9736 
9673 

9607 
968N 
9461 
9376 
9>4 

9186 
9079 
«dC7 
8861 
8797 

8598 
8463 
8316 
8161 


100*. 


9931 
9867 
976m 

966S 

9^91 
9631 
«)443 
986r. 

9363 

9163 
9066 

89431 

8M?6 

8709 

8673! 
8437 
8993 
8136 


Tabui  If, —Volumes  of  Alcohol  of  Specific  Gravity  7939  at  60^  Fahr,  wMch  would  be 
contained  at  60^  Fahr.  tn  100  meastures  of  Spirit  exhibiting  at  the  several  Tempera- 
tures  (Fahr,)  stated  at  the  heads  of  the  columns  the  following  apparent  Specific  Gra- 
vities as  determined  with  a  Glass  vessel  or  instrument. 


Votunet 

or 

80°. 

86*. 

40*. 

46*. 

60*. 

85*. 

60*. 

65*. 

70*. 

78*. 

80*. 

86*. 

Alcohol 

0 

OtUCkA 

9997 

9997 

9998 

9997 

9994 

9991 

9967 

9981 

9976 

9970 

9968 

8 

9994 

9996 

9939 

91'96 

9936 

9939 

9919 

9916 

9909 

9903 

9697 

9889 

10 

9868 

98(» 

&«67 

9866 

9861 

9867 

96.S9 

9N46 

9839 

9831 

9823 

16 

9633 

9839 

9690 

9617 

9813 

9607 

9803 

97U6 

9788 

9779 

9ni 

9761 

90 

9786 

9789 

9777 

9772 

9766 

9769 

9781 

9743 

9788 

9798 

9713 

9701 

86 

9789 

9746 

9787 

9799 

9790 

9709 

9700 

9090 

9678 

9666 

9663 

9640 

SO 

9716 

97W 

9694 

9688 

9671 

9668 

9646 

96S8 

9619 

9606 

9690 

9674 

86 

9666 

9666 

9641 

9637 

8613 

9696 

(1683 

9867 

9661 

9636 

9618 

0600 

40 

9609 

9694 

9677 

9660 

9644 

9637 

9610 

9493 

9474 

9466 

9438 

9419 

46 

9636 

9618 

9600 

9489 

9464 

9448 

9437 

94«f6 

9388 

9869 

9360 

9329 

60 

9449 

9431 

941S 

9898 

9S74 

9884 

9336 

9818 

9994 

9374 

9963 

J989 

66 

9364 

9336 

9816 

9396 

9276 

9354 

9984 

9318 

9199 

9171 

9160 

9198 

60 

9345) 

9*^30 

9910 

9189 

9168 

9147 

9136 

9106 

9068 

9061 

9099 

9016 

66 

9140 

91 'JO 

9099 

9078 

9066 

9084 

9018 

8993 

8969 

8947 

8994 

8901 

70 

• 

9091 

9001 

8960 

8956 

8936 

8918 

8899 

8870 

8847 

8885 

8801 

8778 

76 

8896 

8876 

8864 

8883 

8«10 

8787 

8766 

8742 

8790 

8607 

8673 

8649 

80 

8764 

8743 

8731 

WJ9 

R676 

HTiM 

8631 

8609 

8566 

K669 

8638 

8614 

N6 

8633 

8601 

8679 

N666 

8^33 

8610 

84H8 

8466 

8441 

ftjiia 

8894 

8870 

90 

6469 

8446 

8493 

8401 

8379 

8365 

6332 

8809 

8985 

8969 

8988 

8914 

RsDucnoNa  roa  a  Brau  iNmoMBirr. 
To  be  deducted  from  the  Specific  Graviti«e.  ■     To  be  added  to  the  Specific  OraTltlea. 
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la  TaUellLtlMBpeoUle  gravity  of  the  gpirit  is  supposed  to  be  compared  with  that 
•r  water  at  the  myTimnm  dexisity,  and  to  be  corrected  for  the  exj^aiision  of  the  yessol 
or  instrument  with  which  the  determination  is  made.  These  densities  may  be  reduced 
to  those  compared  with  water  at  60°  F.  (aa  in  Table  IL),  by  multiplying  them  aU  by 

1*0009. 
To  find  by  means  of  this  table  the  strenffth  of  a  spirit,  when  either  the  specific 

EaTity  or  the  temperature  is  notgiren  ezac^  as  in  the  tables,  we  proceed  by  interpo- 
tion  as  in  the  calculations  connected  with  Table  IL  (p.  85.)  But  if  neither  tempe- 
rature nor  specific  graTity  is  eoMCtly  given  in  the  table,  the  calculation  is  made  as  m 
the  following  ezjunple.  Let  it  be  required  to  find  the  strength  of  a  spint  of  sp.  gr. 
0-9321  at  77**  F. 

SpcelAc  Gravity  ^^ 

Ftecent.ofAkolral.  atTB^F.  tUPF.  DiflbnoM. 

16  9367  9347  20 

60  9272  9261  21 

Difference    T  "96  96 

Hence  the  sp.  gr.  for  77^  F^  and  for : 

20 
46  p.  e.  alcohol  is  9367 -2  x  ^  «  9369 

0 

60  „  9272-2  X  ^   -  92636 

o 


Difference  »        96-4 

Calling  this  difibrenoe  96,  it  follows  that  to  each  1  per  cent  of  alcohol  there  eotre- 
«ponds  at  77°  F.  a  difference  of  19  in  the  specific  gravity,  and  consequentiy  the  TolumA 
per  cent,  of  alcohol  corresponding  to  the  specific  gravity  9321  ia 

^^      9869  -  9321       ^/t  .    88       ^7  «j  „  ^ 
46  +  jg 46  +   —  -  47  vol.  p.  c 

This  result  shows  that  the  spirit  in  question,  when  cooled  down  to  the  normal  tern- 
poTBture  of  60^  F.  contains  in  100  measures,  47  measures  of  absolute  alcohol ;  this  is 
not,  however,  the  actual  proportion  by  volume  at  77°,  because  alcohol  and  water  ex- 
pand aft  different  rates. 

Table  IV.  exhibits  in  the  same  manner  as  Table  IIL  the  strength  of  spirit  according 
to  its  specific  gravity,  but  on  the  supposition  that  the  specific  gravity  ia  determined 
with  a  glass  instrument,  and  is  not  corrected  for  the  expansion  of  the  ghue :  hence 
the  expression  "  apparent  specific  gravity." 

if  the  spedfie  gravity  of  a  sample  of  spirit  has  been  determined  at  one  temperature 
and  its  volume  measured  at  another,  tlie  amount  of  alcohol  in  it  may  be  calculated  as 
in  the  following  example :  360  quarts  of  spirit  are  measured  out  at  75°  F.,  and  the 
specific  gravity  determined  with  a  glass  instrument  at  66°  F.  is  0*8609.  By  Table  IV. 
the  strength  of  this  spirit  is  80  per  cent,  that  is  to  say,  100  Tolumes  of  it  measured  at 
60°  F.  contain  80  vol.  of  alcohol.  By  Table  III.  the  specific  gravities  of  spirit  of  80° 
per  cent,  for  the  temperatures  60°  and  7^°  are  8631  and  8660.  Conseauently  the  rolumes 
of  a  given  weight  of  the  spirit  at  60°  and  76°  are  as  8660 :  8631,  and  therefore  the  360 

quarts  of  spirit  would,  if  cooled  to  60°,  measure  360  x  —    •  —  347*12  quarts ;  and  this 

8631 

volume  of  liquid  at  the  strength  of  80  per  cent  contains  277*7  quarts  of  real  alcohoL 

To  ensure  perfect  accuracy,  the  expansion  of  the  yessel  in  which  the  spirit  is  measured 

ought  to  be  taken  into  account;  but  for  commercial  purposes,  to  which  calculations  of 

JxJB  kind  chiefiy  apply,  this  correction  is  too  small  to  be  of  any  importance.  ■ 

The  quantity  of  alcohol  of  60°  F.  in  100  volumes  of  spirit  of  the  same  temperature 

is  called  the  strength  {Starke  ;  force\  of  the  spirit ;  and  the  quantity  of  alcohol  of  60°  F. 

in  100  volumes  of  spirit  of  any  giren  temperature  is  called  the  real  amount  of  alcohol 

{ytahrer  Alkohotgehalt ;  Hcheue).  Thus  in  the  example  just  giren,  the  strength  of  tiie 

277*7 
spirit  is  80.  but  the  real  amount  of  alcohol  is  -i^  ^  160  -  79*3. 

^  360 

The  following  Tables,  V.  and  VL,  exhibit  the  strength  and  the  real  amount  of  alcohol 
of  a  sample  of  spirit,  according  to  the  indications  of  the  alcoholometor  and  the  ther- 
mometer. If,  for  example,  the  alcoholometer  marks  76  per  cent  in  a  spirit  whose 
temperature  is  60°  F.,  we  find  from  line  16,  column  6,  of  Table  V.  that  the  strength 
of  the  spirit  is  76*7,  and  from  the  corresponding  place  in  Table  VI  that  its  real  amount 
Df  alcohol  is  77*1  per  cent 


IX) 
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Tablb  V.  —  Skomng  the  Amount  of  Alcohol  which  a  gipm  90imfU  qf  SfirU  would 
contain  at  tOP  F.  according  to  the  indication  of  a  fflass  Aleoholometer,  imm^ned  in  it 
eU  any  other  temperature^ 


(loniofthe 
olometer. 

Strength  of  the  Spirit,  when  teited  by  the  Alcoholometer  at  the  followfaig  temperatorM. 

0» 

V 

4» 

6'» 

ffi 

10» 

12" 

14« 

!«• 

I8« 

90" 

22» 

24  B. 

Alcoli 

0 

S-6 

5 

7*5 

10 

12*5 

15 

17-5 

90 

22*5 

95 

27^ 

80  C. 

as 

86-5 

41 

45-5 

80 

54-5 

69 

68-5 

68 

72-8 

n 

81-8 

96  F. 

0 

0-8 

0*4 

0*4 

0*4 

0-4 

0-2 

0 

5 

5-4 

5-5 

ft>5 

5-5 

5-4 

5*2 

5^ 

4-7 

4*4 

4*1 

3-7 

8*2        2-5  i 

10 

US 

11>I 

il-0 

10*9 

10-7 

10-4 

10- 1 

9-7 

9-2 

8*8 

8*3 

7-8 

7-3 

15 

17-8 

17-4 

17-0 

16*5 

160 

15-6 

15-1 

14-6 

14*0 

18-4 

11-8 

12-2 

11-6 

90 

24-7 

SS-9 

S8  1 

2i-8 

21-7 

20-9 

20-2 

19-5 

18*8 

18*0 

17-2 

16*5 

15-7 

as 

81-9 

80*1 

98-9 

280 

271 

96-1 

25-2 

24M 

23*5 

22*5 

21*6 

90-7 

198 

30 

865 

85*4 

84*8 

833 

S3-S 

31-8 

ao-2 

29*2 

29-3 

273 

26-3 

253 

94*3 

35 

41^ 

40-4 

89-8 

88*3 

87-3 

86-2 

35*2 

34-2 

832 

32-2 

31*2 

802 

29*1 

40 

461 

45*1 

441 

48*1 

42-1 

41-2 

40-2 

89*2 

38*2 

37*2 

36-9 

3.V2 

34*2 

45 

80-8 

60K) 

49*0 

481 

471 

462 

45-2 

44-2 

43-2 

42-3 

41-3 

40-4 

89-4 

£0 

55^ 

54^ 

68-9 

53-0 

520 

51-1 

50-2 

49*3 

48-4 

47*4 

46-5 

45-5 

44*6 

55 

60-4 

59-5 

58-7 

57-8 

561» 

56-1 

5A-2 

54-4 

63-A 

526 

51*6 

56-7 

49-7 

60 

65-2 

64-4 

63-6 

69-7 

61-9 

61*1 

60-2 

fi9-4 

»»-5 

57-6 

56-7 

55-8 

54-9 

65 

70-0 

69-8 

68-5 

67-7 

66-9 

66*1 

65-2 

64*4 

635 

fi2-7 

61*8 

60-9 

59*9 

70 

74-8 

74*1 

73-4 

74-6 

71-8 

710 

:o-a 

68-4 

68-6 

C7-H 

66-9 

661 

65*9 

75 

79-7 

790 

789 

77-4 

76-7 

76^ 

75-2 

74-4 

78*7 

72-8 

72-0 

71-2 

70-3 

80 

84-4 

88-7 

83*0 

82'3 

81*6 

8(« 

80-a 

79-4 

78*7 

779 

77-9 

76-4 

76*6 

85 

89-1 

88-5 

87*8 

87-2 

86-5 

85-8 

85-1 

84*5 

83*7 

83*0 

82-3 

81-5 

60-8 

90 

93-7 

98'S 

99-6 

92*0 

91-4 

90-8 

90-1 

89-5 

88*8 

88*2 

87-5 

86*8 

861 

95 

96*8 

97-7 

971 

9e'7 

961 

95-6 

95- 1 

94-6 

94*0 

93-4 

92*8 

93-8 

91-6 

100 

^ 

"" 

^" 

^ 

~"       «— 

lOO-l 

99-6 

99-1 

98-5 

96-0 

97-5 

97-2 

Tabu  VL  —  Showing  the  Real  Amount  of  Alcohol  in  Spirit  at  different  Temperatures 

according  to  the  imdieatione  qfa  g^au  Alcoholometer. 


tlont  of  the 
olometer. 

Real  Amoant  of  Alcohol  at  tha  Ibllowlng  Temperatoret. 

0" 

2» 

4« 

6«» 

8» 

lOP 

12«» 

I4» 

16° 

180 

VP 

22» 

24*' R, 

II 

0 

25 

5 

7-5 

10 

12*5 

15 

17-5 

90 

22-5 

25 

278 

30    C. 

32 

36-5 

41 

4arS 

60 

54*5 

09 

63-5 

68 

72-5 

n 

HI '5 

86   F. 

0 

0-3 

0*4 

0-4 

0*4 

0*4 

0*2 

_ 

_ 

_ 

5 

5-4 

5-5 

5*5 

5*5 

6-4 

5-2 

5*0 

4-7 

4*4 

4-1 

3-7 

8*2 

2-5 

10 

11*1 

IM 

110 

10-9 

10-7 

10*4 

10-1 

9-7 

9*2 

8-7 

8-3 

7*8 

7-3 

15 

17*7 

17*4 

17-1 

16-4 

16  0 

15-5 

151 

14-5 

14-0 

18*4 

12-8 

19-2 

11*5 

20 

24-9 

240 

Vi'\ 

22-4 

21-7 

21-0 

20-2 

19-6 

18-8 

18*0 

172 

16*4 

16  6 

25 

31*3 

30-2 

29-2 

28-2 

27*2 

96*2 

25  2 

24-3 

28*4 

22*8 

218 

90-7 

19-8 

30 

37-0 

357 

34-6 

33-4 

32-4 

31*3 

302 

29*2 

28-2 

27-2 

96-2 

25-2 

24-2 

35 

420 

40-7 

89-6 

38-5 

87-4 

36-2 

35-2 

34-1 

33-1 

32*1 

31*0 

30-0 

28-9 

40 

46  6 

45-5 

44-5 

43  4 

42-3 

41-2 

40*2 

89*1 

88  0 

370 

860 

350 

33-9 

45 

51-5 

60*4 

494 

48*3 

47-3 

46*2 

48  2 

44-2 

43*1 

42*1 

411 

40*0 

89*0 

50 

66-3 

55'3 

54*3 

£3-3 

52-3 

51*2 

50-2 

49-2 

48-2 

47-1 

46*1 

450 

44*0 

55 

61  "2 

60*2 

69-2 

68*2 

57*2 

56*2 

55-2 

M-2 

53*2 

52-2 

51-2 

50-2 

49-2 

60 

66-2 

C5-2 

64-2 

632 

6i-2 

61-2 

60*2 

59-2 

n8-2 

57-2 

56-3 

55-3 

543 

65 

71*1 

70-1 

69*1 

68-1 

67-2 

66-2 

6^2 

64-2 

63-3 

62*3 

61*3 

00-8 

59-3 

70 

76*0 

75  0 

741 

73-1 

72-1 

711 

70-2 

69-3 

68-3 

67-3 

66-4 

65*4 

64*4 

75 

80-9 

79-9 

79*0 

78*1 

77-1 

76*1 

75-2 

74*3 

73-3 

72-3 

71*4 

70-4 

69*4 

80 

85-7 

84-9 

83^ 

83*0 

H2*0 

81*1 

80*2 

79*3 

78-3 

774 

76*4 

75-5 

74  5 

85 

90-5 

89*6 

84*8 

87-9 

87*0 

86-1 

85*2 

84-3 

83-4 

82-4 

8t-5 

80-6 

79*6 

90 

95  0 

94-1 

93*5 

9-i*7 

91*9 

91-0 

90-2 

89-3 

88-4 

87*5 

86-8 

85^ 

84-8 

95 

99*5 

986 

980 

97*4 

96-5 

95*8 

95-2 

94*3 

93*5 

92-7 

91*9 

91*1 

90-2 

100 

^ 

~~ 

^~ 

■"" 

■^~ 

100-8 

100*2 

99-6 

99-0 

98-3 

97*6 

969 

95*7 

The  scale  of  Tnillefl*  alcoholometer  is  constnicted  as  follows.  Suppose  the  cylindiieal 
(>r  prismatic  stem  of  the  instniment  to  be  divided  into  a  number  of  equal  parts,  of 
nrbitraiy  length ;  and  let  v  be  the  yolume  of  that  portion  of  the  neck  between  two 
consecutive  (uyisions ;  V  the  volume  of  liquid  of  sp.  gr.  1,  displaced  bjr  the  alcoholo- 
meter, and  P  the  weight  of  the  alcoholometer ;  then 

p-  r.i. 

If  now  the  division  to  which  the  instrument  sinks  in  this  liquid  be  marked  0,  the 
divisions  being  numbered  upwards  there&om,  and  if  the  instroment  be  immened  ic 
spirit  of  specific  gravity  e  to  the  mark  fi,  we  have 

P''(V+  nv)i, 
which  equations  give, 

r-(F+«t;)8,orn--  (?  -  V  "T*  T" 
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Hie  arbitmy  qiumtitj  v  is  fixed  by  TraUes  at  such  a  magnitude  that 

ft  -  10000  •  ^~J- 

Now  finr  60®  F.  the  spedfie  gravity  of  water  compared  with  that  of  water  at  iUi  maxi- 
mum  denai^^  (Table  L)  is  0*9991 :  hence  for  the  diviaion  in  which  the  inatrament 
%in]u  in  pore  water  at  60®,  we  find, 

1-0-9991 
n«  10000.    Q.ggg^    »9. 

4gain,  spirit  of  80  per  cent  has  at  60®  F.  the  spi  gr.  0*863 1 :  hence,  for  the  divisioa 
to  which  the  instrument  sinkB  therein,  we  hare 


ft  -10000 


1-0*8631 
0*8631 


-  1587, 


and  in  like  manner  the  yalues  of  the  other  divisions  of  the  scale  may  be  found :  they 
are  given  in  Table  VIL 

To  graduate  an  alcoholometer  by  means  of  this  table,  the  instrument  is  first  im- 
merged  in  pure  water  at  60®  F.,  and  the  point  of  the  stem  to  which  it  sinks  is  markod 
9.  It  is  next  immersed  in  spirit  of  known  strength,  and  the  point  marked  to  which 
it  sinks  when  the  liquid  is  at  60®  F.  Thus  if  spirit  of  90  per  cent  be  used,  the  num- 
ber of  the  division  will  be 


10000 


1-0*8840 
0*8340 


2002. 


The  interval  between  these  two  marks  is  then  to  be  divided  into  2002—9  —  1993 
equal  parts,  and  the  divisions  continued  upwards  as  fiur  as  2697,  wjiich  corresponds 
to  absolute  alcohol  The  percentages  in  the  first  column  of  Table  VIL  are  then 
marked  on  the  scale  by  the  side  of  the  numbers  of  the  divisions  in  the  second 
column. 

To  verify  the  scale  of  an  alcoholometer  already  divided,  the  specific  gravities  of  a 
number  of  samples  of  spirit  varying  in  strength  by  neariy  equal  intervals  between  0 
and  100  per  cent  may  be  determined  by  any  of  the  ordinary  methods ;  the  correspond- 
ing strength  found  from  Tables  L,  II.,  or  III. ;  the  temperatures  of  them  all  then 
reduced  to  60®  F. ;  and  the  alcoholometer  immersed  in  them  in  order  to  ascertain 
whether  its  indications  agree  with  the  strengths  so  determined.  The  intermediate 
points  may  be  tested  by  comparison  with  the  numbers  in  the  columns  of  Table  VII 
marked  "  DifTerenoes." 


TAin.v  VrL-^Aleokohmeter-teaUfor  Vdumetper  Cent  at6<iP  F. 

Amount 
of  Alcohol 

Volume. 

Length  of 

immersed 

pert  of 

Stem. 

Differ, 
eocei. 

Amount 
of  Alcohol 

Volume. 

Length  of 
Immened 
pert  of 
Stem. 

Differ, 
eocei. 

Amount 
of  Aleohol 

Volume. 

Length  of 

immersed 

p«t  of 

Stem. 

DIftr- 
enccs* 

0 

9 

22 

277 

11 

44 

688 

19 

1 

24 

16 

23 

288 

11 

46 

608 

20 

2 

39 

16 

24 

299 

11 

46 

628 

20 

3 

64 

16 

26 

310 

11 

47 

648 

20 

4 

68 

14 

26 

321 

11 

48 

669 

21 

6 

82 

14 

27 

332 

11 

49 

690 

21 

6 

96 

13 

28 

344 

12 

60 

712 

22 

7 

108 

13 

29 

366 

11 

61 

736 

23 

8 

121 

13 

30 

367 

12 

62 

768 

23 

9 

133 

12 

31 

380 

13 

63 

782 

24 

10 

146 

12 

32 

393 

13 

64 

806 

24 

11 

167 

12 

33 

407 

14 

66 

830 

24 

12 

169 

12 

34 

420 

13 

66 

864 

24 

13 

180 

11 

36 

434 

14 

67 

879 

26 

14 

191 

11 

36 

449 

16 

68 

906 

26 

16 

202 

11 

37 

466 

16 

69 

931 

26 

16 

213 

11 

38 

481 

16 

60 

967 

26 

17 

224 

11 

39 

498 

17 

61 

984 

27 

16 

236 

11 

40 

616 

17 

62 

1011 

27 

19 

246 

10 

41 

633 

18 

63 

1039 

28 

20 

266 

10 

42 

661 

18 

64 

1067 

28 

,    '' 

266 

10 

43 

669 

18 

66 

1096 

29 

^ 
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Tabu  VII—  {ctmHnutd). 


Amoont 

Length  of 

Amoont 

Length  of 

Amount 

Longtbof 

of  Aloobol 

Immened 

DiAi^ 

of  Alcohol 

immened 

Differ. 

of  Alcohol 

iaaerMd 

DUftr- 

^ 

pert  of 
Stem. 

ancee. 

by 

pert  of 

eocee. 

1)7 

pert  or 

enceia 

Volume. 

Volume. 

Stem. 

Volume. 

Stem. 

66 

1126 

29 

78 

1614 

86 

90 

2002 

47 

67 

1164 

29 

79 

1660 

36 

91 

2060 

48 

68 

1184 

80 

80 

1687 

87 

92 

2099 

49 

69 

1216 

81 

81 

1624 

87 

98 

2160 

61 

70 

1246 

81 

82 

1662 

38 

94 

2203 

63 

71 

1278 

82 

83 

1701 

89 

96 

2269 

66 

72 

1310 

82 

84 

1740 

89 

96 

2818 

69 

73 

1342 

82 

86 

1781 

41 

97 

2380 

62 

74 

1376 

83 

86 

1828 

42 

98 

2447 

67 

76 

1409 

84 

87 

1866 

43 

99 

2619 

72 

76 

1443 

34 

88 

1910 

44 

100 

2697 

78 

77 

1478 

86 

89 

1966 

46 

The  fbllowing  is  a  sunilmr  table  Ibr  percentages  by  weight. 

Tabu  YnL-^AlookolomeUr-MeU  for  Weights  per  Cent  at  60^  F, 


Amount 

Length  of 

Amount 

Length  of 

Amount 
of 

Length  of 

of 

Immersed 

Dlflbr- 

of 

Immened 

Difl^. 

Immereed 

Differ- 

Alcohol 

pert  of 

eneee. 

Alcohol 

pert  of 

euoee. 

Alci)hol 

part  of 
Stem. 

enoes. 

byWelght. 

Stem. 

byWefght. 

Stem. 

b/Weight. 

0 

1 

9 
28 

19 

36 

647 

20 

68 

1411 

81 

2 

46 

18 

36 

668 

21 

69 

1442 

31 

8 

64 

18 

37 

689 

21 

70 

1478 

81 

•     4 

82 

18 

38 

610 

21 

71 

1606 

82 

6 

98 

16 

89 

633 

22 

72 

1636 

81 

6 

114 

16 

40 

666 

22 

73 

1668 

82 

7 

130 

16 

41 

677 

22 

74 

1600 

82 

8 

146 

16 

42 

700 

28 

76 

1682 

82 

9 

169 

14 

43 

724 

24 

76 

1664 

82 

10 

178 

14 

44 

748 

24 

77 

1697 

33 

11 

187 

14 

46 

772 

24 

78 

1780 

83 

12 

201 

14 

46 

797 

26 

79 

1763 

33 

13 

214 

13 

47 

822 

26 

80 

1796 

33 

14 

227 

13 

48 

847 

26 

81 

1830 

34 

16 

240 

13 

49 

873 

26 

82 

1866 

36 

16 

262 

12 

60 

899 

26 

83 

1901 

86 

17 

264 

12 

61 

926 

26 

84 

1938 

87 

18 

277 

13 

62 

961 

26 

86 

1976 

37 

19 

291 

14 

63 

978 

27 

86 

2012 

87 

20 

304 

13 

64 

1006 

27 

87 

2060 

88 

21 

317 

13 

56 

1033 

28 

88 

2088 

38 

22 

830 

13 

66 

1061 

28 

89 

2126 

38 

23 

343 

13 

67 

1089 

28 

90 

2166 

39 

24 

367 

14 

68 

1117 

28 

91 

2204 

39 

26 

371 

14 

69 

1146 

28 

92 

2254 

40 

26 

386 

16 

60 

1173 

28 

93 

2286 

42 

27 

402 

16 

61 

1202 

29 

94 

2329 

43 

28 

419' 

17 

62 

1231 

29 

96 

2372 

43 

29 

436 

16 

63 

1261 

80 

96 

2416 

43 

30 

462 

17 

64 

1290 

29 

97 

2468 

43 

31 

469 

17 

66 

1320 

30 

98 

2603 

46 

32 

487 

18 

66 

1350 

30 

99 

2649 

46 

33 

607 

20 

67 

1380 

30 

100 

2697 

48 

«* 

f 

527 

20 

ALCOHOLOMETKT.  ! 

Vrtidbb  oiha  hjdrometen  or  anometon  uv  klso  used  for  f\iff,  t. 

bking  the  specific  gravi^  and  ascertaining  the  strength  of 
■pirita.    SUcm's  hTtuometer  ii  the  one  need  in  Wjiog  the 
epirit  dntj  in  tlu*  eoonti;.    This  instnunent  hai  a  fonr-         9 
tiAfd  stem  A,  divided  into  II  aqnat  parts,  and  flttine  into  a 
brnm  ball  a,  vhich  carries  at  the  bottom  a  amaU  conic^stem  c,  ^ 

tcmunutiiig  in  a  pear-shaped  loadod  bnlb.     It  ia  also  pro-  ;^ 

Tided  with  S  drcatar  vpights.  nomben'd  ID,  20,  3D,  10,  SO,  60.  9 

70.  80,  90,  ha-ring  slits  by  which  they  fit  into  the  stem.  The 
iiutrnmeDtia  ai^usted  so  as  to  float  with  theicroof  the  scale  | 
coinciding  with  the  surface  of  the  liquid  in  spirit  of  specific 
gravit;  0-82S  at  BO°F.  which  is  the  "  tlandard  alcohol"  of  the 
excise  (p.  83).  In  wealer  spirit  it  wCQ  not  sink  so  tow ;  and  if 
the  denaity  of  the  liquid  be  much  greater,  it  will  be  neccesaij 
tc  add  ana  or  more  of  the  weights,  to  oiDse  the  entire  iinmcr- 
noa  at  tbe  bulb.  The  siun  of  the  number*  of  the  weights  to- 
gathor  with  the  number  on  the  scale  which  ia  at  ue  level 
of  tbe  liquid,  girea,  by  means  of  a  table  prorided  fbr  the         i  k 

pnninaa,  the  amoont  of  p^^*!/  'P*'*'  '"  ^'  sanqJe,  proof        \  p 

?iint  being,  aeoor^ng  to  Act  of  Parliament,  sneh  as  at  £1° 
ahr.  weigni  }}  as  much  as  an  equal  bulk  of  water,  or  in  other 
word*  haa  a  qiedfla  grari^  of  0-92S07T  at  fil°,  or  O'SIS  at  ^ 

80°  F.  k|p        mM 

When  spirit  is  said  to  be  30  per  cent,  (for  example)  abovi         ^^         ^"^ 
ynof,   the  meaning  i^   that  100   measures  of  this  spirit, 
wh«ti  dSnted  with  watw,  woold  jield  130  meaauna  of  proof         ^^         ^^ 
spirit;  on  the  other  hand,  spirit  30  per  cent  hdovi  proof        flPb        aW 
eoDtaina  in  100  measures,  100  —  30  oi  70  measurea  of  proof         ^W        NJV 


whence  j;  -  100  (^  -  l) 


-100  -  0-G-GOIba. 


If  P  be  the  weight,  and  StbespedfiegraTitjof  theapiiit  wehsTe: 
P.  lOOA 

and  if  to  this  w«  add  v  Tolomes  of  water,  the  weight  of  which  wiH  also  be  w  (ita 
"    '   '      "'  '  'ain  a  Tolnme  Fof  spirit,  irtos* 

it  of  alcohol  in  Tolnmes  per  cent 
P  + W-1005+  w-  VBf, 
and  r  :  100  -  •  :  «", 

or,  F-100.;^ 

beeauM  the  dilated  spirit  «t£11  contains  the  «  Tolnmes  of  alcohol  irilieh  wwe  pnaent  in 
the  liquid  beftre  dilution.    From  these  two  eqaations  we  find 

—  '"(;»-«) 

Forexanpk^  to  ndnee  spirit  of  80  Tolnmn  p.  c  to  spirit  of  40  Tolumeap,c.  we  And, 

«<  -  100  ■  /|?  .  OMIB  -  0-8839]  "  108-e9 

■0  that  100  measures  of  the  given  spirit  requiie  103-9B  mcMnrea  of  wftt«r  at  00°F.  to 
reduM  them  bom  BO  to  40  per  cent. 
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The  Tolnme  of  diluted  spirit  produced  by  the  mixtnie  It 

V 


100^ 


80 


In  the  example  JBrt  given.  IOC-  -  200  voliuneB.  leea  themfiire  thia  the  sum  of 

the  Tolnmee  of  the  liquids  mixed. 

On  the  principlee  just  explained,  the  nnmbers  in  the  fbUowing  table  are  calculated. 
It  mnat  be  obeerred,  howerer,  that  the  specific  gravities  axe  given  aa  determined  by 
Oay-Lnssac,  and  correspond  to  15°  C.  on  vhich  account  the  result  of  the  calculation 
just  given  does  not  agree  exactly  with  the  number  in  the  table. 

The  original  volumes  per  cent,  of  the  spirit  are  placed  at  the  tope  of  the  columns, 
and  the  percentages  to  which  they  are  to  be  reduced  in  the  first  column  of  the  table. 
Thus  to  find  how  much  water  is  required  to  reduce  roirit  of  75  per  cent,  to  40  per  cent, 
look  in  the  column  headed  70  for  uie  number  on  a  level  witii  40  in  the  fizat  column  , 
we  thus  find  that  77*58  volumes  is  the  quanti^  of  water  required: 

Tablb  IX. — Showing  ike  quantity  of  Water  required  to  reduce  100  volunue  of  a 

stronger  Spirit  to  a  Spirit  of  lower  strength. 


85 

90 

85 

80 

75 

70 

65 

60 

55 

50 

6-56 

■ 

80 

13-79 

6-83 

75 

21*89 

14-48 

7*20 

70 

3105 

2314 

15-35 

7*64 

65 

41-53 

33-03 

24-66 

16-37 

815 

60 

53-65 

44-48 

35-44 

26*47 

17*58 

8*76 

55 

67-87 

57*90 

4807 

38-32 

28-63 

19-02 

9-47 

50 

84-71 

73*90 

6304 

52-43 

41-73 

31-25 

20-47 

10-35 

45 

105-34 

93-30 

81-38 

69-54 

67*78 

46-09 

84-46 

22-90 

11-41 

40 

130-80 

117-34 

104-01 

90-76 

77*58 

64-48 

51-43 

38-46 

25-5p 

35 

163-28 

14801 

132-88 

117*82 

102-84 

87-93 

73-08 

58-31 

43-59 

30 

206-22 

188-57 

171*05 

103-53 

136-04 

118-94 

101-71 

84-54 

67*45 

25 

266-12 

245-15 

224-80 

253-61 

182-83 

162-21 

141*65 

121-16 

100-73 

20 

355-80 

329-84 

304-01 

278-26 

252-58 

226-98 

201-43 

175-96 

150-55 

15 

505-27 

471*00 

436*85 

402-81 

368*83 

334-91 

801-07 

267-29 

233-64 

10 

804-54 

753*65 

702-89 

651-21 

601-60 

551-06 

500-59 

45019 

399-85 

A  similar  but  much  more  extended  table  for  this  puzpose  is  given  by  Gbiy-Lussac. 
(See  Haudworterbuch  d.  Chem.  L  504.) 

To  determine  what  quantity  of  a  weaker  spirit  must  be  added  to  a  stronger  one  to 
produce  a  spirit  of  given  mean  percentage,  we  proceed  as  follows. 

Let  V  be  the  volume  of  alcohol  in  100  measures  of  the  stronger  spirit^  8  its  specific 
gravity,  and  P  its  weights  Also  let  Fx  be  the  volume  of  the  weaker  spirit  added,  v^  its 
percentage  of  alcohol.  Si  its  specific  gravity,  and  P^  its  weight;  and  lastly,  let  V^  be 
the  volume  of  spirit  resulting  from  the  mixture,  v^  its  percentage  of  alcohol,  8^  its  spe^ 
cific  gravity,  and  P,  its  weight.    Then : 

P^IOOS  :  Pj-  Fififj  :  P^^PtPi 

or  100  S  +  V^Si  -  VA     •..(!). 
The  quantity  of  alcohol  contained  in  this  mixture  is, 


V  + 


100 


But  since  the  mixed  spirit  is  to  contain  V^  volumes  per  cent  of  aloohoJ,  this  quantily 
of  alcohol  is  also  represented  by 

ioo"* 

Hence  the  equation : 

r,*,  «  100  «  +  FiVi ...       (2). 

And  riiminating  F^  between  the  equations  (1)  and  (S),  we  hsve^ 

100  S  +  V^Si 


4 


v,  o  100  e  •»-  Tifri 
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vfaMMwedbUin: 


r- 


100  -  5  -  100  iS 


The  niimerator  of  this  fraction  is  the  qnantity  of  water  which  must  be  added  to  100 
Tolnmes  of  the  stronger  spirit  to  produce  a  spirit  of  the  required  strength.  The  de- 
nominator may  be  written  in  the  form. 


and  is  therefore  the  yolume  of  water  which  must  be  added  to  -^  Tolumes  of  spirit  eon- 

taining  tr,  per  cent,  of  alcohol  to  bring  it  to  the  percentage  v^. 

To  detennine  the  amount  of  alcohol  in  spirituous  liquors,  such  as  wine  or  beer,  con- 
taining foreign  matters,  as  Tolatile  oils,  sugar,  mucilage,  saline  substances,  &c.,  the 
liquid  may  be  distilled,  and  the  distillate,  which  will  be  firee  from  the  fixed  imparitiefi, 
may  be  treated  by  the  methods  already  described.  Volatile  oils  are  for  the  moet  part  of 
nearly  the  same  specific  grayity  as  alcohol,  and  the  small  quantities  of  them  existing 
in  yinous  liquors  do  not  make  any  essential  difference  in  the  specific  grayity. 

Other  physical  characters  haye  also  been  resorted  to  for  determining  the  strength  of 
spirituous  liquors,  yis.  the  boiling-point,  yapour-density,  rate  of  expansion,  &c 

The  boUing-poifU  of  hydrated  alcohol  has  been  proposed  by  Groning  as  a  means 
of  determining  its  strength.  For  this  pozpose,  he  has  constructed  we  following 
table. 


Percent. 

BolUng. 

Per  Cent. 

Boiling. 

Per  Cent. 

BnUixg- 

of  Aleobol. 

Potnt. 

of  Alcohol. 

Point. 

of  Alcohol 

Folnt. 

6 

.    96-3  C. 

40 

.    841  C. 

70 

80-9  C 

10 

.    02-9 

45 

.   83-4 

75 

80-3 

15 

.   910 

50 

.    831 

80 

79-7 

20 

.    891 

50 

.   82-2 

85 

79-4 

25 

.    87-5 

60 

.    81-9 

90 

79-0 

30 

.    86-2 

65 

.   81-5 

95 

78-4 

35 

.    850 

According  to  Dalton,  alcohol  of  43  per  cent,  boils  at  84°  C. 

J.  J.  Ponl  (Denkschriften  d.  math,  naturw.  Classe  d.  'V^en.  Akad.  IL  abstr. 
Wien,  Akad.  Ber.  1850 ;  Mars.  246 ;  Jahresber.  1850,  455)  has  also  determined  the 
boiling-point  of  hydrated  alcohol  of  yarious  strengths.  He  finds  that,  at  the  commence- 
ment of  the  ebullition,  the  thermometer  remains  constant  for  a  short  time,  then  slowly 
rises  a  little,  and  afterwards  remains  constant  for  a  somewhat  longer  time  (from  4  to 
16  seconds  when  14*6  grmSw  of  liquid  were  used).  The  temperatures  at  Uie  second 
stationaiy  interyal  are  giyen  in  the  following  table  (Bar.  at  760  mm.) 


Percentage 
of  Alcohol. 

Boiling. 

Percentage 
of  Alcohol. 

Boiling. 

Point. 

Point 

0       .         .         . 

.       lOO-OQO  C. 

7      .         .         .         . 

93-430  C 

1       .         .         , 

98-79 

8      .        .        . 

92-70 

2      .         .         . 

97-82 

9     .        .        .        . 

92-03 

3      .        .        , 

9685 

10      ...        , 

91-40 

4      .         .         . 

95-90 

11      ...        . 

90-83 

5      .        .        . 

9502 

12      ...        , 

90-27 

6      .        .        . 

94-21 

The  presence  of  sugar  in  the  liquid  up  to  15  p.  c.  appears  not  to  exert  any  percep- 
tible influence  on  the  boiling-point  (a  mixture  of  10  pts.  alcohol  with  15  sugar  and  75 
water  boiled  at  the  same  temperature  as  a  mixture  of  10  alcohol  and  90  water). 

Instruments,  called  EbulHoscopfs,  for  directly  ascertaining  the  strength  of  hydrated 
alcohol  by  its  boiling-point,  haye  been  constructed  by  BroiiMard-Vidal  and  by  Oonaty. 
(See  a  report  on  these  instruments  by  Despretz,  Pouillet,  and  Babinet,  Compt^rend, 
xxviL  374.  A  description  and  figure  of  a  Vidal-instrument  are  giyen  in  the  Pharm.  J. 
Trans,  yii.  166.)  Ure  (Pharm.  J.  Trans,  yii.  166 ;  Pharm.  Centr.  1847, 422)  by  means 
of  an  instrument  similar  to  Conaty's  (which  is  merely  an  ordinary  thermometer,  haying 
a  moyeable  scale  which  can  be  shifted  so  as  to  correspond  with  the  yariations  of  the 
barometer,  and  has  the  percentages  of  alcohol  marked  on  it)  haa  determined  the  boil- 
ing-points of  hydrated  alcohol  as  follows: 


ALCOHOL- RADICLES. 


o-szoo    . 

.    8i-*o  a 

0-9665 

0-0321     . 

.     831 

0-972B 

0-fl420     . 

.     828 

0-9786 

0-96IS      . 

.     83-3 

0-9SIH) 

0-9800     .        .        . 

.     841 

0-9920 

8Ilb«rmkau  hai  pnipoiied  to  deUnBlse  the  atrciigt}!  of  hydiated  Alcohol  lij  it*  rata 
of  expaiuian  bj  heat,  and  hu  conitrnctcd  an  inBtnunent  for  the  pnrpOBe  (Cooipt.  rand. 
iiriL  4181.  A  thermoineter  is  filled  np  to  a  certain  mai^  vith  Uie  spirit  at  2fi°  C.  and 
aftei  t}iia  liquid  has  been  exhausted  of  air  by  tlie  air-pump,  an  obaorratioD  in  mado 
of  tbe  amount  by  vhich  it  expaads  when  heated  to  SO°C.  The  amount  of  alcohol  is 
tliCD  found  b}r  means  of  a  sisle  Ersdn&ted  bj  direct  obserratioii  cpoo  a  Diinber  ot 
BHmplas  of  spirit  of  known  strength.  The  ini£cations  of  this  instroineiit  are  Dot  aen- 
sibl;  affected  b;  the  pr««ence  of  sugar  or  salts  in  the  liquid. 

Another  instnunent  for  the  lume  purpose  has  beea  constructed  and  deacribed  by 
Makin.    (Chora.  Soc  Qn.  J.  ii.  224.) 

For  further  details  on  alcoholomeby,  see  llie  saw  edition  of  XJrit  SieHttwry  of  Arli, 
ManufactuTtt  and  Mitut,  ToL  L  pp.  44-64. 

AIOOKOK-BASXO&MB.  The  radicles  vhieh,  when  they  replace  half  the  hy- 
drogen ia  a  molecule  of  water  form  alcohols,  are  capable  of  uniting,  though  not  directly, 
with  chlorine  bromine,  iodine,  cjam^en,  oijgen,  unlphur,  &c.,  with  tberadiclesof  aclils, 
and  with  metals :  in  short  they  exhibit  m  their  chemical  relations  the  charadiiF  of 
electro-positiTe  elements  or  metals.  Only  a  few  of  them  hare  yet  been  inolati'tl :  and 
of  these,  all  but  ana  (allyl)  belong  to  the  first  series  of  alcohols  mentioned  in  tFio 
preceding  article,  and  are  represented  bj  the  general  formnla  OH"**',  oc  CI^H***'. 
They  are  obtained ; 

"    "    ■■         -■        -      .-  -      -         ■        .         .,-  .    .  .  ^  jjjpj^ 


OHM)*  -  l>-'H»^>  +  CO"  +  H. 

•tic  add,  CH'O',  jialds  methyl,  CH* ;  Taierio  acid,  CH"0',  yields 

.,   -•— ot^yieiiamyl,  CH";  and  ananthylic  add 

I.  Some  of  these  rHdielea,  viz.  tri^l  or  propyl, 

AUHuu  among  the  products  of  the  dry  distillation  of 

liams,  Chem.  Gas.  18(7,  pp.  29  and  9S.) 

Methyl  atid  ethyl  ate  gaseous  at  ordinary  temperatuies ;  trityl,  tetryC  amyl,  and 
hciyl,  are  liquids,  the  flnt  boiling  at  68°  C.  the  second  at  t08<>.  tfie  third  at  lfi5°,  and 
and  the  fourth  at  202°.  They  do  not  unite  directly  with  any  of  the  elementary  bodies, 
and  it  has  not  yet  Iwen  found  posaible  to  reproduce  from  them,  by  direct  union, 
any  of  the  bodies  of  the  methyl,  eth^l  series.  &c.  At  the  moment  of  isolation,  how- 
ever, from  their  iodides  by  the  action  of  metais,  they  exhibit  a  strong  tendency  to 
unite  with  the  metal:  in  this  manner,  linc-ethyl.  C'R'^  and  BBC-methyl,  CH'Zn,  are 
formed  by  the  action  of  linc  on  the  iodides  of  those  radidea. 

The  constitntion  of  these  bodiea  has  gi^en  rise  to  eoDSLderable  discussion.  The 
formule  CH*,  CH',  &c,  originally  assigned  to  them  l)j  Frankluid  and  Kolbe,  repre- 
sent their  vapours  as  condensed  to  I  volume,  whereas  the  usual  mode  of  oondeiisation 
in  organic  compouuds  is  to  2  volnmes  (see  Atowo  Voeuiu).  For  this  reason,  and 
likewise  beCHUse  all  organic  compoanda  whose  formolw  ore  well  established,  are  found 
to  contain  even  numbers  of  hydn^n-atoma,  Oerhardt  (Compt.  diim.  1848,  19; 
1849,  11)  proposed  to  double  the  formuhe  of  these  radicles  in  the  firee  state,  making 
themCH'or  QQ,|,  CU"  or  ng!|  &e.  This  duplication  of  the  formnls  was  after- 
wards snpportedbyHofmaDO  (Chem.  Soc  J.  iii.  121)  od  thegrotnd  that  the  boil i Dg- 
pointa  of  the  consecutive  terms  of  the  series  of  these  bodies  differ  hy  about  47°C..  an  in- 
terval more  than  double  of  that  which  generally  corresponds  to  s  difTi-rence  of  CTI'  Lu 
bodiuof  the  methyl,  otJiyl,  trityl  series,  &c.  But  the  dedaive  iireumentin  fuTourof  the 
double  fbrranlie  is  afforded  by  the  eiperimenls  of  Wnrtj:,  who  has  shown  that  by  the 
action  of  mixtures  of  the  iodides  of  these  radicles  (iodide  of  ethyt  and  iodide  of  tetryl, 
for  example)  with  sodium,  or  by  the  electrolysis  of  a  mixture  of  the  potaaaium-aalta  of 
two  fitttf  adds,  e.g.  acetate  and  mnanthylata  of  potaminm,  compound  rudiclea  are  ob- 
tained, viz.  etbyl-tetryl,  Q,n, ! , methyl-heiyl ri,n ii I  ^->  Bnd  moreover  tliat  whui 
these  mixed  radicles  are  compared  with  the  simple  rudiclea  -with  double  f<>mil)lK.k 
regular  gnidatioD  of  physiail  propeitiea  is  observed  a^  the  number  of  atoms  in  Ihr 
mjiccule  increases.    This  will  be  sctn  from  the  following  table. 
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Etfayl-tetiyl 
Ethyl-amyl 
Methyl-her^l 
Tebyl     . 
Tetryl-amjl 
Amyl 

Tetiyl-heiyl 
Heiyl     . 


C»BP« 
OH" 


1C«H» 
C*H» 

0»H»» 
iCH» 

;c*H* 

OH" 

;o»H»> 

C*H>« 
iC«H» 
0"H" 


Specific 

Vapour- 

DcDSitj 

OraTl^  at 

OtMCTTCd. 

Calculated. 

0-7011 

3063 

2-972 

0-7069 

3-622 

3466 

? 

3-426 

3-466 

0-7067 

4-070 

3-939 

0-7247 

4-466 

4-423 

0-7413 

4-966 

4-907 

? 

4-917 

4-907 

0-7674 

6-983 

6-874 

BolllBf. 

Point. 


620  C. 

88^ 

82? 
106 
132 
168 
166 
202 


It  is  dear  that  if  the  minpler  fbrmnln  of  tetiyl,  amjl  and  heijl  inire  retained,  the 
aeoordanoe  between  the  giadktion  of  properties  and  increase  of  atomic  weight  which 
the  preceding  table  exhibits  would  be  completely  lost 

Viewed  in  this  light  the  formation  of  the  simple  radides  is  strictly  analogous  to 
that  of  the  mixed  iMides,  as  will  be  seen  from  the  following  equations : 

0*H»I  +  C*nn  +  Zn  -  ZnP  +  C«H».C<H» 
and  2C«H»I  +  Zn  »  Znl«  +  C«H».C«H* 


The  term  alcohol,  originally  limited  to  one  substAuee.  viz.  spirit  oi 

wine,  is  now  apnlied  to  a  considerable  number  of  organic  compounds,  many  of  which, 

in  their  external  characten,  exhibit  but  little  resemblance  to  common  alcohol    The 

alcohols  are  all  compounds  of  carbon,  h^droeen,  and  oxygen.    Ther  are  divided  into 

aereral  homologous  groups,  but  their  ranonal  Ibrmulse  may  all  be  aeriTed  from  one, 

H)       H')        H') 
two^  or  three  moleeoles  of  water,  ^[0,   h«[^**   H*t^*'  ^  suhstitution  of  an  or- 

sanie  radicle  containing  hydrogen  and  carbon  for  half  the  hydrooen  in  the  ^pe. 
Alcohols  are  acoOTding^y  monatomie^  diAtomie,  or  teiatomic,  e.^.  Ethyl-aleonol 

(monatomic)  -  ^*[o.  — Glycol  (diatomic)  -(^^^*^|o*,  —  Glycerin  (tri»- 

tomic).(<^^jO- 

A.  Moeatomto  AlooboU.   Of  these  there  are  serenl  seriet,  containing  ndidet 
whose  general  formulje  are  OH*«  ♦ ",  OH*  - »,  OH*»-\  OH*-'- 

1.    Alcohols  of  the  form   OH»-  +  «0  «  ^h"*'}  0.   These  alcohols,  of  which 

nine,  or  perhaps  ten,  are  at  present  known,  are  intimately  related  to  the  frtty  adds  (py 
60),  To  ereiy  alcohol  of  this  series  there  corresponds  an  add  of  the  series  OH*0*^ 
wluch  may  be  Ibimed  from  the  alcohol  by  oxidation,  O  being  substituted  for  H*.  The 
following  table  exhibits  the  names  and  formula  of  these  alcohols,  together  with  thoe^ 
of  those  of  the  ooneeponding  adds : 


Alcohols, 


OH**» 
H 


Hethylic  or  protylie  • 
Ethyuc  or  dentyuc  • 
Propylie  or  tritrlie   • 
Bu^lic  or  tetiyiie     • 
Amylic  or  pentylie    • 
Caproylic  or  hexylic  • 
^nanthylic  or  heptylie 
Caprylic  or  ocfylis    • 
Cetyue     •        •        • 
Cerylie       •        •        • 
Myricylic  •       •        • 
Vot.L 


1° 


CHK) 

OHH) 

OHH) 

OH*^ 

OH'K) 

OH»H) 

OH»«0 
C»«H^O 
C"H»H) 
O«H«0 


Formic 
Acetic 
Propionic 
Butync   • 
Valeric    . 
Caproic  . 
(Enanthylic 
Caprjrlic 
Paimitie 
Cerotic    . 
Mdissie  . 


Acids,  ^g^-*°|0 


CH«0 

C*HH)» 

OH»0« 

OHK)« 

OH'W 

OH»H)« 
Ci«H"0* 

orH»*o« 

0«H«O' 
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TbcM  alcoholi  ara  also  designated  as  Hydrata,  or  Hgdrattd  Oiidet,  ef  Slcthj/l, 
B^U/l,  &e.,  or  aa  Mtt\ytate,  Etto/latt,  Tntylalt,  fa.  o(  Hydnytn.  The  DiUDencal  tenna 
sr«W,  deuiyl,  trilyl,  Sec  vera  piopoaed  bj  OOTboidt  They  are  in  most  easea  pro- 
nrable  to  the  older  namea  :  bnt  the  tairoa,  methyl,  etlijl,  and  amjl,  an  too  mnell  eoi- 
Moatad  bj  osa  to  b«  diseirdad. 

Hrthjl-aleohol,  or  vood-«pirit,  wax  fint  recngnind  as  a  Compound  nmilar  in  natmp 
and  conititation  to  common  alcohol  by  Domas  and  Feligot  in  183fi.  In  tiie  fbllowiiu 
year,  the  lame  chemiata  allowed  that  ethal  (cetfl-alcohol),  a  anbatanea  fint  obtained 
from  apernuceti  by  CheTreol  in  1323,  ii  alio  of  aleoliolie  naton.  Fnael-oil  vaa  n- 
eoKniaed  aa  ao  alcohol  aomsirhat  latN  by  Cahonis  and  Balard.  CeTotrl-alcohol  and 
Budiaayl-aleohol  wen  diacorered  by  Bnxua  in  1848  ;  octrl-aleohol  by  Bnuis  in  ISlSI ; 
te^I-aleohol  by  Wniti  in  16B2 ;  tfityl-alcohol  by  Chancel  in  1BS2,  and  hezyl-alcohol 
lij  facet  in  the  tame  year. 

l{eikj/l-da>iol  ia  fbond  among  the  prodneta  of  the  distillation  of  wood.  Etij/t- 
tdeoiol  Mid  the  tmu  tdHowing  aleohola   aie   produced  by  fennentatioii  of  nigar, 

(OVO*),  porhapain  the  manner  lei^aented  by  Uie  fbUoring  ec-'-' 

CHiW  -  aOWO  +  2C0' 
■leo^ol. 

VyWHy  -  ItfEK)  +  CH^  +  icc  + 

Trlnl-  Blhri- 

akglw).         tieOboL 

oww  -om}K>  *■  3C0»+  mo 

Tmtri- 


aCH^O"  =  OWO  +  OWO  f  iCO"  +  3B?0 

Ainl-  Trttft- 

JC^HO*  -  4C*H"0  +  10CO»  +  aHK) 

SCfH'K)'  -  2C^"0  +  eCO*  +  4HK) 

Oetfl-^eokal  a  obtained  by  aaponi^ng  caitor-oil  with  potaah,  and  diatUIiiig  th* 
raanltin^  ridnoUte  of  potassium  with  eiceas  of  the  aJksli  at  a  high  tempentuie. 
The  liciDolic  acid  is  then  coBverted  into  octyl- alcohol,  aebate  of  p-* — '—      -  '  • 


C"HKf  +  2KH0  -  CH»0  +  CW^KX)'  ♦  ZH 

Rktoalk  OclTl.  Sttau  of 

•^a.  ikabol.  poUuluD. 

Bonia  (Cbmpt,  rend,  ixiii.  141),  Other  chemists,  howerar,  who  h«Ts  examined 
thda  reaction,  state  that  the  alcohol  prodnced  by  it  Is  not  octylic,  but  hoptylic.  Ac 
eotding  to  Stidaler  (J.  pr.  Ohem.  luii  241)  two  reactions  take  place  simnltMieoaelj, 
tha  one  giTinB  rise  to  ths  formation  of  heptylic  alcohol,  sebate  of  potassinm,  and 
l^dride  of  methyl  (manh  gaa),  the  other  to  the  formation  of  vuthgl-aiuuttM,  an  acnlone 
iiomaria  with  acrylic  ald^yde,  (TH'V,  and  (tee  hydrogen;  thns: 

CH'O'  +  2KH0  -  CH^  +  C'*B^*SSf  +  CH"  H 

Bieinollc  H«t,l.  Man  of  HjdtUe 

MU'  alHiluil.  poUiUuii.        srsKthjI. 

CBTO'  +  aKHO  -  CH'.CH^O  +  C'WKK)*  +  H* 

HldnlUi  Hethyt-  Srtnu  or 

AeeordinstoDaebsDeF,  on  theeontrair  (Ann.  Ch.  Pharm.  erl  270),  thepradaen 
of  ths  distalatian  are  metbyl-tenanthyl  and  octylio  alcohol,  the  fonoatian  of  this  al- 
cohol discing  fhnn  tliat  of  methyl-ananthyl  only  by  the  elimination  of  two  atoms  of 
hydrogen  instead  of  four.  It  does  not  appear  that  Stidelar  achiaUy  obierrsd  the  bto- 
Intion  of  maish  gas. 


0  _  C'H^  +  CUHnKO* 
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In  Um  mbm  Bianner,  caxyl-aloohol  is  formed  from  Chinaae-waz,  and  myricyl- 
alcohol  from  beea-waz. 

CMH»«H)«  +  KHO  -  C"H»«0  ^  C"H"KO« 
ChlMM-  Ceryl-  C«roCate  of 

WAK.  alooboL  poUftilimi. 

Some  of  theae  aloohola  haye  alao  been  foimed  from  the  correapondiiig  hydrocarbona 
OH^,  €,g,  common  aloohol  from  olefiant  gaa,  (?R\  and  trityl-aloohol  from  tritylene, 
CH*,  bj  diaaolving  theae  gaaeous  hydrocarbona  in  atrong  anlphnric  acid,  and  deoom- 
poaing  the  reanlting  ethyl^nlphnrie  or  trityl-aalphnric  add  by  distillation  with  water. 
Methyl-alcohol  haa  been  formed  from  maiah-eaa,  CH\  by  expoainff  that  compound  to 
the  action  of  chlorine  in  aonahine,  whereby  chloride  of  methyl  ia  obtained,  and  decom- 
posing thia  body  with  aqneona  potash  (Bert  he  lot,  Compt.  rend.  zIt.  916) : 

CHKn  +  KHO  -  CH<0  +  KCSL 

The  first  eight  alcohols  of  the  aeriea  are  liquid  at  ordinaiy  temperatnres.  Hethylic 
and  ethylic  uoohola  are  mobile  wateiy  liquids ;  the  others  are  more  or  leaa  oily,  the 
▼iacidity  increaaing  with  the  atomic  wiig^t  Oetfl-aloohol  ia  a  aolid  At:  eeiylic  and 
mvricTlic  alcohols  are  waxy. 

Oxidising  agenta  conyert  theae  aloohola  into  aldehydes,  OHM),  or  adds,  OH**0',  in 
each  case  with  elimination  of  one  atom  of  water : 

OH^^K)  +   O  -  0»H*K)  +  HK) 
and  OH«»*«0  +  O*  -  OH«K)«  +  WO 

These  chanses  take  place  on  exDoaing  the  alcohols  to  the  air,  especially  in  contact  with 
platinum-black,  and  more  quiddy  on  distilling  them  with  a  mixture  of  dilute  sul- 
phuric acid  and  chromate  of  potassium.  The  alcohols  are  also  conyerted  into  latty 
acids  by  heating  them  strongly  in  contact  with  soda-lime  (a  mixture  of  quick  lime 
with  caustic  soda) ;  e.^.  am^l-alcohol  thus  treated  yields  yalerate  of  sodium. 

The  alcohols  of  this  aenea  contain  one  atom  of  hydrogen  replaceable  by  metals  or 
compound  radidea.  Man^  of  them,  when  treated  with  potassium  or  sodium,  giye  off 
hydrogen,  and  form  aohd  compounds  eontaining  1  atom  of  the  alkali-metal,  e,g, 
ethylate  of  nodinm,  C*H*NaO.  In  this  respect  the  alcohols  partake  of  the  nature  of 
adda.  — The  compounds  thus  formed  are  easily  decomposed,  and  are  not  easily  ob- 
tained in  a  definite  form. 

On  treating  theae  potaanum-  or  sodium-alcohols  with  the  iodide  of  an  alcohol-radide. 
iodide  of  potaaaium  or  aodium  ia  predpitated,  and  an  ether  is  formed,  that  is  to  aay, 
a  compound  deriyed  fbom  an  alcohol  by  the  anbstitution  of  an  alcohol-radicle  for  the 
bade  atom  of  hydrogen :  thua  ethylate  of  aodium  with  iodide  of  ethyl  yields  ethylic 
ether  (C'H*)H),  and  with  iodide  of  amy],  ethyl-amyl  ether,  C*H».C»H".0  (p.  76]l 

The  aloohola  are  also  conyerted  into  ethers  by  the  action  of  strong  auphuiic  add 
chloride  of  dne,  fiuoride  of  boron,  and  other  powerful  dehydrating  agenta,  at  a  certain 
temperature.    The  ultimate  change  ia  represented  by  the  equation : 

<=H'!o)-HK)=gg:::io 

-  -  _i- 

Alcohol.  Ethor. 

For  the  intermediate  steps  of  the  prooeas  see  page  76.  This  particnlar  ebange  takaa 
place  only  between  certain  limits  of  temperature^  e.ff.fat  the  emerifiealion  of  oomnum 
alcohd  by  sulphuric  add,  the  limita  are  140^  and  160^  C.  At  higher  temperaturea,  a 
ftirther  dehyuation  takes  place,  and  a  hydrocarbon  0"H^  is  obtained : 

OH*»*«0  -  HH)  -  0-H* 

e.  a,  common  alcohol  heated  aboye  160**  with  strong  sulphuric  add,  yidds  olefiant  gas 

cm*. 

With  the  greater  number  of  adds,  alcohols  yidd  oompaumd  etken  ;  that  is  to  aay, 
salts  in  which  the  basic  hydrogen  of  the  add  is  more  or  less  replaced  bj  the  zadide  of 
the  alcohoL  With  monobade  adds,  only  neutral  ethers  are  formed:  thus  common 
alcohd  heated  with  strong  aeetie  add  yidda  acetate  of  ethyl,  with  elimination  of 
water: 

The  formation  of  theae  ethers  is  greatly  assisted  by  the  presence  of  strong  sulphuric 
or  hydrochloric  acid,  to  take  up  the  waters  They  are  commonly  prepared  dther  by 
distilling  the  alcohol  with  sulphuric  add,  and  a  salt  of  the  other  add  {e,g,  acetate  oi 
ethyi  by  dii<tilling  dcohol  with  .<nilphnric  add  and  acetate  of  sodium),  or  by  parsing 
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l^fdraelilDric  add  gu  into  an  alcoliolie  KilDliDn  of  the  ftcid.    Th*  hrma  uathed  b 
•p^eablfl  to  the  more  Tolitile  ethers,  Che  lUler  to  tlioae  of  hi^ier  boiling-poinL 

With  i)ib«iie  anil  tribaiic  acida,  the  alcohols  geumslljr  ToRn  aei4  itkm  or  ntenAato 
aeiit,  that  ia  to  aay,  eomponiida  id  which  onl;  &  Dartion  of  tha  banc  hj^dtOMn  of  tha 
add  ia  replaced  bj  the  aleohol-iadide.  Thus,  vaen  amjl-alcohol  ia  mizea  with  nil- 
the  nuxtm  kept  ol>al,<^lly^n>'i>AHrwaal^  *^H  "1*^  ""(^a^lBl^* 

F,   phoaphorie  add    and  anjl-aloohol   field  atqfl-pho^baric  add. 


^2    1 0  +  Ha  -  OH**'  CI  ♦  ffO 

A  ^milac  baiulbimation  it  (ducted  hj  tbe  diloridei^  hramid*^  and  iodidM  of  pho*- 
^lana:  *,g, 

"""to  +  pa'.cp  -  owa  +  hoi  +  poop 


I'tmlphide  of  phoaphoma  tranaftimu  the  alcohola  of  thii  wries  taio  BUtetftiam 
(■olphnr-alcohola) : 

B(>H**'0  +  I«S'  -  8OH**'S  +  l»0' 

S.  Aleohola  of  the  form  C*HM)  —  „  |o  MnrettiUs  hj  thiidation  into  adds 
oftheft>nDOH''-'0'. 

OdI;  one  term  of  thia  aerie*  i*  at  praaant  known,  via. :  — 

AttsUoleekol  or  ^draU ef  Myl.Q'BrO  -  ^ jO. 

Thia  alcohol  -wtu  diKorored  hy  Cahonn  and  Ho&oann  in  1B68.  It  ia  com* 
Tcitedbf  osidinng  agenta  into  aetjlio  aldehjde  or  acioletti,  C*H*0,  and  Mtjlie 
add,  (TH'O',  and  moreoTer  eihibila  all  the  banjdbnoatiana  of  die  bodie*  of  tbe  pra- 
oedins  aeriea  (aea  Aixn).  It  ia  probable  that  to  oreiy  add  of  the  araiea  C*H*-'0' 
jugeSc.  tetebie,  oleic  add,  fte),  there  oomapondi  an  alcohol  af  the  fbm  OH"0. 
Then  alcobob  are  isomeric  with  1}ie  aldehjdea  of  the  pneeding  acnea;  t.g.  alljl- 
alcohol  with  propionic  aldehyde. 

3.  Alcohola  of  tha  form  OH*-K)  -  ^^^jo.  Only  one  aloahol  of  thia  kind 
ia  known,  Tia. : 

CampM,<aBoT7tntn  Camphor,  GfE^K)  -"^'^'lo.  It  is  a  aolid  mbatance  which, 
when  diatilled  with  anh;dioua  phosphoric  add,  yields  tha  hTdrocaibon,  CH"  — 
CH^-HK).    It  fbmia  nentnl  ethaia  with  atearie  and hencoio  add^ 

4.  Alcohola  of  the  fonn  OH^-^  —  „  (  0,  and  ccRM^onding  t«  acida  of 
0M  form  OH*-»0'.    Three  tg  these  alcohola  are  known,  *ia. : 

Sauyt-almM,  or  BydraU  o/Bnu^  CBfO  -^^\  O 
Cimtl-olcoliiJ,  caBydmia  of  Cumyl,  C"H»0  -^"^'j  0 
Sreoottyl.atcoM,or  HyJnU  of  Sffix>ctryl.  C'«H"0-°^|o 
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BttB^l-aloolLol  WM  diiooT«red  W  Canniszaro  in  1863;  eomy^^ 
these  two  aloohblfl  ara  obtained  br  treating  the  oorreroonding  aldehydea  (bitter* 
ahnond  oil  and  cmninol)  with  an  aXoohoUc  solntion  of  potaan: 

2CnSP0  +  KHO  -  CHH)  +  (TH'KO* 

HrdrkI*  of  BensyU        Bensosto  of 

bamofl.  iikobol.        poUMluaoL 

Horeover,  the  aldehydes  themaelTes  may  be  formed  from  acids,  by  distilling  a  mix- 
ture of  the  ealdnm-salt  of  the  acid  with  formate  of  ealrinm,  thus : 

((7H*^«|q,  ^  (CO.H)«|q,  ^  2(C'H»0.H)   +   2(C0)Ca'0« 

Bmxoateof  FonuMof  HjrdrMaof  Carbonate  of 

ctlduB.  aaldtimi  baosojL  caklnaB. 

Henee  it  appears  that  these  alcohols  may  be  formed  from  the  corresponding  tMdM. 

Bensylie  and  cnmyUc  alcohols  are  liqmds  which  Tolatilise  without  decomposition. 
They  are  conrerted  into  aldehydes  and  acids  by  the  action  of  oxidising  asents ;  they 
form  compound  ethers  when  treated  with  a  mixture  of  sulphuric  add  and  other 
oxysen-aads  {e.ff.  acetate  of  benzyl,  C*H*0'.C'H',  is  formed  by  treating  benzyl- 
alconol  with  a  mixture  of  sulphuric  and  acetic  acids),  and  yield  the  chlorides  of  the 
corresponding  radicles  when  treated  with  hydrochloric  acid ;  thus  chloride  of  bensyl* 
CH'Cl  is  obtained  by  tzeating  benzyl-alcohol  with  strong  hydrochloric  acid. 

With  sulphuric  acid  or  chloride  of  sine,  they  yield  resinous  masses,  which  are 
probably  hTdzo-carbons  analogous  to  oleflant  gas :  anhydrous  boracio  aad  converts 
D^syl-alcohol  into  ben^l-ether  (C*H')'0.  They  do  not  appear  to  form  oomugated 
adds  like  ethyl-sulphunc  add.  By  caustic  potssh,  at  hi|^  temperatures,  tney  axe 
converted  into  the  corresponding  aads  and  hydrides  of  the  alcohol-radides ;  a.y. : 

JKCTff.H.O)  -  C»HH)«  +  2(CH'.H)  ^  H«0 

BflBsjUaleolMil.      Bantole  H?  diida  of 

add.  Mujl. 

Syooceiyl-alcohol  was  disoorered  bj  Warren  DelaBneand  Hugo  Hfiller,  in  1869 
(Pkoe.  Boy.  8oc.  z.  298).  It  exists  in  the  form  of  a  natural  acetic  raier  in  the  exuda- 
tion from  an  Australian  plant,  the  Fieus  rubiginout.  This  ether  is  readily  obtained 
in  beuitiftd  crrstala,  and  when  treated  with  sodium-alcohol,  yields  aeetie  add  and 
e^cocezylic  alcohol,  in  feathery  crystals  resembling  caffeine  or  asbestos.  Treated  with 
nitric  add,  it  yidds  an  add  which  appears  to  be  aycocerylic  add ;  and  witii  ehxomio 
acid,  it  yields  a  product  iHiich  is  probably  the  corresponding  aldeli^de, 

5.  Alcohols  isomeric  with  the  last,  but  differing  from  them  in  forming  conjugated 
acids  with  sulphuric  add,  phosphoric  acid,  &c,  ana  m  not  being  oonyerted  into  adds 
and  aldehydes  by  the  action  ox  oxidiging  agents.    Two  of  these  alcohols  aie  known* 


PhmyUakohol,  ia Hydrate o/Pkm^l,  Cm*0  -  ^|  O 
Crt^Uckohol^  ta  Hydrate  of  Cntj^OnSfO^  ^^1^- 


The  former  was  identified  as  an  alcohol  by  Lanienti  in  1841 ;  the  latter  was  diBOorered 
by  Williamson  and  Fairlie,  in  1864. 

Both  of  these  compoundis  occur  amoxi^  the  poducts  of  the  destmetiTe  distillation  of 
coal,  and  are  seiwrated  by  fractional  distillation.  Phenyl-alcohol  is  also  produced  by 
the  destructiTe  oistillation  of  salicylic  add : 

eHW  -  c^«o  +  CO*. 

Pbenyl-a?cohol  is  solid  and  crystalline  at  ordinary  temperatures,  melts  at  36^,  and 
distils  without  deoompodtion  at  about  186^.  Gresyl-alcohol  is  liquid  at  ordinary 
temperatures. 

These  alcohols  are  easily  decomposed  by  potasdum  and  sodium,  like  common  alco- 
hols, hydrogen  being  erolved,  and  compounds  formed  analogous  to  ethylate  of  potas- 
sium.   They  exhibit  more  dedded  add  characters  than  any  of  the  preceoing  alcohols : 
phenyl-alcohol  indeed  is  sometimes  called  pkenie  or  earboUc  add :  it  forms  a  series  of 
salts,  called  phenates  or  carbolates,  containing  1  at.  metal  in  place  of  the  banc  hydrogen. 
These  alcohols  are  not  conrerted  into  dmple  ethers  or  hydrocarbons  l^  hfiating  with 
sulphuric  add.    Strong  nitric  acid  conyerts  them  into  nitro-acids,  e.  g,  phc^yl-alcohojl 
into  trinitrocarbolic  or  picric  acid,  CH'(NO')'0. 

H  3 


WiUi  pMitadknida  of  phonibonu,  the^  yiald  t  eblMid*  and  k  phe^phrt>  at  O* 
radjela  togather  iritli  hydrochloric  acid :  e.g. 

4(CfH'.H.o)  +  pci'.cp  -  To\cm'f  +  owa  ♦  *Ha 

Bjdnttor 

inUi  the  eUoridca  of  Uia  add  ndielea,  Ihejr  fbim  compoimd  ethon,  thai : 

CfH*.H.O  +  <rH*O.Cl  .  (TB'O'.Cm*  +  Ha 

HrdrUa  at       CblmUa  of         BlutoUr  of 
phanrl.  bBM^L  |Ai*nTi- 

8.  Aleohidi  of  the  tarn  OE^*0  -  ^^*^|o.    Two  onlj  itf  tli«M  bodiv  urn 

Oinnamie  alaAel,  ByimU  ^  Oitamii^  or  %rau,  fJBl'O  -  '^{o 
CAofajfafHi C^-O  -  *'^H   O 

StjroDC  ii  obtained  by  hratins  Etyraciii  (ciimemeto  of  einDunyl),  with  eanitie  attaha ; 
eholeatarin  !■  found  m  the  hue  and  other  prodncta  of  the  animAl  econainy.  Styroua 
ia  toarerted  by  oiidisiiig  ag«nta  into  einnamie  aldehyde,  (7H*0,  and  cinnamic  add. 
CIPO',  and  ibnna  with  fnimiig  milphuric  add  a  coqjagated  add,  the  baritun-talt  of 
which  ia  lolable  in  water.  Cfaolealerin  heat«d  with  atnng  aolphnrie  add  givea  np 
water  and  forma  a  reainona  hydrocarbon,  C*^"  (Zwenger,  *""  Ch.  Fhann.  Ixr. 
6).  Heated  to  S00°,  with  acetic,  butyric,  beoioie,  and  atcaiio  uid^  it  fbima  com- 
pound ethera,  with  eliminatiOD  of  wuter,  thns : 

Hr    *  H(*^   -      C-H"i°*  ^^ 


T.  Salifftuni,  CH*0*,  an  alcohol  of  the  aalicyl-aeries,  and  Jititie  aicolal,  (7H<H}*, 
produced  \ij  the  action  of  alcoholic  potaah  on  hydride  of  aniayl,  t'H'C.H,  are 
pzobablrmonatomic ;  if  ao,  tbey  moil  contain  oxygpn-iadidea,  their  ratiosai  formula 
being  ^'^tOand'^^jO;  bat  Uiey  may  alao  be  diatomio  alcohol*,  *^,'t  0* 
and      m\  0*>    Their  reaetiona  m«  not  auffideotly  known  to  decide  tlie  qnution. 

B.  Slatomla  Aloahola,  or  OlyooU.  OH^*>0<  -  ^'^B'!^  { 0>.  Thcw>  com- 
pomida,  diacofered  by  Worta,  are  denTod  fiom  a  double  molecule  of  water,  giO*,  in  which 
half  tLe  hydrogen  ii  replaced  by  a  diatomic  radicle  OH^.  Four  of  these  have  bcrn 
obtained,  Tia.  El^Un^gait,  or  HydraU  ef  EtkyUnt,  CfRKfl  -  '^^^^  [  0",  pTvpg- 
Ime-glyeol,  CBH}*,  BufyltnMlyool,  C*ff*0<,  and  Amvlttie-gljKiol,  C>H"0>.  The 
■imde  name  glyool  ia  eapedally  applied  to  the  Snt  of  time,  jnat  aa  the  tenu  alco- 
hol i»  eapedally  applied  to  hydmte  of  ethyl,  the  moet  iuprataiit  of  the  moDatomic  al- 

Qlycol  i*  obtained  by  treating  iodide  (^  etliylene  with  acetate  of  ailrer,  whereby  di- 
aoet«t«  of  ethylene  ia  bnned : 


and  heaUng  the  diatilled  diacetate  of  ethylcoa  with  potaah,  w4iereby  it  ia  decom- 
poaed,  like  other  compound  ethen,  yielding  acet«t«  of  potaaaimn  and  hydrate  of 
ethylme: 

,<^,,J0.»„KK0,-<>i;J0.«(0™5J0. 

It  WW  diaoorered  by  Worts  in  ISSfl.  The  other  bodiei  of  the  Mriea  are  obtained  by 
eimilar  proeeaaee.  They  are  oily  liquida,  which  distil  without  decompoeition.  They 
contain  two  atoma  of  baiic  hydrogen,  one  or  both  of  which  may  be  replaced  by  metaia 

or  other  radicles.  

GIjtoI  treated  wilb  sodium  jHpIds  mBumodic  ^Iffco/.  CTI'(N*H)0',  and  Ihia  con*- 
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pcmnd,  Auad  with  exeam  of  sodium,  yiekbi  duodie  fffyeol,  CH^NaK)'.  Bv  traating 
monoaiddie  glycol  with  iodide  of  ethyl,  the  pioduct  with  potaasinm,  and  thu  prodnet 
again  with  iodide  of  «'thyl,  the  oomponnds  C*HXC*H'.H)0*,  C*H«(C>H>.K)0<,  and 
OB.Sp'B^yO^  are  eMi^eesnTely  obtained.  The  lavt  is  isomeric  with  acetal,  bat  not 
identical  with  it  (p.  8X  inaamoch  as  it  boils  at  a  temperatare  20^  below  that  compound. 
Dehydrating  agents^  such  as  sulphuric  acid  and  chloride  of  sine,  do  not  act  upon  the 


place  of  the  remaining  hydrosen.  If  glycol  were  acted  on  by^ese  reagents  in  the 
same  manner,  the  result  would  be  a  glycolie  ether  containing  (C'H^)K)*.  Instead  of 
this,  the  change  which  takes  place  is  a  simple  abstraction  of  water,  and  the  resulting 
compoand  is  CHK),  a  body  of  only  half  the  atomic  weight,  and  isomeric  wHh 
aldehyde : 

C»HK)»  -  HH)  -  CHK). 

Similar  retnlta  are  obtained  with  the  other  glycols.  The  ethers  of  the  diatomio 
alcohols  are  therefore  isomeric  with  the  aldehydes  (see  Ethebs,  and  Etvtxjqcb,  Oxma 
or) :  and  their  mode  of  formation  from  these  alcohols  differs  firom  the  etheriflcation 
of  the  monatomic  alcohols  in  the  same  manner  as  the  eonvenion  of  dibasic  acids  into 
anhydrides  differs  from  that  of  monobasic  acids, — the  latter  beinff  converted  into 
anhydrides  by  duplication  of  the  radicle :  e.g,  acetic  acid  «  CH'O.H.0 ;  acetic  anhy- 
dride ■■  (CH'O^,  whereas  dibasic  acids  pass  to  the  state  of  anhjdrides  by  simple 
abstmction  of  water,  e^,  SO«H*»H*0-  80>.    (Wurts,  Compt  rend,  zlrii.  34«.) 

By  treating  diatomic  alcohols,  first  with  hydrochloric  add  and  afterwards  with 
potash,  compounds  are  obtained  isomeric  with  the  aldehydes,  and  resembling  them  in 
some  of  their  properties,  but  differing  in  others ;  thus,  ethylene-dyeol,  heated  in  a 
sealed  tube  with  hydrochloric  add,  yi^is  monochiorhjfdrie  ff^ool,  O&CIO,  a  compound 
intermediate  between  ^col  and  cmoride  of  ethylene,  OHHS*,  and  formed  from  glycol 
by  the  substitution  of  CI  for  1  atom  of  perazide  of  hydrogen : 

C«H«.HH)«  +  HCl  -  C»H*.HO.a  +  HK); 

and  this  compound,  treated  with  potash,  yields  oxide  of  ethylene,  a  body  isomeric  with 
acetic  aldehyde: 

CTH\HO.Cl  +  KHO  -  0«H*0  +  HH)  +  Ka 

This  oxide  of  ethylene  resembles  aldehyde  in  being  miscible  with  water,  and  in  fbrm- 
ing  a  oystalline  compound  with  add  sidphite  of  sooium ;  but  differs  from  it  by  boiling 
at  a  lower  temperature,  and  by  not  forming  a  crystalline  compound  with  am- 
monia. Similar  lesalts  are  obtained  with  pvopylene-glyool  (Wnrta^  Compt  rend. 
xlTiiL  100.) 

The  glycols  corresponding  to  the  other  series  of  monatomie  aleohols^  have  not  yet 
been  obtained ;  but  several  matomie  compound  ethers  fonfjiining  bensvlene,  CKH',  have 
been  produced,  viz.  the  acetate,  valerate,  and  bensoate,  CPH*.(OiH*0)*.0',  &e. ;  the 
methyUte,  ethylate,  and  amylate,  (7H*.(CH>)*.0*,  &c;  the  sulphate,  SO.CH*  and 
the  succinate,  (7H*.C'H*0*.0l  The  diatomic  alcohol,  C*H*.HH)*,  eorrespondinfl  to 
thoee  compound  ethers,  has  notyet  been  obtained,  not  being  {iroduoed  when  the  ethers 
are  decomposed  by  alkalia.    (W.  Wicke,  Ann.  Gb.  Phazm.  di  863.) 

C.  TMmtttmlo  Alcabola,  or  aijo«rlBa«  The  general  formula  of  these  compounds 
^     H*      (^*  ^^  ndide  OH^-*  being  equivalent  to  three  atoms  of  hydrogen.    One 

term  of  the  series  has  long  been  known,  via.  ordinary  glycerin,  CHH)*  »      h*c^* 

the  sweet  oily  liquid  obtained  in  the  saponification  of  fets.  It  was  first  shomi  to  do  a 
triatomic  alcohol  by  Bert  helot,  in  1853.    (Gompt  rend,  xxxvii  808.) 

The  neutral  fats  of  the  animal  body,  stearin,  palmitin,  olein,  &c.,  coxisist  of  glycerin, 
in  which  three  atoms  of  hydrogen  are  replaced  by  add  radides;  and  by  heating 
glycerin  with  acids  in  different  proportionB,  a  large  number  of  compounds  may  b^ 
formed,  in  which  |k  l  or  the  whole  of  the  replaceable  hydrogen  is  thua  replaced, 
the  formation  of  taese  compounds  being|  accompanied  by  the  elimination  of  1,  2, 
or  3  atoms  of  mV>er.  Thus,  with  stearic  add,  C'*H*0*,  the  Allowing  compounds 
are  obtained: 

Monostearin         -  0«H«0*  -  C«HK)»  +    C»»H«H)«  -    HH)  »  h^^^I^^O". 
Distearin  -  C^'H)»  -  C«HH)«  +  2C"H-0«  -  2HH)  «  h.(C^O)«1^* 

!r,^S:S1tearin)i "  ^'"^  ^  ^-HH).  ^  8C-H-0'  -  3HH)  -  (^S^^jo*. 


PnoHij  nrnflar  ictioiii  taka  pUca  od  heating  gtjcuin  with  bTdroehlorie,  hjdra- 
mmic,  or  bjdnodie  add ;  but  to  refer  the  rorolting  compaimdi  to  the  nmfl  tTpe,  it 
■  bMttowntf  the  fbnanla  of  gljcaria  thiu:  IJ*J1*(H0)",  lepteaentiiig  it  ai  a  compoond 
{  gljeeiyl  with  3  at,  peroxide  irf  hydrogen :  tfam  thi  componnds  jiut  mentioDed  mn 
w  TopreHQted  ai  eljcoin  Id  which  1,  2,  or  3  at  peroxide  of  hjdrogen  are  nplacM 
ij  CI,  Br,  J,  &K.    Thtu: 

Uonochlorhjdrin  -  CffClO"  -  CHW  -»     HCI  -    HK)  -  CHSa(BOy 

Mchlorhydrin  -  0"HWO  -  CHND'  +  SHQ  -  SHHi  -  (?H*C]\HO) 

[VicblorbTdrin  —  CVCl'     -  O^H)'  +  3HC1  —  8HK> 

Jromhydrodichlorhydrin  -  C^H'Q'Br-  (?H'0'  +  iKCl  +  HBr    -  8HH). 

Tha  chlorhTdrins  and  brorohTdrini  are  likeviso  produced  by  treating  glycerin  with 
idler  of  the  biomidoa  or  chloridta  of  phoaphonu.     (See  Qi-TCEani.) 

Bj  beating  glycerin  with  the  ehlonde  itf  an  add  ladicle,  or  by  p"«'''g  hydraeUorie 
«id  gaa  into  a  lolntian  of  giTMrin  in  tlie  corrwioDding  acid,  eotnDonnilf  are  fonned 
riueh  TOMj  be  regarded  aa  ^ycerin,  in  which  the  pooiide  of  hydrogen  ii  replaced 
MUthr  by  chlorine  and  partly  by  the  peroxide  of  the  addndicle ;  thai  with  aeetie  teid 
;Ac  .  ^HK)] : 
Leetochlotbydrin     -  CH^:iO«  -  CBKf  +    C?H'0'  +  HCI  -  iWO  - 

OB'CKAcOKHOV 
Waertodilorhydrin  -  C^'CIO*  -  CHK)"  +  2C^*0"  +  HO  -  3HK>  - 

C^'CKAirf))' 
UetodicUoriiydriii  .  O'H'Cl'O'  -  CBSy  +    (?H*0*  +2HC1-  3HK)  . 

C'H'.CPAcO. 
[Fn*  farther  detaili,  ne  Acnnra,  p.  Ij.) 

AU  th«ae  eompotmda,  when  heated  with  eaiutio  alkali^  ot  with  metallic  oxidea  and 
rater,  reprodnee  the  acid  and  the  ^yeoin ;  tho*  aUarin  healed  with  cwMtie  potwh, 
jFJelda  glycerin  and  itearate  of  potaadnm  : 

O?",    i™.  sKwn  _  (^'tn.    ^     sF-ffK)), 


{0-H"0)'j"'*  •'"^"  -      ^1^    +     '(""k*!") 


y  3EH0  - 


Olyeeiin  iomj  bIbo  be  formed  lynthetically  in  a  rimilar  manner  to  g^jwl,  tu.  Iry 
lieatuu  tribromhydrin,  C*H*Br*,  with  acetate  of  ailTcr,  whenby  triacetin,  ^B'Ac'O*  i* 
kmnta,  and  heating  thia  oommnnd  mth  aolotios  of  caiutic  baryta.  The  other 
dyomna  hare  not  yet  been  obtained  in  the  &ee  itate,  bnt  the  aeetaU  of  aJal-plyeerin 
fS^BfyitKA  tt^ptait  to  be  obtained,  together  with  glycol,  by  Ibe  action  ta  iodide  ol 
>d>yl«M  OB  acetate  of  tUTer. 

D.  Atoofc*l»  BM  loel»a«d  Ib  mmj  at  tba  pr«ea<lBc  Kronpa.  ~  Berthelot 
!iaa  ehown  that  a  eonriderable  aamber  of  anbatance*,  not  nmally  daased  aa  alcoholi,  . 
lerertbeleaa  poaseaa  one  eaaentiiil  chtncter  of  thoae  bodice,  vie  that  they  uniti*  with 
■«ida,  pmdtieing  neatrBl  CdmpoIuld^  the  formation  of  whM  ii  attended  with  elinuna- 
lioa  <a  water ;  aod  theae  componnda,  when  heated  with  aUalia,  reproduce  the  Bob- 
rtancaa  ftom  which  they  have  been  tbmed  The  bodiea  in  question  are  chiefly  of 
I  aaeeharine  nature,  tu.  Miuuiitt,  C*B'*0'.H*0,  the  ingar  of  muina;  DuUin, 
D^'HXHK),  a  Mceharine  aubelance  (torn  an  unknown  plant,  bronght  from  Mada- 
naeai;  Fitiiu,  CH"0',  a  nigar  from  the  Pinta  tambertiana,  a  tree  growing  in 
California;  Qii«rei((^  C^"0*,  Ue  angv  of  aconw ;  ErgthroamimU,  ErythrvglMem,  Vr 
PIh/oU,  C'H"0',  a  ragar  obtained  &om  certain  lichena,  and  from  the  Protococcut  vuU 
jant.—Oreiii,  C'H'O*,  a  aweet  ayitalline  anbatance,  eiiatiDg  in  the  lichena  which 
rield  archil  and  litmoi ;  TWialotr,  C^'*0*,  alM  a  kind  of  angar ;  Gltuum,  C^"0*. 
uid  Mecotm,  C"Hi*0',  an  acrid  cryitalliaable  anbatanot^  obtained  from  opiom.  "nia 
following  ara  examples  of  the  componnda  formed  : 

eH"0*  +  ac^BH)*     -  aH»o  -  C^ff-O' 

HhioUu.        AMlc  Kid. 

VE"0>  +  4C"H^*  -  2W0  -  C^"0" 
CH"0*  +  6C»H'S)'  -  6WO  -  C'H-K)" 
CWO*  +  2C^«0»    -  2HK>  -  0»>Hi>0«    m 

Pbjclla  BeniQkadd. 

<?ff'0'  +  ecH*'    -  «HKi  -  c-^"  m 

nrtH*.  Bcuotc  Kid. 

C^-O*  ♦  aC-H-O"  -  SHM)  -  Cff^' 
OVrK)*  +  aCH-O'  -  aHK)  -  CH"©*. 
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-  3.  A  mistnrc  of  1  pL  SO  per  oent.  tloolwl  >nd  S  pbk  vaUr  i«  iMaratod  witli 
diloriiM  gu  (b«iBK  ka^  cool  all  tliB  iHiilsV  ud  tba  liquid  diitiUad,  ■■  woo  ■■  it  hu 
loflt  the oioaz  of^lonn^  till  ^  lui  puwa  orar.  That  which  diitila  ow  aftaiwarda 
u*l«oliol,  wtuchiiujbeeollaetoditiaaepuBteraeeiTeruidagaiii  treated  withtUoriiM 
as  aWrs.  The  fint  diitillate  is  aeain  freed  ftom  water  b;  repeated  diatillatioa  ta  br 
ai  to  admit  of  its  being  aituTated  with  ammnpia  as  aboTe,  andpelds  a  rtrj  Uigt 
•rap  of  crystals.     (Liebig.) 

i.  One  part  of  alcohol  of  ap.  p.  0'M2  and  t  pt.  of  bicbnmtate  of  potasaitno  are  in- 
troduced into  a  capadons  tabulated  retort  and  li  pt.  oil  of  TiDioI  admitted  bj  drop* 
through  the  tnbnliis.  The  heat  erolTed  bj  the  chemical  action  which  ensuee  is  snin- 
eient  to  begin  the  distillation,  but  towards  the  end,  beat  most  be  apfilied  from  witlumt 
A.  Istge  qnantitr  of  carbonic  acid  ^  is  erolved,  and  the  aldehjde  eandeii*«a  in  tbe 
well  cooled  rei^rer.  contaminated  with  onlj  a  imall  quactitT  of  acetic  add  and  other 
fatatancea,  so  that  the  distillate  may  be  immediately  nuxed  with  etlier,  tr^  -— — .:-— i 


^  M  paaHd  through  it  as  abore   (W.  and  B.  BodRera,  J.  pr.  Chem.  xl.  US).    The 
modes  of  fomialion  B,  6,  and  8,  abore  given,  may  abo  be  advanlageonaly  used  for  the 

preparation  of  aldehyde. 

To  obtain  the  pure  aahydrmu  aldehyde  from  the  atdehjde-anunonia  formed  by 
ulher  of  tJieee  proeeaaes,  a  solution  of  2  pte.  of  tbe  aldehyde-ammonia  in  3  pta.  water, 
ia  distilled  in  a  water-bath  at  a  gentle  but  incrcasinK  heat,  with  a  mixtnra  of  3  pta. 
tnlphnrie  acid  and  *  pta.  water,  the  diatillatioii  being  intemipted  as  eoen  as  the  water 
*a  the  bath  begins  to  boil,  aod  the  receircc  kept  as  cold  ai  possible,    The  bydraled 


exceeding  30°. 

Propatia. —  Aldehyde  is  a  thin,  traosparent,  colourless  liquid,  haTing  a  pnngcot 
mffbcating  odour.  Ita  specific  gravity  u  0-80003  U  0°  (Kopp);  0-80U1  at  V 
(Pierre).  It  boils  at  S'l-S"  when  tbe  barometsr  Maada  at  760  mm.  (Eopp);  at 
S3°,  with  the  barometer  at  7^8-3  nun  (Pierre).  Vaoon^lensi^  1-S33  (Liebig);  (bj 
flalcoUtion,  I-S20,  for  a  condensation  to  2  toL)  It  does  not  redden  litotu^  aran  woeo 
it  is  diseolTcd  in  water  or  alcoboL  

Aldehyde  may  be  ragarded  either  a»  the  la/dritU  ef  aaefyt,  (?HK).H,  ottatbuig- 
dratt  or  lu/draUd  oxtd*  of  vinyl,  n  [  ^'  ^'*  "^'"''^'■l  reactions  may  fbr  ths  meat 
part  bs  explained  equally  wdl  on  aitber  bypMbeais ;  but  according  to  tba  reoent 
obeerrations  and  calculatioas  of  Koni,  tbe  formula  CH*O.H,  ii  most  in  aecoidanee 
with  tiie  obaerv-ed  atomic  Tolame  of  aldehyde,  wbicb  ia  between  ESQ  and  S6'S,  tbe 
calculated  atomic  Toliune  being  SS'I,  M  deduced  from  tbe  flrat  formula,  and  SIS  aa 
deduced  from  the  second.  (3f«  ATomo  T[u.d)[i  :  also  Graham's  Cbemistn,  3nd  Ed. 
vol.  iL  p.  £81.) — Aldehyde  ia  isomeric,  but  not  identical,  with  tbe  oodde  ef  etbylce^ 
(?H'.0,  reeentiy  diacorerod  bj  Worla. 

Aldebyde  mixes  iu  all  proportions  with  vraler,  alooiol,  and  etitr.  A  miitsre  of 
t  pt  aldehyde  and  3  pta.  water  boila  at  37°.  Chloride  of  ealeitUD  added  to  Uie 
•qneona  aomtion  a^aratce  the  aldebvde,  which  then  riaes  to  tbe  snrEue. 

Aldehyde  dinolres  ndpkur  and  phup^omt,  also  iodint,  forming  a  brown  aolntioa. 

Dry  nlphmoua  acid  gas  passed  into  anhydrous  aldehyde  mrronnded  with  eold 
water,  ia  rapidly  abaorbed.  II  pta.  of  aldehyde  absorbing  S  pts.  of  tbe  gas,  with 
increase  of  volume.  The  absorption-coefficient  of  aldehyde  for  anlpbnrona  acid  gaa  ia 
1-1  times  as  great  as  for  alcohol,  and  7  timee  aa  great  aa  for  water.  (Qenthet  and 
Cartmell,  Ann.  Ch.  Fharm.  exi  17.) 

DeooMpDiili^iu. — 1.  Aldehyde  is  very  inflammable,  and  bums  with  a  bins  flame. — 
S.  When  kept  in  close  tmscU.  it  is  often  converted  into  a  lees  volatile  liquid,  or  into 
twoayst^line  bodies,  which  are  iBomeriomodiflcations  of  aldehyde  (p.  lOfl). — S,  Invc^ 
ael)  containing  air,  it  absorbs  oxygen,  and  is  converted  into  acetic  acid ;  the  action  ia 
greatly  aceel^ted  In  tbe  presence  of  platinum  black. — 4.  C/Uonne-axiUr  aod  nitric 
«fl<f  also  convert  aldehyde  into  acetic  acid. — G.  By  stro^  ■u/;ilun<i  ocii,  it  is  thickened 
and  blackened,  also  by  photphorie  anhydriiU. — S,  When  an  aqueous  or  alcobolie 
aolntion  of  aldehyde  is  heated  with  potaik,  it  become*  yellowish  and  turbid,  and  a 
red-brown  rainous  maaa,  the  rttin  of  aldchi/de,  separates  on  the  surface,  tbe  liquid  at 
tbe  same  time  emitting  a  ipirituons  and  disagreeably  pungent  odour.  The  solution  ia 
•ftenraids  found  to  coutun  formate  and  acetate  of  potasaiam.  This  ia  tbe  moat 
ehaiacteriatje  reaction  of  aldehyde. — 7.  When  vapour  of  aldehyde  is  jiaised  ever  red- 
hot  potiui-Unie,  acetate  of  potoaainm  is  formed  and  bydngen  evolved : 
C^HK)  ♦  KHO  .  CHTtO"  -f  2H. 


M  put  of  tlui  oxide  and  dunlvea  the  net,  forming  «Idehjdete  ud  ■i>it»te 
<rf  illTflr  mixed  with  wnpKiiiii,  fiom  Thich  tlie  oxideoT  tUT«r  ii  pndpit&ted  bj  buj^> 
wtet,  Htd  ndnced  when  tlw  liquid  i«  heated,  whUt  aoetata  of  li«Biim  nmiiw  in 
•oIdHod. 

Aldehyde-anunoiuA  beated  witli  hTdnmlphiiric  add  Tieldi  MaltUiu,  O'H^B' : 
3(<7H^.NH*)  +  3H«  -  CHiTW  +  (SK'yS  +  BHK). 
Kmilarly,  with  hydnMelemc  acid,  it  Tielda  itltMldine,  CH^St*.    With  bilD^Iud* 
af  ailbon  it  f<Kmf  oarbolltialditu  : 

2(0'HK).NH<)  +  CS"  -  (yWS^  +  »HO 


AldehjdO'ammoma  heat»d  with  bjixoejitiie  and  hTdioeUorie  addi  jiddii  atanhu: 
C^KJ-HH*  +  CHH  +  H«0  +  Ha  -  0"HHO'  +  HH*CL 


aCCB-O-MH^  +  3CNH  +  SHQ  -  (?H"N'  +  ZNH'Cl  + 
AldcbTde^mniouia  heated  in  a  sealed  tube  to  120°  C.  ii  decompoeed,  and  jieldi  ti 
I  of  liquid,  the  1  --.^--  -...-.--. --        -  ...         •:. 


lajen  of  liquid,  the  npptt'  eoaaMlBg  chieflj  of  iqneoni  ammonia,  vith  imall  qnanti- 
tiea  of  other  Tolatile  baaee,  while  the  lower,  whieh  remsini  behind  on  tiinrilfiiig  at 


Vj  betting  thia  compound  with  bai7U-wat«r,  the  gronp  {7H*0  ii  n^laMd  t^  HO. 
and  iydrate  of  MrtamyXium  ii  fbrmed. 

«rCHH3JT{C"m<]  +  BaH'O'  -  (CH'0)'Ba  +  2[B{(?H')«i01. 
(Babo,  J.  pr.  Chem.  Ixxii.  88  ;  Chero.  Qaa.  ISfiS,  13S.) 
CoDcentrBted  aqneotu  eolutioni  of  aldehyde-ammonia  and  nitrate  of  ailTer  Tuld, 


vben  mixed,    a    fine-grained  white    precipitalfl,    probablj    oonaiiting   of   n6*As. 
2{C'HK).NH').     It  dinBolTeB  TBTf  Bpannglj  in  alcohol,  oaaily  in  water. 

S<tif)»U  of  Jidtlmdt-aanumia,  or  SulpiiU  of  Vtnyl^ammeniiHii,  C<HV<B*)0 JO* - 


(CH'.NH*).SO'. — SalphoiDai  aod  gai  passed  into  a  aolutioa  of  aldehjde-anui 

absolute  alcohol  ii  tmpidl;  abaocbed :  and  if  the  liquid  be  kept  cod,  volphite  of  alde- 
hjde-anuDooia  is  deposited  in  small  white  prisma,  which  ma;  be  washed  with  aleohol 
and  dried  in  vacno.  This  oompound  is  isomerio  with  taorin.  CH'tfCS — ambstaoRO 
prodoced  by  the  metamoiphoaia  of  a  sulphur-and  contained  in  the  bile — bnt  poaaeasea 
Tery  diflereiit  propertifla.  It  is  soluble  in  water  and  in  aqueous  alcohol,  Tarr 
sparingly  in  abeolate  alcohoL  The  crystals  decompoae  ilowlj  in  the  air  at  ordinaiy 
temperatnres,  torn  brown  and  lose  weight  at  lOO'^,  and  an  completely  decofflpoaed  at 
bigber  tempentores,  leannn;  a  spongy  caibonaceoos  residiie.  Adds  deeoupose  tben^ 
liberatiDg  aldehyde  and  sulpharoiu  snhydcide.  When  strongly  healed  with  potMll- 
lime,  Ihry  give  off  ethylamine  (Oossmann,  Ann,  Ch.  Pbann.  la.  133),  ot  ntlie= 
pttfaaM  dWthylamlne : 

CffJimSO*  +  KHO  -  C^BTS  +  BO'-HK. 

COKFOOTD     OF    AjJ>ZHTIlB   WITK    AoTIQ    Al(BTTIBni>.     CH'*0<  ~  C*H*0'.CH*0. 

When  I  at  scalie  anhydride  and  1  at.  pore  aldehyde  are  heated  together  in  a  BMled 
tube  to  180°  C.  for  about  12  hours,  they  unite  and  form  a  liquid  compound  which  may  be 
freed  from  unaltered  aldehyde  end  acetic  anhydride  by  fractional  distiUatioQ,  fluther 
purified  bjWBshingthe  portion  which  passes  orer  abore  140°  with  hot  water,  and  dehy- 
drated over  chlorioe  of  calcium.  It  then  boils  st  168°.  It  has  an  alliaoons  odottr  and 
■light  add  reaction,  probably  arising  from  deeompositioD  daring  distillalioll.  Heated 
with  hydrate  of  potaaaium.  it  yields  acetate  of  potassium,  giTing^  the  pecnliarodourof 
aldehyde  when  similarly  treated.  This  reaction  distinguishes  the  oompODnd  from  Wottc's 
acetate  of  ethylene  (acetate  of  glycol),  CH'(C"H'0?.0"  with  which  it  is  isomeric:  for 
that  compound  heated  with  caustic  alkalis,  yields  hydnte  of  ethylene  ^yoot),  with- 
out any  odour  of  aldehyde.  (Geulher,  Ann.  Ch.  Pbarm.  cri.  24B.) 
Aldehyde  aj^an  to  form  similar  compounds  with  btnioic  and  laccinic  aiihi/driiii. 
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of  the  tlkalii  in  aleohol,  and  in  Metal,  when  kept  for  »  loog  time.  Aseordinr  to 
Weidenbnic^h  (Ann.  Ch.  Phsnn.  Ixri.  1£S)  it  is  » aabrtsDoa  of  ■  flery  onnge  ctdoar 
which  ia  reduced  bj  drying  at  100°,  to  a  powder,  hiTin^  ■  paler  tint.  It  dianltea  in 
alcohol  and  clher,  aparinglj  in  water,  xareely  at  all  in  iJlulia,  paitiallf  in  Mimf: 
aulphorie  acid,  froin  which  it  ia  precipitated  t^  watn.  Wheo  purified  h  oomidetel; 
aa  ponible,  it  contains  76'4  per  eenC  of  carbon,  and  8*0  per  cent,  of  hjdrogen :  ita 
formation  is  ae<»mpam?d  bj  that  of  acetic,  formic  and  ace^km  [f]  add ;  at  the 
same  time  a  pnnsent  odour  ia  erolred,  proceeding  froB  a  pecttliar  aobatance  wbich 
adherea  obatinatd;r  to  the  rcein.  Thia  mbatanoe  ii  alj  and  rolatile  when  flnt  pr»- 
dnced.  but  soon  tmckene,  even  when  alone  and  atOl  mora  ^mckly  under  the  infinence 
of  nitrie  add,  and  ia  conTerted  into  a  golden-yellow,  Tiaod  ream,  wfaieh  amaUi  like 
cinnamon,  duaolve*  in  alcohol  and  ether,  and  aparingly  in  water,  and  ii  difierent  bam 
the  true  aldehyde-reain. 

ASBMsniSS.  A.  daai  of  organic  componndi  intermediate  between  ateohola 
and  idda.  Tbey  are  derired  from  alcohols  by  ababaetioB  of  S  atoma  of  hydrnges, 
and  are  connited  uit«  widi  I7  addition  of  1  at«n  of  017^01 :  tins  in  tlv  fat^  add 

CH^+'O  -  H*  -  OH*0,  ud  OHM)  +  O  -  O-W-C 


Aldehydes  may  be  regard'd  aa  danTBtiTai :  1.  Of  amoleoileof  hydnwin  BH,hal( 
the  hydrogen  bmngre^aeed  by  an  ongen-radide;  t.g.  benaiie  ^deh^  or  letter- 
almond  oil,  C'H'O  -  (TH'O.H.— 2.  Of  a  moUenle  of  water,  half  the  hydrogm  hdag 
leplaeed  by  a  monatomic  hydrocarbon,  e.  g.  bensoic  aldehyde  —  n  1  ^'  '^''^  alde- 
hyde .'^(o.  — S.  Ofamol«caleofwat«r,  inwbich  ^  whela of  tlta  h;  ' 


■     HJ 

replaced  by  a  dialomic  hydrocarbon :  e.g,  acetic  aldehyde  —  (C*H*)'0.  ^Hiey  ar» 
iadeed  isomeric  with  the  ethers  or  anhydridee  of  the  diatomic  ftkohols  (p.  IDS),  but 
differ  from  these  ethers  in  ths  stmetora  of  the  diatomic  ndide  which  th^  tontaia ; 


OCH  ""^CH' 

The  following  ore  the  aldehyde*  at  present  kaown. 

1.  Aldehydes  of  tie  form  OHK)  -  "^^"'Jo  -  OH*-'0.H. 

Acetic   aldehyde  .  <7H*0   1  .  Ctrn^  aldehyd*  p] .  .  i 

Propionic     „  .  CHV  Eno£e          „            .  .  I 

Bntyric         „  ,  CB^)  Lamic           „  .  ( 

Valeric         „  .  (?EyK)  Palmitic        „            .  .  < 

(Bnunthylie  „  .            .  (rH"0  | 

2.  Aldehyde  of  the  form  OH*-»0  -  '^^^lo  -  C?H*-V.H, 
Acrylic  aldehyde,  or  Aooleiii,  CHK). 

3.  Aldehyde  of  the  fomOH»-*0-  '''^^lo  -  OH»»~VJ 
Campbalie  aldellyd^  or  Camphor,  CfB^. 

*.  Aldehydes  of  the  form  CH*-^  -  *''°^[o  -OW—OS. 
Benioic  aldehyde,  or  Bitter-almond  oil,  CHH). 
Cnminic  aldehyde,  or  Oil  ct  Cumin,  CBH), 

fi.  Aldehyde  of  the  form  OH*-"0  -  0"^*^  j  q,  „  O'H*-"0.H. 
Cinnamic  aldehyde,  or  Oil  of  Cinnamon,  0*0*0. 

6.  Aldehyda  i>f  the  form  CH*-*0»  -  OH*^'0(  q,  „  CH^-^Ci 
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CHV-SOTIaH  -  ^^[sO-   +  H-O  -  jr^c"^!  0»  +  H«0.    ThMe  componndi 

u«  for  tlie  moat  part  M>lBbU  in  w&ter  md  kkohol,  but  inaolabtein  Mtanted  solntioni 
of  the  alkaluiB  bmjphitea.  Hence  by  iluUting  k  liquid  eentuDiiig  u  aldelijde  willi 
I  of  rach  aMtniatcd  aolntion,  the  aldehTde  mKj  be  completely  upu&ted  in  tiit  ta~- 


■re,  genatallf  ipeakine  the  beat  adapted  for  tliis  pm^nae,  m  the  componnda  vhich  thej 
form  with  the  aldahydea  are  much  leaa  aolnble  in  the  aolntion  of  the  aolphite  than  the 
comaponding  tDunoninni-coniponDda,  and  therefore  ojatalliaa  more  teadilj.    Fnm 


dMlTdO  „      , 

panndiIikeaIdeh;de-amiDonia,(7H'O.MH',(p.l06),andT»lentl-ainmonia,(?H'^.lfH*. 
Thcae  eompoandi  treated  with  mlphorettfd  hjdnigaa  yield  mlphnr-baaea,  like  thial- 
dine,  C^ifSS*,  and  yaleraldine,  CH'NS",  thna: 

S((?S»OJ(H^  +  8H^  -  Ci*H«SS'  +  (NH')'3  +  3IP0. 
Heated  with  hjdmofania  and  hydrachlone  aeidi,  they  yield  baae*  (inilar  to  (ha  laat, 
bat  containing  oxygen  in  place  of  inlphor :  *,g.: 

CWPJSB^  +  CHH  +  OH  +  HK)  -  CffflTO*  +  KH'CL 


The  remaining  aldehydea  yield  with  ammonia  peculiar  amidaa  called  hydnmide^ 
the  fonitatioD  of  which  i*  attended  with  eliminatioD  of  Satoma  of  waUr.  t.ff. 
8<C'H'.0)  +  STH*  -  H^cm*)*  +  8HH) 


SCCH'O^  +  VB*  -  ^C^Hty  +  8HM) 


Aldehydee  alio  combine  with  anhydroni  adda  (anhydiidca),  fijiming  eomwoDdi 
which  an  ieomeric,  but  not  ideatieal  with  the  diadd  glycol-ethen.  Thna  aoetic  alde- 
hyde nnitea  with  anhydrone  acetic  odd,  fbrming  the  compound.  OH'O.CH'O',  iaomerie 
with  acetate  of  ethylene,  CH<.(C<HK))'.0*;— afao  with  auhydrona  benzoic  and  anoeinie 
aeida.  Valeral  tbrma  with  anhydroni  acetic,  and  benzoic  addi,  the  compoluida 
CHi^).C'H*0«  and  CH»O.C"H'0",  iHnnfnc  with  acetate  and  benaoate  of  amylentv 
CH".(CHKJ)*.0'  and  CH".(C'H'0)'.O'.  Theee  componnda  heated  with  canatic 
alkalia  yield  acetates,  bancoatea,  &c.,  of  the  alkaJi-metala,  and  repiodoce  the  origiiuil 
aldehyde*,  wbaieaa  the  aeetatea,  beoioatea  of  ethylene,  amylene.  JEC.  nnder  the  aaine 
yield  glroola,  orbydntea  of  ethylene  amylane,  Ac  (Genther,  A"", 
L  MS;  anthrieii.KolbB,ibid.eix.  S»6.) 

.  and  bariun-ialta  of  certain  monobaaie  orguie  adds,  bn^rie  and  Tilccie 
adda,  for  example,  yield  by  dry  diatillatioD,  together  with  acetonei  (p.  31^  componnds 
iaomerie  with  the  udehjdea,  Init  diatingiuBhed  fhnn  them  by  not  cbmbiniiurwith  am- 
monia: these  compouni^  are  called  bvijfml,  valeral.  See.  (Chancel,  J.  Phairm.  [3] 
Tii.  U3;  Limpricht,   Ann.  Ch.  Pharm.  le.  111.) 

Han;  of  the  aldehydm  are  nuKeptible  of  polymeric  trajiafonnationa.  Aoetie  alde- 
hyde eihibila  three  or  tbor  mch  modiflcationa  (p.  108)  ;  and  benzoic  aldehyde  ia  very 
apt  to  paas  into  the  aolid  aabetanca  benioin,  CHi*!]*. 

The  acetonee  or  ketones  are  aldehydee  in  which  the  baaic  atom  of  bydnigen  ia  re- 
placed by  an  alcohol-radicle,  thna : 

CH't  "  "      CH'J  "^  CH'i  °  -  C'H-    ( 
AXmsa.    The  generic  name  qiplied  by  L.  Omelin,  in  hia  Handbook,  to  the  aldn 
bydea,  the  latter  tenn  being  by  him  restricted  to  acetic  aldehyde.   In  Qmelin'a  systtm, 
the  term  indodee  several  organic  anhydrides  and  other  componnda  not  KenerallT  re^ 
garded  a>  aldehydea.    (Handb.  rii.  192.)  «  J 
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PnparMan  mterdii^  to  Watf  and  Btrteker.  —  Mwlilar  ii  tsliMfUd  with  boO^t 
water;  the  dacoetioii  ix  prod[nlated  hf  tuiphaiie  mM ;  kod  the  wulud  pnopitMc 
wiiil«  Tet  moif^  m  boiled  with  >  conoanlnted  sohitioD  of  nhimiiis  in  hjdmcblorieaeid, 
which'dJnolTaa  tlia  eoloorinp  nuttara,  and  Ihtm  b  dufc  br«wii  naidiM  Th*  lotatioii 
mixed  with  hydrochloric  acid  depoaita  red  flakna,  eonniiting  of  aliaHrin,  mora  or  leaa 
eoDtaminated  with  pnipurin  and  reaiDona  matt«n.  Thii  precipitate  ia  diaaalTvd  in 
ahMbol,  or  in  dilute  ihiiiiodUi  and  the  aohition  ii  treated  with  hydrate  of  aluminai 
which  oniCea  with  the  colouring  matten  ;  and  the  alomina-compoand  Ihna  formed  ia 
hailed  with  carbonate  of  aodt^  which  diaaolvea  the  purporin  and  learea  the  alinrie  im 
eombinatioD  with  the  alumina  Laitly,  this  oompound.  after  being  freed  frDm  reonona 
batten  by  digestion  in  ether,  ii  decompoiied  bj  hot  hydrochloric  acid  whir-h  diMoJrM 
the  alomina ;  and  the  alizarin  thoa  Kpttrated  ia  washed,  dried  bj  simple  expo«si«  to 
the  air,  and  purified  b;  r^wated  eryatalliBation  &om  alcohoL 

According  to  Schwartz  (Bull.  delaSoc.  indostr.  de  Mnlhowe,  IS£6,  Ko.  136),  the 
pureat  alizarin  is  obtained  b^  aubliming  os  paper  an  aimholic  eztnet  of  madder  having 
at  least  3d  time*  the  coloormf  power  of  the  root  itself  Anwrdiog  to  Plesav  and 
SehiitienbBrger(Compt  rend.  liiii.  187),  when  an  extract  of  madder  prepared  with 
wood-spirit,  ia  triturated  with  a  tenfold  quantity  of  water,  and  heated  to  2AU°  in  a 
dosed  Teasel,  the  wiiter  on  cooling  becomes  filled  with  cnrstuls  of  alizarin  ;  and  tbs 
fused  axtractiie  mass  remaining  at  the  bottom  of  the  TeBScl,  yields,  when  apin  treated 
in  the  same  manner,  aa  additional  (quantity  of  rery  pure  aJiEarin. 

Anderson,  by  treating  opianie  acid  (n>*H"0>  -  alLcarin  +  3H*0}  with  snlphaiio 
acid,  obtained  a  colourisj  matter  (probably  aliiarin),  which  yietdert  all  tha  madder 
colours  with  alumina  and  iron  mordants     (Edinb.  PhiL  Trans,  ixi.  1,  20*.) 

AILurin  in  the  anbydioue  state  forms  red  prisms,  inclining  more  or  less  to  yellow, 
according  to  the  sise  of  the  ciystala.  It  rombinea  with  2  at.  water,  forming  scaly 
laystals  Hke  mosaic  gold.  These  raystols  give  oS"  their  water  at  100  *^.,  becoming 
opaque  and  of  a  lUriier  colour.  At  216°  the  compotmdsublimes,  yieldingaciTitalliua 
aabluoate  of  the  same  composjtinn  as  alizarin  dried  at  100° ;  nriTnrthnlias  a  consider- 
able qoanti^  of  charcoal  is  always  left  behind. 

The  following  ore  the  nu»a  tirndtn  of  the  aoalysea  of  aliaarin  dried  between  100° 
and  120°  or  sublimed : 

CaltwIatHm.  KoMidM.     Schnnck.       Dlxu.       KacUain. 

10  C    .        .     130        68-aS  69-73         69'4         eS'M         6793 

6  H  .        .        6  3-46  3-7«  *0  378  377 

3  0    ,        .    JB        37-69  28-a<         36-6         27-28         3S30 

C^H-O"       174   100-00   10000    lOU-0   100-00    lOO-OO 

Sdumck  uticni  In  eiTrtdllHd  ■llMrln  il»  tbrmgla  Chh»0<  +  THH>.  Aecwrdinc  to  lbs  fensols 
C">H>0>,  illurin  Ii  EloHlTnUted  ta  Laitmi'i  cbkirnaiBbllislle  kM,  C>''H<''iO',    Tn*  luMr,  wbsa 

Alirariu  dissolves  bnt  sparingly  in  water,  eroo  at  the  boiling  heat;  but  according  to 
Ple8syandSchiitEeaberger(^.  cT<.)its>olubihty  is  much  increased  hy  heating  to 
higher  temperatures  in  close  Tessels,  100  pts.  of  water  dissolve  0034  pt.  of  aliiaria 
at  100»  C. ;  O'OSS  at  ISOf  ;  082  at  200= ;  1-70  at  325°  ;  and  3-18  pt*  at  2fi0°. 

Alcohol  and  ether  dissoWe  it,  forming  yellow  solutions.  It  is  not  decomposed  by 
hydrochloric  acid.  Strong  aulf^oric  acid  dissolres  It,  forming  a  brown  solubon  from 
which  ^e  aliurtn  is  precipilaled  by  water  in  orange-coloured  flakes.  Nitrio  acid  at 
the  boiling  heat  dissolTes  it,  with  erolntian  of  red  vapours,  forming  phtbalic  acid  and 
probably  also  oxalic  acid  (Wolff  and  Strecker):      ■- 

CHW  +  H^  r  40  -  OHW  ♦  l7H*-0' 


It  is  also  coDTerted  into  phthalie  add  by  boiling  with  ferric  eUoride  or  nitrat« 
(Sehunek).  Chlorine  mnTerla  it,  when  anspended  m  water,  into  a  yellow  anlatance 
which  disBolTes  in  alkalis  without  much  colour,  and  yields  aoolourlsM  sublimate  whm 
heated. 

Aliiarin  disaolres  in  nnatie  alkalis  and  in  alkaline  carbonates,  forming  deep  parjim 
•olutions,  from  which  it  is  precipitated  by  acids  in  orange-coLouied  flakes.  Theammo- 
niacil  solution  gives  off  all  its  ammonia  by  evaporation,  and  forma  with  the  chloridm 
of  barium  and  caldnm  psuple  precipitates  which  become  nearly  black  when  dry.  Tlw 
potash  solution  ia  completely  decolorised  by  lime-water,  a  precipitate  beinc  birsifd 
containing  2C"H'0'.3CmHO,  or  2C''H'0:3{CaO.HOl  With  baryta,  in  a  similar 
muinir,  two  compounds  are  formed,  vii.  2C"Ii'0'.3BiiHO  and  C"H*0'.2B»aO.  Ala- 
mins  dccolorisee  an  alcoholic  solution  of  aliiarin,  forming  a  beautiAil  retl  take.  Ad 
lunmoiiiacal  wlation  of  ilicarin  forms  with  salu  of  mngucsinm,  iron,  copper,  and  siltc^ 


nietae  natoKof  the  diiSmoee  betw««ii  CMalie  lud  mUdaDnlM  vh  Alieonnl 
hj  Sack  in  lisS.  Bhek*!  inTMtigmtion  of  this  aDtyeet  oecnpieB  bo  imporUnt  a  plan 
in  Oit  liiataij  of  genaial  ehmucal  thearj,  that  it  i«  worth  while  to  oonndor  a  litUe  in 
detail  hii  experimenta  and  th«  oonelurioM  he  derived  from  them. 


experimenta 

Hia  fint  obaerration  waa  that  quick  lime,  when  deadened  I7  exponue  b 
hearier,  not  lightM,  <a  waa  to  be  expected,  if  the  change  which  took  pL 
in  the  escape  ^fin-malta:  Ba  nude  a  nmilar  obeerrstion  in  the  eaae  of  magTi«ia 
(a  anhatance  which  he  had  prenonilj  found  to  be  distinct  from  lime),  fie  finuid  further 
that  magnesia,  in  the  itate  in  which  it  efferveacee  with  acids,  lost  cooaidenbly  in 
weight  when  calciiied,  and  that  it  then  no  looger  efierveeced  with  acids,  although  it 
itarmed  with  them  salta  exactly  ainiilar  to  those  of  oflerTfacinff  magneaia.  In  order  to 
£Dd  ont  what  was  the  sabetance  which  effeirescing  magaceia  lost  when  calcined,  be 
repeated  the  calcination  in  a  retort  connected  with  a  well  cooled  Teceirer.  In  this 
experiment,  he  obtained  nothing  bnt  a  small  quantity  of  water ;  it  oecurred  to  him, 
hawerer,  that  a  gas  might  have  eacsped,  and  that  this  gas  might  be  the  same  as  that 
which  ia  evolved  during  theeolntion  ot  vuifftutia  alba  (^erveeeing  magnesia)  in  toAK 
Following  ont  this  BUppoeitioti,  he  came  to  the  conclusion  that  the  efferrencing  mag- 
nesia which  is  predpiiated  bj  a  mild  alkali  from  aaolntion  of  i»laned  (not  efferveedng) 
magnesia  in  acid,  could  obtain  the  ins,  which  caused  it  to  efTerTeace  when  dissolved, 
from  no  source  except  the  alkali.  Hence  he  concluded  further  that  the  mild  alkalia 
contain  tbe  same  gas  as  is  expelled  &om  tnagnaia  aiba  hj  calcination ;  that,  wheo 
the;  combine  with  adds,  this  gas  is  separated  and  canaes  effervescence ;  and  that, 
when  a  magneeia  salt  is  precipitated  b;  a  mild  alkali,  the  gas  leavn  the  latter  and 
titiit«  with  the  magnesia,  in  cembinatioo  with  which  it  is  precipitated.  These  con- 
elnsione  were  verified  by  the  following  quantitdlive  experiment  A  weighed  quantity 
ol  tnagtutia  alia  was  calcined  ;  it  thendueolved  insntphuric  acid  without  eflhn-eacence. 
The  solation  waa  precipitated  by  mild  vegetable  alkali  (carbonate  of  potaaaiam),  ttia 
pMdpitale  waahed,  dried,  and  weighed :  its  weight  was  almost  exactly  the  same  a* 
that  of  the  original  maaataia  othtL,  and  it  behaved  in  eveiy  respect  like  that  substance. 
On  a  further  examination  of  the  gas,  which  is  expelled  by  acids  &nm  the  mild  alkalia 
and  lime,  and  from  magtutia  aiba.  Black  found  it  to  be  the  same  as  that  which  ia  formed 
during  fermentation,  and  gave  it  the  name  fixed  air. 

From  the  sum  of  his  observations.  Black  deduced  the  following  gencrsi  oaclumana. 
The  effervescing  earths  and  alkalia  contain  fixed  air,  which  can  lie  expelled  from  th« 
fbrroer  by  heat,  though  not  from  the  latter,  but  which  is  expelled  from  both  by  acide ; 
the  alkalis  and  earths  are  caustic  when  they  contain  no  fixed  air,  and  therefore  their 
canaticity  does  not  depend  on  the  preseoce  of  any  peculiar  constituent,  but  is  a  pro- 
perty possessed  by  them  in  a  state  of  purity ;  quick  lime  readers  the  alkalis  caustii*, 
not  by  imparting  to  them  any  principle  of  caustici^,  but  by  the  removal  from  them 
of  fixed  air ;  lastly  fixed  air  partially  neutralises  the  alkalia  by  combining  with  them, 
insomuch  ea  it  destroys  their  causticity. 

Two  of  the  most  important  effecta  which  the  adoption  of  Slack's  dtcory  bad  upon 
the  received  ideas  of  alkahnity  were  that  it  caused  chemists  to  perceive  (which  ther 
had  not  done  before),  a  necessary  oppoaitiDn  between  the  canatidt]'  of  an  sjkali  and 
ita  power  <tf  efferves^ng  with  acidB,  and  caused  the  t«rm  alkali  lo  be  tmufiMred  from 
the  carbonated  to  the  caustic  alkalis. 

Besides  the  substances  to  which  the  name  alkali  waa  fint  Rtves,  it  waa  aoon  per- 
«MTed  that  certain  kinds  of  earth  posseased,  in  some  degree,  alkaline  propertiet ;  that 
if  to  say,  the  power  of  effervescing  when  acted  on  by  acids,  and  of  neutxaJising  their 
add  properties.  Earths  which  possessed  theae  qualitiea  were  called  lert*  ai*orce«^«, 
or  ferns  nleaitna,  and  wen  long  supposed  to  owe  their  peculiaritiea  to  the  presence 
«f  alkali  as  one  of  their  constituents. 

It  ia  not  essy  to  make  any  precise  statement  ai  to  the  degree  of  nmilarity  Ar  of 
difference  which  was  supposed  to  exist  between  these  bodice  and  alkali  proper.  The 
difficulty  oriaee  partlv  iiom  the  tact,  that,  until  they  had  acquired  some  idea  of  the 
principles  of  chemical  analysis,  chemists  had  no  sure  means  of  ascerttuning  the  iden- 
tity or  individuali^  of  chemical  subetancea.  and  hence  oflen  called  different  bodies  by 
the  same  name,  or,  on  the  other  hand,  gave  different  names  to  the  same  substance 
when  obtained  by  different  proeenes  ;  partly  also,  from  the  word  alkali  having  been 
used  formerly  as  now  in  vunons  sensee  ;  by  Lemen,  for  instance,  to  include  aU  sub- 
stances which  eSraresce  with  acids ;  by  St*lil,  to  include  all  those  which  neutralise 
acids ;  by  many  othets.  however,  to  denote  none  but  the  subetancea  now  known  as  the 
alkaline  carbonatea.  This  uncertainty  in  the  use  of  the  word  is  not  sDrpri«ng,  when 
we  remember  that  our  present  more  Bitensive  knowledge  does  not  enable  ua  W  point 
oat  any  one  difTiTcnce  of  fundamental  importance  between  the  alkalis  and  the  alkaline 
earths.  The  different  solubility  in  wat«r  of  their  cnrbnnatea  probably  fumiahea  a  nurs 
•soct  distinction  than  anj  othor  single  property.    This  character  waa  pointed  cM  bj 
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liqnid  add,  bdiI  baniue  its  staiidanl  Bolation  may  be  kmt  loc  any  langth  ct  tine  witk 

out  change.  To  obtain  it  pure,  the  conuaerciitl  tad,  trhidi  ii  nuNiy  contamisatod 
with  the  oxnlatoa  of  potawiom  ood  calcium,  u  Batij  poondea.  and  troatsd  with  a 
qtumtitj  of  lukewarm  water  lufficient  to  diwolve  oolj  a  portion  of  it ;  tha  lalntioD  il 
flltaied  and  left  to  crjatulliie ;  and  the  nyatala  are  coileded  od  a  Altei  and  dried  io 
ihfl  ail,  till  ttU7  no  longer  adjiere  to  each  othei  or  to  the  p4)«r.  Th«  acid  ia  thu 
obtained  pun,  and  coDtaining  ezactl j  C 'H  H)*  +  SHH),  liie  atouie  Tai{^tof  vhieb 


The  (taodard  aolutioa  u  beat  made  of  mcb  a  etreDgtli  that  1000  rabie  et 
(1  litre),  Hhall  coDtain  exactly  ooe  ^-gnuame-atom'(i.a.  1  atom  ezprMwd  in  l-gniniDM) 
of  the  acid.  Thia  ia  effected  bj  dissolTing  in  watar  l)*  —  63  Bramnua  of  thaayit^, 
and  diluting  the  aalutian  to  the  bollc  of  1  litre.  1000  e.  c  of  uii  aolatioii  oontain  one 
J-gramme'atom  of  add :  hence  2  c  c  contain  1  milUgmnme-atan  of  acid,  and 
•atutate  2  miUigramme-atonu  of  a  cauatic  alkali  (KHO  or  NaHO),  1  milligramma  of 
an  anhydrous  alkali  (K<0  or  Ma-O),  or  of  an  alkaline  oatbonata  (CO^'  or  OOVa*.) 

To  eatimate  tlie  T^na  of  a  lamfda  of  eommenial  potaah  or  soda,  8  or  4  grammta  of 
it  are  flrat  ignited  in  a  platinnm  crucible  in  order  to  determine  the  amount  of  water 
eontuned  in  it  The  rnidae  ii  then  diaaolred  in  water;  alewdrapaof litmiaan 
added;  andtheat*ndardaddiagr»dnallj  added fiom a bnratta  till  the  fitil appealanee 
of  a  puipU'red  or  wine-ied  colour.  Thia  takee  place  when  a  little  more  tlun  balf  the 
alkaline  c*riMuit«  ill  deeompoaed  bj  the  oxalie  acid:  fcr  the  flrat  portionatrfeaitMnie 
acid  diaengaged  hj  the  osalie  aculf  nnite  with  the  rwn^ining  portion  itf  alkaline  ear* 
bonate  to  form  add  carbonate,  and  it  ia  odIt  when  half  tlie  alkali  has  been  neotraliMd 
IB  thia  waj  that  the  carbonic  add  ia  actually  eat  free  and  reddena  the  Utmna.  After 
thia  stage  has  been  attained,  the  oxalic  add  nuut  be  Ttaj  cantionalj  added  till  tha 
pniple-red  produced  bj  the  carbonin  add,  joat  paaaee  into  a  laight  yelknriah-red,  in- 
dicating the  presence  of  free  oxalic  add,  and  showing  that  the  whole  of  the  alkali  is 
nentralued  bj  that  add.  Each  e.  o.  of  add  thus  employed  oorreaponda  to  1  milli- 
gramme  of  caostic  alkali,  or  to  one  |>milligramma  of  alkaline  carbonate,  Lt.  Io  O-OIO 
pm.  eanatic  coda  (NaHO),  0006 grm.  eanstie  pota^  (KHO),  0-069 grm.  caAeuta 
if  potBBsiiun(C(HK*),ai]d0-0S3gni.of  earbooate  of  MCinm.  TlieMnoantof  eaoatie 
alkali  or  »lt«lin«  carbonate  ia  then  fimod  bj  a  simple  propoftdoD ;  time : 

100  :  6'$  :  :  nmnber  of  e.  &  employed  :  amount  of  carbonate  of  sodinm. 
Bj  operating  on  100  times  the  {-ailligrainme-atom  («.  g.  S-S  grma.  of  carbonate  at 
potaasinm,  or  fi'3  grms.  of  carbonate  of  aodium),  all  calculation  ia  eared :  fbr  aa  this 
•mount,  if  perfectF^  pore,  voold  Nqoiie  100  c  c  of  add  for  its  saturation,  thenanba 
of  c  c  aetiMlIj  required  indicates  at  once  the  pereentige  of  alkalina  carbonate.  'Rw 
burettes  commonly  nsed  contain  SO  c.  c,  and  are  gradiiated  into  balf  c  c  ;  so  thai  bj 
operating  on  SO  times  the  ^■niiHg^"""'  ft"*",  the  nomber  of  dinaiona  en^iloyed  io- 
duate*  Uie  peroentage. 


In  operating  Jtpoa  alkaline  carbonates  in  the  manner  just  desoribad,  it  is  diffienlt  N 
■otice  tha  euct  moment  when  the  wine-red  «alonr  ^  tiie  litmua  doe  to  tho  pnooie* 
ot  free  carbonic  add,  changes  Io  the  light  ladindtioedbT  oxalic  or  other  slrMg  acid. 
For  this  resson  Mohr  rscommenda  the  following,  eallea  the  retidluU  mMod,  Tha 
standard  add  is  added  till  the  colour  of  the  Utmna  is  distinctly  bright  red ;  tha  aola- 
tion  ii  then  heated  to  boiling,  and  a  alight  exoesa  ^fi  to  tO  a  e.)  of  acid  ia  added. 
The  hot  solution  is  freed  from  carbonic  aod  by  agitation  and  by  drawing  air  throa^ 
it  by  means  of  a  glass  tuba,  and  then  nentraGsed  with  a  standard  solation  of  eanstie 
aod»  (AxALTna,  TuLCKanra),  till  the  cobur  jnst  changes  from  red  to  blna.  SimM 
the  acid  snd  alkaline  solutioas  nentrslise  each  other,  Tolome  fbr  Tolamat  it  ia  onfy 
neceasaiy  to  deduct  the  number  of  cubic  cenUmetns  employed  of  the  lattor  front 
that  of  the  fbmer,  snd  calculate  the  amount  of  alkali  from  the  reddua.  In  esti- 
mating the  strength  of  caustic  alkaline  solutions,  this  residual  metliod  is  of  oonraa 


To  determine  the  proportion  of  caustic  olk&li  iwd  alkaline  carboaate  in  a  miitur*  of 
the  two,  two  equal  portions  of  the  solution  must  be  taken  ;  one  of  them  treated  witll 
chlorida  of  bmnin,  whereby  th*  alkaline  carbonate  is  oonyerted  into  chloride,  and  car> 
bonate  of  barium  is  predpit«ted.  The  liqnid  ia  filtered  and  the  qu&nti^  of  eanatio 
alkali  determined  in  the  filtrate  aa  abore.  The  second  portion  of  the  solatioa  i* 
neutralised  with  the  standard  add,  without  pre  tions  treatment  with  chloride  of  barinm, 
ud  the  total  amount  of  alkali,  f?i<t'"g  botli  in  the  caustic  state  and  m  earbonat*,  ia 
thenby  determined.  The  first  result  deducted  bom  the  second,  grrea  tha  qoantitj  at 
alkali  '^■tiTig  aa  carbonate. 

If  it  be  prrferred  to  make  these  estimations  with  the  ardinaiT  English  wei^ta  and 
naaanrea,  the  standard  solution  of  oxalic  add  may  be  made  by  dissolnng  83  grains 
(f-grain-atom)  of  tlie  crystallised  add  in  water  and  diluting  the  solution  to  lOM 
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grain-meMnres  ai  6(F  F.  This  qaantity  of  the  solution  will  then  neutrulise  1  grain- 
Atom  of  a  caustic  alkali  (40  grains  of  soda  NaHO,  or  66  grains  of  potanh  EHO),  and 
|-grain-atom  of  alkaline  carbonate  (69  grains  of  CO*E',  or  63  grains  of  CO'Na'),  and  by 
operating  on  ^  of  these  quantities  of  the  substance  to  be  tested,  the  percentages  vifi 
bie  giren  at  once  by  the  number  of  grain-measures  of  the  standard  acid  employed. 

A  conyenient  method  of  estimating  by  yolumetric  analysis  the  proportion  of  potash 
and  soda  in  a  caustic  mixture  of  the  two,  has  been  kindly  communicated  to  the  Editor 
by  Mr.  John  Dale  of  Combrook,  near  Manchester.  It  depends  upon  the  fact  that 
add  tartrate  of  potassium,  though  moderately  soluble  in  water,  is  but  yeiy  sparingly, 
if  at  all,  soluble  in  a  liquid  containing  acid  tartrate  of  sodium.  The  method  is  as 
ibllows :  Add  to  the  mixture  a  standa^  solution  of  tartaric  acid  till  an  acid  reaction 
just  becomes  perceptible;  the  alkalis  are  thereby  conyerted  into  neutral  tartrates; 
then  add  a  second  quantity  of  tartaric  add  equal  to  the  first,  so  aa  to  conyert  them 
into  add  tartrates :  tne  whcde  (or  nearly  the  whole)  of  the  acid  tartrate  of  potassium 
then  separates.  Next  filter  off  the  solution  of  add  tartrate  of  sodium,  and  add  a 
atandara  solution  of  caustic  soda  till  the  liquid  just  exhibits  an  alkaline  reaction. 
The  quantity  of  the  soda  solution  thus  added  is  equal  to  the  amount  of  soda  pesent 
in  the  mixture. — The  quantity  of  tartaric  add  required  to  form  add  tartrate  with  the 
■oda,  subtracted  from  the  total  quantity  added  to  the  mixture  of  the  two  alkalis,  giyes 
the  quantity  required  to  form  acid  tartrate  with  the  potash ;  and  thus  the  amount  of 
potash  is  aetermined.  This  method  would  scarcely  be  applicable  where  sdentific 
accuracy  is  required ;  but,  for  rapid  estimation  in  commercial  practice,  it  is  found  to 
g;iye  eood  reemts. 

Alkalimetry  by  Weight-analysit, — The  proportion  of  alkali  in  the  commercial  car- 
bonates of  potassium  and  sodium  may  be  estimated  by  determining  the  quantity  of  car- 
bonic anhydride  eyolyed  when  the  carbonates  are  decomposed 
by  an  add :  for  22  parts  of  carbonic  anhydride  (CO*)  conre-  Fig.  5. 

spond  to  69  parts  of  carbonate  of  potassium  (CO'K'),  and  to 
68  parts  of  carbonate  of  sodium  (CO'Na').  The  apparatna 
employed  is  the  same  as  that  described  in  the  article  Acmx-  . , 

METRT ;  but  the  method  of  using  it  is  slightly  different.  A  *-^^BSS^^  \ 
weighed  quantity  of  the  carbonate  to  be  examined  is  dis- 
solved in  warm  water  in  the  flask  a,  and  a  quantity  of  hydr^> 
chloric  or  dilute  sulphuric  acid  more  than  sufiSdent  to 
decompose  the  carbonate,  is  placed  in  a  short  test-tube  5, 
which  IS  carefully  introduced  into  the  flask,  so  that  it  may  rest 
against  the  side.  The  apparatus  haying  been  then  weighed, 
the  extremity  of  the  tube  c  is  dosed  by  a  plug  of  wax,  and 
the  flask  is  tilted  so  that  the  add  may  run  oyer  into  the 
alkaline  liquid.  When  the  eyolution  of  gas  ceases,  the  flask 
is  heated  to  complete  the  decomposition ;  the  wax  plug  is 
remoyed  and  air  arawn  through  the  apparatus  to  remoye  the 
carbonic  add  remaining  in  it ;  and  the  flask  after  cooling  ia 
again  weighed  to  aac^lain  the  loss  of  carbonic  add.  At 
the  condusion  of  the  ei^)eriment,  a  piece  of  blue  Htmus-paper  must  be  thrown  into  the 
flask,  to  try  whether  the  liquid  is  acid ;  if  not,  more  add  must  be  added,  and  the  pON>- 
eess  repeated. 

The  apparatus  of  Will  and  Fresenius  (fig.  6)  may  also  be  used.  The  alkali  dis- 
solyed  in  water  is  then  placed  in  the  flask  a,  and 
strong  sulphuric  add  in  b;  and  the  whole  appa- 
ratus is  weighed;  the  tube  a  6  is  closed  witn  a 
wax  plug ;  and  suction  is  applied  by  the  mouth  at 
the  end  of  the  tube  d^  so  as  to  draw  a  few  bubbles 
of  air  from  ▲  into  b.  On  discontinuing  the  suction 
the  pressure  of  the  air  forces  a  small  quantity  of  the 
acid  in  b  into  the  flask  a,  whereby  aportion  of  the 
alkaline  carbonate  is  decomposed,  lliis  process  is 
repeated  as  long  as  any  gas  continues  to  be  eyolyed, 
after  which  the  flask  ▲  is  heated,  and  tlie  experi- 
ment completed  in  the  manner  just  decribed. 

If  the  alkaline  carbonate  contains  any  caustic  al- 
kali, which  may  be  known  (in  the  absence  of  sul- 
phide), by  its  solution  haying  an  alkaline  reaction 
after  the  addition  of  excess  of  chloride  of  barium, 
another  equal  portion  must  be  mixed  with  about  one- 
third  of  its  weight  of  carbonate  of  ammonium,  and 

3  parts  of  quartz-sand  (to  preyent  caking),  and  heated  till  the  water  and  ammonia  ai« 

I  4 


Fig.t, 
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ozpdled ;  tlie  dry  rendoe  is  thea  decompoaed  ■•  abar&  The  eseem  of  alkalis*  n^ 
btnuto  obtained  id  the  iieooDd  detormmntion  i>  due  to  the  oaiutie  alkali  in  the  tainjda, 
■rbieh  it  eorrnrted  into  nrbonate  b;  ignition  with  the  cariunate  of  ' 


ic  alkali  is  eaiilj  calcnlatod  i  thai  for  »da  : 
iHO  [or  CO'JiaO  :  HaO.BO]  -  IM  :  SO. 
The  mlphitea,  hTpoanlphitea,  and  mlphidea  of  the  alkau>metak,  which  irften  o 
■    im[dea  of  all   "  '  ' '     ' 


0  tlM  Ibtnwr,  bj  neatnlinng  a  portion  of 
the  teat-add,  and  into  the  latter  by  eTolving  enlphnrona  add  or  lulphnrotted  hjdio- 
gen,  which  would  be  catimated  ta  eubonio  acid.  Wlien  the  amonnt  of  alkali  i«  to  be 
Aetannined  b;  the  Tolnmetrie  method,  these  compoonda  maj  be  decomposed  by  igcitiiig 
the  aabstance  with  chlorate  of  polawinrn,  wberebf  they  are  all  converted  into  lolphatei, 
For  the  carbonic  add  eatimation,  Ihey  maj  be  oxidiaed  by  adding  a  anull  qaaoti^  of 
neutnd  elitonut«  of  pataaaiiim  to  the  aolntioD  io  the  flaak,  befim  eomnuncliig  the  de> 


,  and  the  alkaline  eartha  (aee  Ai.tAT.i).  In  IBIT,  Sertonier  diew 
)  existence  in  opinm  of  a  eabetanoe  whose  alcoholic  aalntion  acted  npoa 
vegetable  colonrs  like  the  solntions  of  the  alkalis,  which  onnbiiied  direetlj  with  acidi, 
forming  oentnl  aalta,  solnbla  in  water,  and  giving  the  nsnaJ  reactions  of  the  adda 
fimn  which  ther  were  formed ;  and  which  was  precipitated  fh>ni  solnlioni  of  its  nlti 
by  the  minerBl  alkalis.  To  this  sabatanee,  Sertiiraer  gave  the  name  morpiau,  and 
is  consequence  of  its  poesesaing  the  propertieB  just  mpnlioned,  regarded  it  1*  a  kind 
of  alkali.  After  the  diacorery  of  moiphine,  it  was  soon  found  that  many  vegetabla 
prodnets  which  had  been  lonf  kiunm  as  exerting  marked  phjatnlogical  affiieta  (fj. 
dnchona  bark,  nox  Tomica,  tobacco,  Sce.\  contained  aimilar  alkaline  prindi^.  The 
number  of  each  natural  aliialoUU  now  known  is  very  great,  and  inclndea  many  snb- 
atancea  which  cannot  in  any  strict  sense  be  termed  alkalis,  bat  which  are  connected  by 
•DCh  insensible  gnUUtionB  (between  intermediate  tenoa)  with  anbttaatta  deddMlly 
alkaline,  that  they  must  be  r^jaided  aa  poaaesaing  eesentially  the  aame  chemical 
natore  aa  the  latt^.  Since  18(8,  a  great  number  of  organic  alk^ia  have  been  obtained 
artificially.  Some  of  these  riTal  potaah  and  foda  in  the  degree  of  their  dkaliDity, 
whjle  in  others  the  existence  of  aualim  propertiea  is  barely  perceptible. 

d  by  all  alkaloids,  whether  natural  or  aitiflcial. 


degree  of  stability,  generally  exhibit,  whao  dissolTed  in  water  or  alcohol,  an  a'^-'-n^ 
teactioD  witli' vegetable  colours. 

Host  of  the  natural  aOuIoida  contain  carbon,  hydrogen,  nitrogen,  and  ox;ygen,  and 
lot,  at  mdinaij  tempentuies,  solid,  and  not  Tolatila  without  decompontioa.  Soma 
natural  aUuIoida  contain  carlxtn,  hydrogen,  and  nitro^n  only;  these  atc^  lor  tha 
moat  part,  liquid  at  ordinary  temperatures,  and  can  be  dutilled  without  deoompodlion. 
The  greater  number  of  the  artificial  alkalis  are  composed  of  carbon,  hydrogen,  and 
nitrogen  ;  some,  liowever.  contain  oxygen  in  addition.  In  both  natural  and  artifiaal 
alkaIoid^  bydroeen  may  be  replaced  by  chlorine,  bromine,  iodine,  peroxide  of  nitraeen, 
Ac.  Alkaloids  have  iJhi  been  obtained  artificially,  in  which  nitrogen  is  replaced  by 
phosphorus,  aiaenic,  antimony,  or  biamnth.    (See  pHosPHCHaa,  Abseheo,  frc] 

Moat  of  the  alkaloids,  as  they  are  obtainHl  in  tlie  free  state,  correapond  ui  oompo- 
dtion  to  ammonia,  NH',  nther  than  to  the  fixed  ^alis ;  that  is  to  say,  they  fbrm 
aalta  by  direct  onion  with  adds,  without  elimination  of  water  or  any  other  tabatanm 
Id  order  to  make  them  strictly  oompsrable  to  the  fixed  alkalia,  they  require,  like  am' 
monia,  the  addition  of  H*0  to  their  formohe  :  they  may  then  be  considered  as  hydrates 
of  componnd  radides  analogous  to  ammoniam.  A  few  alkaloids,  however,  are  known 
which,  when  dehydrated  aa  &r  as  posaible,  corrmpond  predaely  to  the  fixed  alkalis ; 

■    ■  • — I"NO  -  l?H»N.H.O.    These  bodies,  for  the  moat 

7  closely  in  propertiea. 

I  artjflcial  alxatoids  is  tolemblj  veil  known.     T^ 
pmceaaea  by  which  thsj  are  obtained  show  that  they  must  be  considered  aa  ammonia, 


ALKALOIDS. 


CoUidiue 
Cmfaydiin*  . 

EthyleooiiiB 

HeUiflcoDiiM 

CotanuB* 


Crautiiie 

CreadDiiia 

CtTptidine 


Cf  an&mids    .        . 
AnylcTuiaimde 

DivnjlcTUiBmida 
DietbylcTknmmida 
EthTlCTUumide 

Uet>i]rl«tli;lgrauiiiida 
CTtDetbina  .  .  . 
Qfuietholiiia         . 


.  C?H"N 
.  OB"N0 
.  CIP'N 

.  c-e"N. 
.  on'v. 

.  OBTJO" 
.  CH'ITO' 
.  CHTIH) 
.  C">H"N 

.  cm'W 

.  CHTP 

.  owrc. 

.  C'iH»^. 
.  CH"N». 

.  (7s*s: 
.  cs's: 

.  CHW. 

.  cm."ip 

.  (7WV0 


C"H^* 


'Boae-mL 

Htmloek  (Conium  mamfoAniL 

Hemlock  (  CbMiuM  mactilahmty 


Oaaeoni  oUot.  of  ejtaoffU 


I  pallida  of  ctbjL 
Cbland«  of  ejuuigan   od   elh^Uto   o( 

Do.  on  pbenjUmiiM 

(vuliiie.) 
Do.  OD  cDmidiue. 

Do.    '  on  meUniliiM. 

Da  on  toloidiDab 


.  Bitmiida  of  ethylene  on  '""""I'l 
.  Bromide  of  ethylene  on  [AenjliuniiM 
.  Biomiile  of  etltTlaie  on  uomonin. 

of  bmitnibenio[d|enaaa, 
L«  boiled  witb  potuh. 
>n  eUoi^  or  bromaeetie-icid. 
ogljouL 


.  Seedi  of  Fiaatiym  Barmala. 
,  Hjdroc^uuc  add  ud  hannaline, 
.  Seeds  of  I^gatmm  Harmala  i  aleo  oxida- 
tion of  harmalin« 

.  SalphiteofccoaDtbTisodJnmdiatilled  witb 

.   Vtratrim  alium,  white  hellebonb 

,  Coal-tar;  alio  qninina  and  dnehoum* 

distilled  with  potash. 
.  Hjrdrochioric  and  hydnxTanie  addt  in 

.  Distillation  of  hydtobMuamide. 


CHTf*         .  Action  of  heat  no  e;*namid& 
!«  bf  MatUiiHxn  ud  Faut. 


.  C*H<N*0       .  Juiaoffleah. 

(THIfO*       ,  BanU-watar  od  crMtina. 
.  aHtf*         .  Onde  of  tattcarj  on  thiontuwin* 
.  CB^V        .  EthTlthioduunin*  heated  with  hrdnU 

i/laad. 
,  C"H*NO*    .  Whita  mnataid. 
.  CVKK)     .  Hjoirate  of  lead  in  oil  of  noataid  (nil> 

pboejaiiatc  of  allyl^^ 
.  <yE"SO       .  Alkalii  on  ain^ana. 
.  OVH  .  ^rtivm  teepariitm,  L.  (Cylittit  mopa- 

ritu,  Liack.) 
BtiTduiIaa    ....  CH^VK)*   .  StrynUo*  ma  amiea,  S.  IgiuOti,  &  celm- 

Tatnlamina    (Fatuune)        ,  CHiiTT  .  Bont^iL 

Thabatne       ....  C»H"NO'  .  Opinm. 

Theina.      (Saa  Cinm)  

TleobrDmina         .        .        .  C'HW*0'  .  Cacao-beam. 

TThiacetonina        .        .        .  (TBT'NS'  .  Anunania  and  bjdiDfolphnrie  iad  oa 

,  C*Hi*IT9*      .  HjdToaalpharic    add    on    aldf^Tdan- 

CEPira        ,  ATDtnonia  on  anlpbo^anata  ol  al^l  (oil 
of  mnatard.) 
.  Ethjlamina  on  anlpboe^anata  rf  al^^ 


Tbialdina 

TbioainamiiiB 


Ethjlthioai 

Tolnidino     . 

Dietbjltolnidlna 

Ethyltolnidina  . 

^tfUmiiw  . 


.  CHW 
.  C"H"N. 


Una  (Caibanide).       ,       .  CH<inO. 
AUjIuna  ....  C*H>ira. 
AmTlnrea.        .        .        .  OTff'*NK). 
Diallvliue^    (Sea  SnaMum.) 
DieUijIuiea  .        .  CH>W; 

DiphenTluiaa.    (S««  FLaTm.) 


EUtjlBilylnK 

BtbjlHnjInns  . 

Ethflpiperjlom 

EthTlmea . 

Ucthjlethjltiraa 

Methylpipeiylnrea 

HFtbyloiea 


PhenyloNa 
fipeiyloiea 
SnlpbaUTlmea.   (Saa 
To^hnea  . 

Tabraldina  . 
Teratziae 

f  TinjUmine . 


.  (?H"M«0. 

.  C'H'TTO. 

.  CHWO. 
.  C"H"irO. 
.  C'H'ITO. 
,  CH'ITO. 


.  aH"HS). 


.  CH"]TB'  .  Hjdioan^Jtnnei 
.  VWtPO  .  FtrMnm  album 
.  0^'H  .  Chlendaofetbrleneoii 


laeidoBTaleNlai 


ni^  *■"*■";  aalta  bj  combiniag  with 


Hjdrnte  of  UethrldtethjluDjIhim (y*H^O. 

H  TetnmTliam        ......   (m<WO. 

H  Tiietlijlamjliaii) ^H'lIOl 


Hydiata  of  Elhylbneinm 


tt  mnit  b«  fittMed  again  thnngfa  a  filler  wetted  with  dutitlad  vater,  the  Utnte  mtt*- 
be  evworated  nearly  to  diyuesa  in  Tacuo  over  lulphoric  add,  and  tlia  naidae  ei- 
hanitod  with  eM  abaolate  alcohoL  The  alcoboHo  101011011  is  osos  man  arunrated 
U  the  atDK)a|ih<ric  temperntiire,  either  in  the  air.  or  bettor  in  vacuo,  and  tjie  add 
naidne  of  tm*  eT«{)oration  is  diuolvol  in  tlie  tmailat  pottiiU  qoAntiC;  of  water.  To 
the  solution  so  obtnined.  pore,  powdered  acid  carbonate  of  patjusium  or  of  sodium  is 
added  teri/  gradvally  unhl  there  in  no  more  effervescence.  The  neutralised  solntim 
is  shaken  with  &i>m  four  to  five  times  its  bnll  of  pvn  ether,  and  than  aUnwed  lo  settle- 
When  the  lajer  of  ethef  hsa  become  perfectly  clear,  a  little  of  it  is  decanted  into  a 
gUaa  capsule,  and  left  to  BpnDtaneoDS  eviporatioQ  in  s  verj  dry  place  If,  after  the 
evaporation  of  the  ether,  atieht  streiOu  of  liijoid  ippear  on  the  side  of  the  eusnle, 
and  run  toeethtt'  slowly  to  the  bottom  of  it,  a  liqma  and  volatile  alkaloid  u  probablj 
present.    If  thia  be  the  case,  the  warmth  of  the  hand  will  be  sufficient  to  nuaa  the 


recommends  differAit  processes  for  its  farther  poriflcation. 

A.  7^  alJkaioid  it  liquid  aiid  volatiU.  —  In  thia  case  1  or  S  cub.  cent,  of  strong 
solution  of  caustic  potash  or  soda  ore  added  to  the  contents  of  the  llssk,  from  whick 
the  small  qosntitj  of  the  ethereaL  solution  was  taken,  snd  tht  whole  is  again  well 
shaken.  After  standing  for  a  sufflciect  time,  the  ether  is  poured  ofE|  and  the  naidne 
is  again  shaken  three  or  four  times  with  fresh  qnantitiea  of  ether.  The  ethereal 
liqmds  so  ohtained.  containing  the  alkaloid  in  solution,  are  tmited  and  shaken  with 
I  or  S  cnb.  cent,  of  a  mixlore  of  4  parts  by  weight  of  water  and  1  part  of  snlphuric 
add ;  after  being  allowed  to  stand,  the  ethrr  is  ponred  oS,  wd  the  add  liqnid  ia 
washed  with  a  seoand  qnsjitity  of  ether. 

As  the  sulphates  of  the  volatile  alkaloids  are  soluble  in  water,  bnt  ■hnoet  all 
insoluble  in  ether,  the  alkslnid  sought  ia  coatained  in  the  dilate  nilphnric  add,  in  the 
form  of  pure  snlphate  *,  while  the  animal  matter  which  the  etiier  may  havs  taken  up 
from  the  alkaline  liquid  t«^ther  with  the  alkaloid,  remaina  still  diasolved  by  it. 

In  order  to  obtain  the  alkaloid  from  the  solution  of  its  Bulpfasta,  the  lattsr  is  mixed 
with  a  strone  solutioa  of  oiastic  potash  or  sodi;  the  mixture  is  well  shaken,  and  then 
■xhauslfld  with  pore  ether,  which  dissolves  the  alkaloid  together  with  ammonia.  The 
etheTcal  solution  is  allowed  to  evaporate  f  at  as  low  a  temperature  as  possible,  and 
jn  order  to  remove  from  the  residue  the  Isst  traces  of  ammonia,  the  veaael  eontaising 
it  is  placed  for  an  instant  in  vacuo  over  sulphuric  add.  The  alkalijd  then  remains 
in  a  state  of  parity,  with  its  duracterigtlc  chemical  and  [Aysical  piopertiea. 

B.  T^  altaloid  it  tolid  end  firtd.  —  If  on  evaporating  a  small  qnaoti^  of  the  ether 
with  which  the  liqnid  aentralised  by  add  carbonate  of  aodiun  has  been  mix«]  (sew 
above),  there  is  no  sign  of  the  presence  of  a  voUtile  alkaloid,  the  liquid  must  be  fur- 
ther examined  for  fixed  alkaloids  as  follows.  Caustic  potash  or  soda  is  put  into  the 
flask  containing  ether  and  the  neutralised  solution,  the  mtxtnra  is  again  vigoransl; 
•haken,  tlie  ethersal  layer  is  poored  iff  as  soon  as  it  ia  dear,  and  the  watery  alkaline 
liquid  is  lovenJ  times  washed  with  a  considerable  quantity  of  fhish  ether.  The  ether 
BOW  contains  the  free  alkaloid  in  solution  {,  and  on  evaporation  leavea  either  a  solid 
nsidue  or  a  oolonriess  milky  liquid  containing  solid  purticlee  in  snapeniion.  The 
smell  of  this  residne  is  disagreeably  animal,  but  not  sharp ;  It  eoloors  red  litmus- 
paper  permanently  blnt- 

In  order  to  obtain  the  alkaloid  in  the  crystBlline  stale,  a  few  drops  of  alfohol  are 
poured  into  the  c^Mule  containing  it  and  allowed  to  evaporate.  T^snaHy,  however. 
It  is  still  too  impure  tn  raystallise  in  this  way-  When  this  is  the  case,  a  &w  dropa  of 
water  mode  very  slightly  scid  by  snlphnric.  acid,  are  ponred  upon  the  residue  left  by 
the  evaporation  of  tte  alcohol,  and  made  to  come  in  contact  with  the  whole  of  it  br 
properly  indiningthe  cspsnle  in  vanona  directions:  the  alkaloid  is  thns  disaolvei^ 
whQe  the  fatty  impurities  remain  adhering  to  the  capsule.  The  add  solution,  which, 
if  the  last  operation  has  been  well  performed,  is  deu  and  colourless,  is  ponied  o^  the 
capsule  ia  washHl  with  a  few  drops  mora  of  the  acid  water,  the  washings  ars  mixed 
with  the  flrst  solution,  uid  the  whole  is  evaporated  ovtr  snlphnric  add  to  about 
three  qoaiten  of  its  bulk.    A  sntuiated  solntion  of  pure  carbonate  of  potasatnm 


128  ALLABTOIC  AND  AMKIOTIC  LIQUIDS. 

Fmm  what  hti  b««n  stated  alxtro  relaliTa  to  ths  sbaoiption  of  tli*  *Tfc«liiiiff  T^ 
animal  eluKoil,  it  u  trldmit  that  that  anbstauce  ■honld  ntra  be  nnploTrd  to 
decnloriiB  a  solutioD  prBrioiu  to  ita  being  exaism»d  for  poiionoiia  orRanii;  bam.    Tha 


le  oisaDic  ma 
e  to  highlj  n 


Ij  coloured  and  diaagreeablj  BmeUing  prodncta,  rerj  difBenlt 
__        _   UtoMtridof.    (Stai.) 

FntftiitheTdetailBcoeeariiuifjmodiflQatian*  of  Stai'a  pioeeaa,  and  tbr  aome  methoda 
(rtiich  are  not  meDtioned  in  thu  arlicla,  tha  reader  ia  referred  to  the  article  on  tlM 
Mine  ■objei't  in  Liebig,  Paagendorfll  and  Wohler'i  "Handwortobveh  derMtnen  nnd 
angemadtan  Chnstat  2na  edition,  i  U4 ;  and  for  tha  Kaetiou  of  thie  indiTidnal 
aluloida,  to  the  Tariona  aitidea  ID  thii  Dietionair  in  whidi  the;  are  ipaeiallr  de> 
imbed.— QC-F. 

AtXUrWg'  Th«  commerciat  name  of  two  different  plaati.  TVut  allcatut  eon- 
aiata  of  the  leaTta  and  mola  of  the  Lavonia  inermU.  which  growa  wild  in  the  Lennt. 
7he  lenvfls  pnlvprised  and  okade  into  a  pajte  with  water  jield  a  jellow  dja.  The 
root,  whic)i  contains  a  red  pigment,  is  oaed  as  a  eocmetic 

Faltt  alkanet  {Orcanettr,  Badii  alcanna  tpuria)  ii  the  root  of  AncAuta  tiiw- 
ioria,  which  giovi  in  France,  Spain,  Italy,  Hungary  and  Greece.  It  ii  iaodonmB, 
hai  a  faint,  aomevhat  aatriogenl  taatd,  and  coloun  the  ulivL  It  ia  Qied  in  djeing 
to  produce  a  rrxj  brilliant  violet  and  a  grej ;  aad  for  thin  porpoee,  linen  of  eotton 
goodi  prerioiulT  prepared  with  aliun-mordanta  for  Tiolet.  and  with  iron-mordanla  for 
grej,  are  dipped  in  on  alcoholic  extract  of  the  root.  It  ii  alao  naed  for  dyeing  ailk. 
W  not  for  wool.    The  eolonring  matter  ii  ealtad  AtKhutin  (wbicll  «ee). 

ItTiWawftWlf  and  *^-*'*™"'™'      (See  Asaanma  of  MBrm.) 

AUA.0ZT&  A  minnal  which  appears  to  be  an  intimate  mixtme  of  hormluM 
and  silicate  of  manganeae,  perhapa  aUo  with  carbonate  of  manganeee. 

A^A2t&    Bjn.  of  QioFami  and  Acom. 

AULAVtTB.     (See  OsTHm.) 

AUUUTTOXO  and  AmnOTZO  KZQVXBS.  The  fietni  of  meet  Bwmmi- 
feroiu  animals  ia  enTcloped  in  two  membrsnes,  tha  cater  of  which  ia  called  the 
alianioii,  and  the  inner  the  amnitin.  The  apace  between  the  two  ia  connected  bj  • 
duct  with  the  urinary  bladder  of  the  ftstus,  and  contains  a  liquid  called  the  allantoic 
liquid,  which  is  in  fact  the  urine  of  the  tcstus.  The  """'"■"  at  fliat  lies  doae  upon 
the  fotos,  but  gradually  separates  and  becomn  filled  with  a  liquid  in  which  ths 
ftEtns  floats  suspended  by  the  umbilical  cord.     This  liquor  is  the  liquitr  amfin. 

The  alluntoic  liiiuid  ia  especially  distinguished  by  containing  allsntoiD,  together 
with  albumin,  alkaline  lactatea,  chloride  of  sndiimi  and  phoqihatei.  and  eometimes 
glucose.  Tha  amniotic  liquid  contains  albiunin,  pyin.  a  anbatance  reeemblins  muroa, 
extractlTc  matlar,  and  in  some  instances  glucose,  together  with  alkaline  udoridea. 
Bulphatea  and  phosphatea. 

Theea  liquids  hare  been  inrestigated  fay  many  distingnished  chemists,  but  the  moat 
axsrct  analyses  of  (Mm  are  those  which  bave  been  recently  mads  by  Bchlosabarget 
(Ann.  Ch.  Fbann.  xcri.  67,  and  ciiL  IBS),  and  by  If  ajewski  (Dissert,  de  Snbstan- 
tianm,  Ac,  Dorpat,  IBSS;   J.  pr.    Chem.  Izxvi.  M)     H^ewski's  results  are  aa 

Both  iiqoida,  in  tha  earlier  ttagee  of  deTelopment  of  ths  embira  of  cowa  and  sheep^ 

are  clear  and  colourieas :  at  a  later  stage,  the  amniotie  liquid  of  ths  oow  bscomea 
gummy  and  yellowish,  also  torbid ;  in  sheep  and  swine  oa  the  contrary,  it  always 
rvmaina  clear  and  colonrleas,  and  nerer  beoomes  gummy.  The  allantoic  liquid 
beoomea  yellower  with  age,  and  at  last  reddish  yellow,  bnt  remaina  clear,  axeapting 
in  swine,  in  which  it  i*  always  turbid.  Both  liquids  generally  exhibit  an  alkaiine 
tesctieu. 

In  both  Iiqoida,  the  solid  conatituento,  ethnic  and  inorganic,  increaae  for  the  most 
part  in  quantity  as  the  darelopmentoftheffBtua  prognose*.  In  tlia  human  fcetus;  how- 
ever,  the  quantity  of  solid  matter  in  the  amniotic  liquid  decreasee  considerably  towarda 
the  time  of  birth  (see  tabic).  The  same  leanltwas  obtained  by  Vogt  and  by  Scherer, 
the  latter  of  whom  found  S-il6  per  cant,  of  solid  mnstitueuti  in  the  amniotic  liquid 
in  the  fifth  month  of  eeitalioo,  and  only  0'8S2  at  birth. 

The  amniotic  liquid  retains  its  albomin  up  to  the  period  of  mnturity  of  tha  fotu. 
but  (aa  appears  from  iuTettigHtions  on  tha  human  embryo)  this  amouDt  daereaaoi  is 
lbs  later  period  of  the  deTelopment  of  the  embryo,  and  this  diminntioD  nppean  to  b« 


AliAMTOIC  AND  AMNIOTIC  UQUIUS. 


boiliiiKUid 

on^ddition 

0fM«tic>eiJ. 

Aniniotic  liqoid  of  a  and  e.            Atkntoic  liqnid  otbanic 

a.  Tiicld  lika  white  of  egg: 
mixed  euflj  with  iraKT,   ud 
filtered  readUj.      On  boilinR. 
l>ecBnie    more     mobile,     with 

dd.     On  boiling.  enuU  floct. 
Mparat«d.    The  greeter  pert  of 

perfocOj    dew    whw   boiled, 
either  elone  or  with  icetie  add. 

b.  NotTiadd;  dear  on  boil- 
ng.       Ac«tie    add    produce* 

tUe  flocks  bntdowlT,  era.  in  «- 
ce»  and  at  th«  bodiug  bnt. 

c.  CoBguIat™     oTon      when 
xiiled  alone,  the  coegahuD  being 
but  partially  aoluble  in  acetic 
Hcid.     Ou  rraponition :  flimj. 

Both  b  Kni  e  bMome  rery 
turbid  when  boiled  with  M->- 
ride  of  caldum  ot  tnlpbtte  of 

tuibidi^  (aiinng  in  b  moat  pn>- 

p««o«  adding  acetic  add. 

AkohoL 

fl.  Throwt  down  flocks  sola. 
ble  in  warm  water. 
c.  No  change. 

i.  No  change. 
C  Turbidity. 

Nitric  acid. 

_  fl.  Slight  tnrbiditj,_ai«i-t«4t- 

"^."  0  t^wSty.  "Liquid  doee 
not  become  yellow  on  boiling. 

cPredpitate      and     ydlow 

colour  on  boiling. 

Hga 

...  Slight     turbidity:     email 
flakM  on  boiling. 
c.  Turbidity.  (With  KO'Hg: 

i.  No  change 
e.  ProdpitatA. 

Ferroty«ude 
ofpota-inm. 

t.  Ti^bidi^only  tfter  addi- 
tion of  acetic  add. 

b.  No  change. 

Acetate     of 
Utd.        Buic 
■eeUtaoflcad. 
Tumio. 

Copioui  precipitates. 

Alum.                                               No  chuiga  in  uj  imtanea. 

flcially  by  treating  uric  add  with  watflT  and  penmdsof  lead.     (Liebi| 
Ann.  Ch.  Pharm.  xzvi  341.) 

CH'N'C  +  HO  +  2PbO  .  CHWC  +  CPb'O"; 


nr  withamiztnreofltiTicyanideaf  potatdun  andca 
Ch.  Pharm,  kvii.  216.) 
CH'N'C  +  aOnX'St'E*  +  4KH0  -  CH^'C  +  CKW  +  4CTtTeK«  +  HH>. 

pouuUuB.  psuuium.     of  pmuilun. 

Pitparatiim. — PalTeriaed  orie  add  ia  BOEpended  in  WHt«r,  nearly  at  the  bailing  hrftt. 
and  finely  pounded  oxide  of  lead  ia  added  by  imall  portiona,  and  with  frequent  atiiiiiiK. 
till  the  laat  portion!  no  longer  turn  white.    The  liquid  filtered  while  hot  depoaita  on 

bitif  iLal  at  uinloU^uUI  wu  BlHd  with  aUviMIt  liquid.  '         ''"^ 


ALLANTUEIC  ACID— ALLOPHANIC  ACID. 


AKZ.AKTirmXO  AOSD.  (7H<N'0>.— A.  pioduci  of  Uie  dMoraptmtioD  of  kUutoin 
under  the  ioflnence  of  nitric  add,  hydcoehloric  kcid.  or  peroxida  of  lead  (p.  131J: 
also  obtained  by  treating  uric  acid  witli  nitric  acid  or  chlorino.  It  ii  a  white  Kitid 
body,  alightly  ai'iil.  deiiqnescrat,  nrarlj  ioialabU  in  almbol.  and  jielda  bj  distilla- 
tion a  product  conr»in[ng  hydromaic  add,  with  a  biJkj  residue  of  charcoal.  With 
nitraMof  nUer  and  acftatc  of  lead,  it  forma  whit«  bulky  piedpitatn,  anlDhla  in 
eicns«f  theaeaalta,andof  alliuit uric  acid.  (Pelouie,  Ana.  Ch.  Fhya.  [S]  Ti.  71.) 
Aisen-de  of  Antimony,     (p.  371.) 

C'H'N'O'  ?  Obtained  by  mijing  an  aqneoua  aoliUion  ot 
alloiautin  with  exceea  of  hydrochloric  add,  boiling  the  liquid  npidlj  down  to  a  naall 
qnantilj.  treating  the  polTcxulent  mixture  of  allituric  add  and  ncdecompoaed  alloxantin 
with  nitric  add  lo  dinolTe  out  the  latter,  and  diaaolving  the  reaidoe  id  15  or  20  pta, 
of  hot  wat«r.  The  solution  on  cooling  depoeita  allitoric  acid  ia  the  form  of  a  bolliy 
yellowish  white  powder.  ItdiwolTes  in  strong  sulphuric  add,  and  is  precipitated  &om 
the  solation  by  water,  Ita  solution  in  ammoaia  jirlda  aUiiurait  of  enummium,  by 
Bpohtaoeous  eTapontioo,  in  colourlesa  ahining  needlea.  The  acid  ia  dccompooed  by 
hoiling  with  polAah,  with  evolution  of  unmonia.  (Scbliepec,  Ann.  Ch.  Pbirm. 
Ivi.  2U.) 

A3AXtntt  BATZVinL  ( Garlic.)  100  pta.  of  th«  ash  of  the  &esh  plant  yield  0'64 
p.c.  aflh,ootitainiiig  in  lOOparUi  12~17  carbonic  anhydride,  4'B2  sulphuric  anhydride, 
2-IH  phoaphoric  anhydride,  Sfi'13  potjuh,  a  trace  of  sods,  2'7S  chloride  of  sodiani. 
fi'Tl  curboQBte  of  calcium,  689  carbonate  of  magnesium,  3009  baaie  phosphate  of 
calcium,  0-22  silica,  and  traces  of  the  phosphates  at  magneaium  and  icon. 

AbLOOHBOtra.  A  Tarie^  of  ganiet,  finO'^gTMned,  massire,  and  of  daik  dii^ 
colour.    (See  G*wnn.) 

AiiiMOOXTrm.    Syn.  with  Hnnum. 

A&IOMOKTBXTS,  Breithanpfs  name  for  a  minenl  from  KadolstadI,  which, 
according  to  the  analysis  of  Oemgroas,  appears  to  be  merdy  sulphate  of  barium. 

AIAOVKAXB.  A  bydrated  silicate  of  alomintum,  of  a  bias  and  sometimes 
green  or  brown  colour,  occomng  maasivc,  or  in  unitatire  ahapea,  in  a  bed  of  iroQ'shot 
Emeotone.  or  greywacto  slate  in  the  forest  of  Thuringia.  It  is  tnuiBparent  or  trmus- 
Incent  on  the  edges,  moderalel^  hard,  but  very  brittle.    Fraetiire  imperfectly 


greywacto  slate  in  the  forest  of  Thuringia. 
deralel^  hard,  but  very  brittle. 

9peciilc  gravity  I'BS.    According  to  Strom  cyer'sanalrais,  it 
'2  alumba,  3-06   ferric  hydrate,  0  73  lime,  0-52  sulphata  of 


choidal.     Lustre 
oontaioB  21'e2  s 

caldum,  3-Ofi  carbonate  of  copper,  and  4130  water.  Bunaen  found  in  ■  spccimeo&om 
a  bed  of  lignite  near  Bonn,  nearly  the  same  composition,  with  a  slight  admixtiiro  of 
the  eatbonatea  of  caleiiun  and  magnesium,  bat  ao  copper.  The  mineral  appears  from 
the  analyses  of  Walcliaer.  Berthier.  Guillemin,  and  othen,  to  vary  considerably  in 
oompoaition.  but  irrespective  ot  foreign  adiziiitUres  it  agrees  nearly  with  the  fornmlB 
Al'O'.SSiO'  +  6ETO.  Schnabel  (Jahresber.  d.  Chem.  ISSO,  s.  731),  hss,  however, 
analjaed  several  allophanes  containing  fenn  14  to  19  per  cent  of  oxide  of  copper. 

►.CH'N'O'-'^^'^'lo.     Urw-cofbonie  acid.    (Gm. 


a  peculiar  acid  which  they  called  al 
This  odd  contains  the  elements  of!  at.  cyanic  add  and  t  at.  Water: 
C'H'N'O'  ^  2CHN0  -f  HK). 
Its  ethers  are  produced  when  the  vapour  of  cyanic  acid  comes  in  eontact  with  the 
correapondiDg  dcohols,  and  tbeee  ethers.  treHtinl  with  csostie  sUalis,  yield  the  ror- 
responding  salts  of  allopbanie  acid.  The  add  itself  ia  not  known  in  the  separate  state  : 
when  ita  salts  are  decomposed  by  a  stronger  acid,  it  is  resolved  into  orbonie  anhydride 
and  nrea: 

fmiNK)"  -  CO'  +  CH'N'O. 
to  like  manuer  the  aalta  when  heated  in  the  stat«  of  aqueous  solntion,  are  resolved  inta 
carbonic  anhydride,  ■  carbonate,  and  urea. 

Allvphanate  of  Barium. — Obtained  by  diasolving  allopbanile  of  methyl  Or  ethyl  in 
baiTta-water,  whereby  wood-spirit  or  alcohol  ia  set  free.  The  best  method  ia  to  tri- 
twtte  sUaphaaate  of  ethyl  with  OTStals  of  hydmto  of  barinm  and  bai^ta-waler,  without 
■pplying  heat.  IJll  the  ether  disappears  i  filter  from  the  remaining  baiTta-cryntoli ;  and 
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thprefram,  appnreiilly  five  &om  UDmonis.  It  dtuolTcs  In  dilate  Eolphiim  aai  nitiw 
acid  at  the  bailiiia  heat,  apparmtlj  vitlioat  decompositiun. 

The  crjstali  whpD  heated  in  an  open  vessel  melt  and  Tolatilisc,  the  r^ponn  am- 
densing  in  the  air  in  voollj  Bocks. 

Tivated  with  cold  alcoholic  ootath  or  buTta-water,  it  yield*  a  metallic  allophanali 
and  aloohol ;  with  a  boiling  aotntion  of  potash,  it  tormi  cjanuiate  of  potusiiun. 

Qlycol  (hydrate  of  ethylene)  absorbs  cyanic  add  t^wdt  with  considerable  tone,  » 
Umt  it  IS  best  to  cool  tbe  liquid  daring  the  absoqition.  The  piodnct  is  a  white  tnia 
vhieb  disBolTM  in  boiling  alcohol,  and  aeparatfs  on  cooling  in  eolooileea  shiDing 
IttniTu,  It  ia  soluble  in  water,  and  nelta  at  tOD"  C.  wit^oat  decomposilion,  to  a  clrgr 
colonrleas  liijoid,  which  solidifies  in  the  oyatalliDe  form  on  cooling.  At  a  Btronget 
heat,  it  girea  offeubonate  of  ammoniam,and  a  thick  riacid  liqnid.  while  nannnc  srid 
remains  behind.  Sbong  add*  decompose  it.  With  hydrateof  bHriiuii.it beliaTcs  like 
the  glyeerin-compoand  next  to  be  described ;  aliia  with  alcoholic  potash.  Slivng 
aqoeoD*  potsah  likewise  decomposes  it,  without  fbrmatioa  of  cyanuric  acid.  (Baeyer, 
Ann.  Ch.  Phsnn,  aiT.  ISO.) 

Aliopkanatt  of  Glyetryl,    (?H*N'0'  -  g/jj^ljo".  Allnplumatt  of  Glg- 
'n. — Qlyeerin  abioihs  cyanic  acid  Tapcnr,  and  is  thereW  conrerted  into  •    ' 


Btickj  mass,  which  diaaotTe*  in  alcohol,  leaving  only  a  small  quantity  of  cyamelid''. 
The  hot  satnrated  solution,  on  cooling,  deponits  allophaaate  of  glyceryl  in  hud  cnutK. 
composed  of  small  translueeut  noduW  The  cryaultiaation  is  often  slow,  especiaUy 
when  mnch  glycerin  ia  present ;  hence  it  is  best  to  wash  the  crude  product  with  cold 
alcohol  before  diasolTing  it  in  hot  aloohoL  The  nodules,  after  recrjaljUliaation  from 
alcohol  and  diying  at  100°.  gave  by  analyais  33-S  per  cent  carbon,  ^7  hydrogen,  and 
15-fi  N.  the  foimula  requiring  337  C,  6-0  H,  and  157  S. 

AUopbanate  of  glyceiyl  has  neither  taste  nor  smell,  dissolves  iilowly  bnl  abnndtlitly 
in  water,  and  with  tolerable  facility  in  boiling  alcohol.  Heated  in  the  dry  state,  it 
■nelta  at  about  160°  C.  to  a  coloarles*  liquid,  which  solidiSca  in  a  gelatinous  mass  on 
cooling.  On  raiaiug  the  temperature,  a  Urge  quantity  of  carbonate  of  aminoninm  is 
evolved,  and  the  mnss  ultimately  turns  brown  and  emits  an  odour  of  burnt  horn. 

It  is  not  decoinposed  by  dilute  adds  at  ordinary  temperatnTcs,  but  strong  nitric  anil 
eul^^Biric  Hcida  decomnoee  it,  with  cvolutioD  of  curbonic  anhydride. 

Wliea  triturated  with  water  and  tgdratt  of  barium,  it  dissolves  with  facilitr :  but 
the  clear  filtered  solution  depoaita,  after  a  short  time,  a  bulky  cryatalliue  precipitate  r>f 
carbonate  of  barium.  The  predpilation  takes  place  even  when  the  c^aantily  of  baiyt^i 
in  leu  than  sufficient  to  saturate  the  allophanic  acid  present,  so  that  it  does  not  appear 
{>oa*ible  to  prepare  sUophanale  of  barium  in  this  manner.  A  certain  quantin-  of  tbat 
wit  appears,  however,  to  be  formed,  inasmoch  as  the  liquid,  af!er  lone  standing  still 
depoeita  carbonate  of  barium  when  heated.  If  alcohol  be  added  to  the  liquid  containing 
SD  insufficient  quantity  of  b'irfta.  allophnuate  of  ethyl  is  produced,  probably  by  s 
catalytic  action.  Allophanale  ^  glyceryl  heated  with  baryta-water,  yields  nothing  bat 
carbonate  of  bariam,  nres.  and  glycerin. 

In  an  alcoholic  solution  otpotath,  allopfaanate  of  gtyceiyl  cakes  together  to  a  sticky 
mass,  then  gradually  diaoolvea,  the  solution  after  a  while  depoaiting  long  needles 
which  graduall;  change  to  small  bulky  masses  of  needlea,  apparently  coosistiiig  cj 
ethyl-carbonate  of  potaBsinm.    (Baeyer.) 

^/.■op*anii«i>/;Ve(Ay/,(?H1W-C7H'(CH")rTO'.— DiwoveredbyRichard- 
■on  in  1B37  (Ann.  Ch.  Pharm.  uiii.  128),  and  originally  called  urro-car/y^naU  of 
m/tW,  When  cyanic  add  vapour  Ii  paaeed  into  mi'thyl-afcohol,  coloorlesi  cry»tala  are 
obtained,  which  must  be  repeatedly  washed  with  water,  and  then  dried  at  100°  C.  When 
heated,  they  partly  volatilise  undecompoeed,  and  are  partly  resolved  into  ammonia, 
neUiylsne  gas  (f ),  carbonic  anhydride,  and  cyanuric  acid : 

aCH'NK)*  -  3NH"  +  3CH'  +  3C0'  +  CTH-NK)". 
Heated  witli  potash,  they  are  decomposed  in  tbe  same  mnnner  aa  the  ethyl-mnpoond. 
They  dissolve  readily  in  water,  vood-^irit,  and  atcohol,  especially  when  bBstrd. 
forming  neutral  solntiona. 

Allophanatt  of  En/frnic  arid,  C'-n"N''0'  =  CTI"( C"H" 01  S»0'.  —  Eugenie 
acid  rapidly  abaorbs  cyanic  add  vapour,  forming  a  thick  mona,  which  dissolves  ia  hot 
alcohol  sad  «eparatea  in  long  shining  needles  on  cooling.  At  100°  C.  it  gave  67-0— 
•"■9  per  cent.  C,  67- " -.   -  -  " .. 

>  elements  of  2  at.  (, 
therefore  nnalogona  in  composition  lo  the  allophan       .   . . 

It  is  insoluble  in  water,  xparingly  >«luble  in  cold  alcoliil,  abuadantly  in  hot  alcoboL 


to  1£0°— 160°  C.  in  a  stream  of  dry  hydrogtn :  the  ttrlrahydratcd  compoond  toMt  b» 
lint  coDTerted  into  the  raonohTdnte  by  verj  aatfa]  hpHting  to  100°.     (Onieliii.) 

Proptrtin.  —  Anliydmiu  alioxaa  U  of  a  pale  redduh  colour,  vhicb  ii  pmbklily  dup 
ts  the  aclion  of  hnt.  Whec  crystallimd.  it  containa  1  or  4  >toiiii  of  wat^r  of  cryii- 
taUiution.  The  cryBlala  obtained  by  eraporaling  a  warm  aqueoaa  solution,  «in1«in 
1  alom  of  init«r:  they  ire  oblique  rbombio  priama,  belonging  to  the  monocliiiic  ayflem. 
hmTing  the  uppeantDce  of  rhomboidsl  octuiedrs  tnuieat«d  at  the  extrcmitien ;  tbey 
are  luge,  traDBparent,  and  colontleas.  of  a  glass;  lualre.  and  do  not  efflorutce  in  rbs 
air.  Liebig  and  WoUer  regarded  thia  rompoondu  aBbydroos.  Those  obtaiiiod  by 
cooling  a  vann  aatnxatcd  aqoeooa  aolntion  are  transparent,  pearly  cTjrtala,  oflea  an 
iocb  loD^;.  belonging  to  the  trimetrie  system :  they  effloresce  rapidly  in  varm  air. 
and  when  heated  to  100°  ai«  roiiTsrted  in  the  monohydrated  compoond.  According 
la  Gregory,  there  eiiats  a  third  hydrate  containing  2j  atoms  of  water. 

AUoisn  is  readily  solable  in  witter  or  alcohol,  forming  colonrleis  soInlioD*,  whence 
it  may  be  precipitated  by  nitric  add.  Its  aqueous  solution  baa  an  aatringent  taatr, 
and  cotoDis  the  skin  pnrple  after  a  time,  imparting  a  pecotiar  and  diaagrecable  nnelL 
It  raddana  litmus,  bnt  does  not  decompose  alkaline-eattbj  carbonates  :  neither  does  it 
attack  oiide  of  lead,  eren  on  boiling. 

Tb*  following  is  tbe  percentaige  composition  of  the  three  Tsrietiea : 
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Bteontpoiiiiont.  —  1.  By  HaU.  When  heatod,  alloxan  melts,  and  is  decompomd, 
forming,  besides  other  products,  cyanide  of  ammonium  and  urea.  (Handwb.  d.  Chnm.) 

2.  Bg  ^tclroli/'U.  —  Ad  aqueous  solntion  of  alloxan  is  decomposed  by  tlie  Toltaic 
current,  oxygen  beiog  evolved  at  tbe  posltiTS  pole,  and  crystals  of  alloxanlin  formed 
at  the  nefn^tiTB  pole. 

3.  By  Nitrvi  add.  —  Hot  dilate  nitric  acid  eouTarts  alloxan  into  parabuaic  acid  and 
carbonic  anhydride : 

C'HTW  ♦  0  -  CHTW  +  CO" 


n  of  nitt 


>cii    ( 


ieper,) 


4.  By  HydTochlorie  and  Sulphuric  aada, — When  heated  with  these  acids,  alioian  iit 
converted  into  aUoiantin,  which  gradually  separates,  and  tbe  matber-liqaor  yields  on 
ev^>oration  acid  oxalate  of  ammonium.  The  decomposition  goes  through  scrersl 
stages  ;  first,  alluiantia,  oxalic  and  oialuric  acids  am  formed  ;  then  the  oxalurie  acid  ia 
decomposed  into  oibIIc  acid  and  urea ;  and  the  urea  is  finally  raeolved  Into  carbonic  an  - 
hydride  and  ammonia,  whicb  last  comhlncswith  the  oxalic  add.  (Liebig  and  WcJhler.) 

5.  An  aqncons  solution  of  alloxan  is  decomposed  by  boiling  into  carbonic  anhydride. 
parabanic  acid,  and  alloxantin.  which  separating  on  cooling: 

aC'HTJK)"  -  CO'  +  CH^JK)"  +  C^'N'O' 


6.  By  rrdueing  aqtvU.  alloxan  is  converted  into  alloxantin.  This  decomposition  \» 
Affected  by  prolochtoride  of  tin,  sulphuretted  hydrogen,  or  sine  and  hydrochloric  acid 
^nascent  hydrogen) : 

2C*H'N'0'  +  H'  -  CmV*0'  +  H-O 


13S  ALLOXANIC  ACID-ALLOXANTIN. 

It  11  a  dibuic  add,  fonning  acid  ■■  wAl  aa  Dormal  ulti ;  tbe  formula  of  Dormil 
(Ibiuutaa  a  CH'M'NK)',  of  aciil  slloianalH,  C'H'MN'U'.  It  aim  appeiin  to  Ibrm 
basic  lalta  with  kubb  hetvj  metals.  Alluzanat«a  are  moitl;  obtained  b;  the  action 
of  aqaeoiu  alloxonic  add  on  metallic  earbonatsa.  The  alkaline  allozuiata  are  rolobla 
in  water :  Qm  nonnal  nlU  of  otber  metali  are  geaerallj  more  or  l«e»  imvlnblr.  thp 
acid  aalta  readil  j  eotable.  Thej  part  with  their  water  of  crjitalliaation  at  (etnperatam 
Tarring  fnnn  100°  C.  to  ISO°  ;  and  reqoire  a  ilniiigFr  heat  for  their  decompoaitioa. 

The  alloiuialcs  hare  bees  iiiT»atigat«<t  principallj  by  ScLlieper  (lac.  cU,).  The 
only  one  which  reqnirai  special  mention  is  the  normal  bariufn'sait,  which  ia  emplojed 
for  tfae  pr«paratioD  of  alloianic  acid.  It  is  obtained  W  miiiog  2  toIb.  of  a  cold  lata- 
raled  solntion  of  alloxan  with  3  Tola,  of  a  coM  saturated  solntion  of  chloride  of  barinm, 
heating  the  mixture  to  60°  or  70°,  and  adding  graduall;  potaah-aalation,  with  constanl 
agitation.  Each  addition  of  potash  prodncea  a  white  eonij  precipitato,  which  mwd 
redisBolrei:  at  last  the  precipitate  remains  ^lenaaiient,  and  the  liqnid  Boddentj 
becomes  filled  with  allozanate  of  barinm,  which  blla  down  as  a  beat^  crjalalline 
powder,  and  may  be  freed  &om  chloride  of  potaMLum  by  washing  with  mAd  waler. 
If  too  much  potash  has  been  added,  a  pcisisteBt  cnrdy  precipitate  forma,  connating  of 
basic  alloianata  and  meeoxalate  of  barium ;  it  mnst  be  redisaolTed  by  the  addition  of 
a  little  alloxan-aolntion.  A  less  abundant,  bnt  more  certainly  pure  product  il  obtained 
by  adding  bsryla-waler  to  aqueous  allozaaic  acid. 

DeeompotiUotii.  1.  By  Heat.  —  When  heated,  the  acid  melta  with  intnmeacence, 
become!  carbonised,  and  erolTes  Tapouis  of  cyanic  acid.  Alkaline  alloxanatM  are 
decomposed  bj  heat  into  a  mixture  of  carbonate  and  cyanide.  An  aqneona  aolntiaB 
of  alloianic  add  ia  decomposed  by  boiling,  carbonic  anhydride  being  abandantly 
erolred,  and  two  new  bodies  formed,  one  of  which,  Uueoturu  acid,  bdng  insoluble  in 
water,  separates  u  a  white  powder  when  the  solution,  aAw  erapontion  to  a  lyrup,  ia 
diluted  with  water ;  while  the  other,  difittan,  remains  in  solBtiou.  but  may  M  preci- 
pitated by  alcohol.  The  latter  is  formed  in  fur  the  larger  quantity.  The  compoaitioa 
of  these  boiUea  is  not  accuntely  established:  Scblieper  lasigns  lo  the  former  the  fi>r- 
mnla  O'H'N'O'.  to  the  Utter,  C'H'tPOl  or  CH'N'O'.  Schlieper  states  that  a  Ihirl 
substance  ia  also  formed,  salable  in  water  and  alcohol,  with  the  formula  (7H*NH>\ 
The  alcoholic  aolntionof  alloxanicodd  ia  not  decomposed  by  boiling.  Altoxaitalea  ale 
decomposed  t>y  boiling  with  water  into  mesoiolato  and  urea : 

C'H'NK)*  +  HK)  -  CffO"  +  CH'NK) 
S.  When  heated  with  nitric  acid,  allozanic  acid  ia  decompoaed  into  pwabanie  acid 
and  carbonic  anhydride : 

CHTSW  +  0  -  (WIW  +  CO'  +  HK). 
3.  Alloianate  of  potinsiam  gives  a  darii  blue  precipitate  with  ferrons-salta   (S^v 

Alloianic  acid  is  not  deeompwcd  by  su1)ihur<'tted  hydnigsn,  or  by  boiling  with 
bichromat*  of  potossiom  or  tetmchloride  of  platjonm. 

Ai'TOrdinglo  Gmcliji,  the  compnund  described  by  Vauqnelin  (Mim.da,  Mua.  ni. 
■^33)  by  tlic  names  mi'U p<irp«Tmiu  hitxnc  or  uriqtte  laroxigenie  (oruric  acid)  ia  to  be 
reganled  as  impure  alloiunic  acii  —  F.  T.  C. 


(Uroxin.)     CH'NHJ'  +  SH^i  . 

/fi>iofy.  — Probably  first  noticed  by  Front  ;llrat  described  by  LiebigaodWoMer 
inlBaS;  (nrtherexaminedbyFritiiohe,  who  called  it  uroriii  ^J.  pr.  Cnem.xiT.  2S7). 

Formation  and  prnaratlan. — Alloiantin  ia  formed  In  Tanous  leoctiona.  1.  ^ 
ih*  action  of  warm  dilute  nitric  acid  on  me  acii  —2.  By  the  action  of  electrolyna.  or 
of  reducing  agents  on  alloian.  or  by  hasting  it  with  water  or  diiote  aulphune  acid 
|9Pe  Aixoiab)  ;  also  by  diasolTing  alloian  in  disluric  acid. — 3.  By  heating  dialnrmmid* 
(uramil)  with  dilnta  sulphuric  or  hydrochloric  add,  or  thionnnte  of  ammoniuin  willi 
s  large  qnantity  of  dilate  Bolphnric  add. — i.  By  the  action  of  theairon  dialuric  acid. 
— B,  In  the  decomposition  of  caffeine  by  chlorinB.     (Rofhleder.) 

The  following  are  the  most  usual  processes  for  the  preparation  of  alloxanlin. 
1.  Dry  uric  add  is  added  gradually  to  warm,  Tery  dilule,  nitric  acid,  as  long  aa  ii  u 
dissolved,  and  the  solntion  OTaporated  till  it  haa  an  onion-red  colour;  or  diiote  nuric 
add  is  added  to  1  pt  uric  add  in  33  pts.  water,  till  all  is  dissolved,  nnd  the  solution 
eraporated  to  two-tftirds ;  the  crTstala  obtained  in  either  case  are  pnrilied  by  rc-eryt- 
lalluation  from  hot  water.— 2.  Sulphurettod  hydrogen  is  passed  through  an  aqncoos 
Bolntion  of  aUoian.  till  a  crrstalline  magma  forms ;  this  is  dissolved  by  beat  tiip  pr<f- 
dpilated  sulphur  filtered  off  hot,  and  the  filtnile  crystallisod.— 3.  A  solution  of  alloxan 
in  djnte  Bulptmric  afid  is  healed  for  a  few  minurcii,  when  il  becomBa  turbid,  and  dt^ 
posits  crystals  of  alloiantin  on  cooling.— 1.  Itiuliinile  of  ammonium  is  ornporalcd  at 


ALLOXANTIN— ALLYL. 


(?H'N'0'  +  HH'Q  -  CH-NM)'  +  CH'jnO*  +  HCL 


Acelate  or  ozalile  of  unmoniuin  >ctB  like  the  dileride. 

8.  When  kqueons  sUmuntin  is  heated  iritb  oxide  of  *ih<r,  cwbonie  mli]nlnde  w 
eTolTed,  sUtbc  reduced,  and  oxtJurats  of  eilrer  formed : 

CH'N'O'  +  tAgK)  +  S'O  -  aCH'iigfPO*  +  SCO"  +  SAg. 


From  Ditnte  of  Bilver.  iHozuntiD  predpitatea  metallic  eilTer :  the  filtrate  giTca  m 
white  precipitate  with  biryta-water.  Aqueous  alloiantin  dissolyei  mercorie  oiide 
witli  evolution  of  gas,  pcobahlT  forming  mereuroua  illoianate.  By  peroxide  of  le»J 
dloxantin  is  conrerted  like  nUoiun.  —  9.  Aqoeons  allouudn  is  decompoand  by  bog 
keeping,  ereu  out  of  contact  with  air,  and  is  conTertcd  into  aJloinntc  act d.  (Qregorj.) 
TrtramiiAsl-Alloiantin,  C"H"N'0«  =  C'<CH')*N'0'  +  H"0.— This  eompoai- 

Oerhardt  to  a  product  of  the  Mtioa  uf  chlorine  on  caAcino,  djseo- 

er  (Ann.  Ch.Pharm.  lixi.  1},  sleo  cMedAiuilkmidiq.  v.y-F.T.C. 
■e  NxTALa.) 


(Sea  Tbitotuhi.) 

AKKTI.  Aeryl,  Pmpvlmyl.  CH*.— Bert  he  lot  asd  De  Lnca  in  ]S51  (Ann. 
Ch.  Ph;B.  [31  xliii.  Wl),  %  acting  on  Blyoerin  with  kdine  and  pholphonu,  obtained 
the  compound  C'H*I,  whichthej  regarded  as  wfefrtfy^t,  that  ia  to  ssy,  tritrlenc^  C7H*, 
liBving  I  at.  H  replaced  bj  iodine,  but  which  is  now  nther  regarded  as  Qie  iodide 
of  the  radicle  allvL  Zinin,  in  186fi  (Ann,  Ch.  Phann.  xct.  128)  by  acting  on  Uiia 
iodide  with  aulphocjanate  of  potassium,  obtained  a  Tolatile  oil.  the  lulphocyanate  of 
tillyl,  CH'.CjS,  identical  with  Tolalile  oil  of  musUrd,  and  aflerwaida  (Ann.  Ch. 
Phirm.  icvi  3S1)  prepared  the  l>enzoalc,  acetate,  lie.  of  the  samp  seriei.  Hofma  on 
nndCshoura,  in  1866  (CompL  rend.  ilii.!lT:  more  fully,  PhiL  Traaa   1867, 


same  year  isolated  the  radical  ullyl.  and  prepared  the  diliromiile  and  diniodide.  The 
existence  Of  this  radicle  in  the  oils  of  mustard  and  garlic  was  first  detnoostnited 
by  Wertheim.     (Ann.  Ch.  Pharm.  li.  289;  Iv.  297.) 

Ally!  is  the  third  term  in  the  series  of  homologous  radicles  C*!!*-'.  lim'I  C^* 
being  the  second;  it  is  the  only  radicle  of  the  srriea  that  has  yet  been  IsotateiL 

aBtI,  in  the  (rm  state,  CH"  =  CH'.CH'.  is  oljtaincd  liy  decomposing  the  iodidct 
<?H*I.  with  sodinni  at  a  gentle  heat,  and  sflcrwsrds  distilhng  the  liquid  prodnet.  It 
is  a  very  Tolstlle  liquid  having  a  peculiar  punj^cnt.  ethereal  odour,  somewhat  like  that 
of  horse-radish.  Specific  gravity  0684  at  14.  Boila  at  fi9°  C.  Vapour-density  by  vx- 
|*riment  2-B2 .  by  calculation  &om  the  formula  CH"  (2  vol.)  289.  AUyl  ia  bnt 
little  attacked  by  strong  sulphuHc  acid.  Fuming  nitric  acid  changes  it  into  a  oeotral 
liquid  nitro-componnd,  soluble  in  ether  and  decomposed  by  heat  Chlorine  actx 
strongly  upon  it,  hydrochloric  acid  being  evolved  and  a  liquid  eompcnuid  ftormed 
lieavier  tian  water.  Bromine  and  iodine  unite  directly  with  it,  forming  the  com- 
ponnda  CH'Er"  and  CH*I'.    (Berthelot  and  De  Lnca.) 

AlKTZ-AlOOHOb     Hydralt  of  JHyl,  CHK)  -  ^'1 0.—Prcpind  by  til* 
action  of  ammonia  on  oialate  of  allyl,  oiunide  being  formed  at  the  same  time : 
(CO')-(CH|)K)'  -f  aUH"  -  2(CH*.H.O)  t  M'.(OK)^'.B'. 
OialiUDfillil.  Allil-akoboL  Oiuitd*. 

Dry  gaaeoiu  anunoniais  passed  into  oxalate  of  alljl  till  the  whole  is  conveited  Into  • 
solid  muss  of  oiamide  sntnrated  with  altyl-slcohoL  The  latter  is  then  distilled  off  in 
a  hath  of  ddoride  of  calcium,  and  rectified  over  anhydrous  sulphate  of  eoppet.  The 
sicohol  appears  also  to  be  produced  by  distilling  benzoate  or  acetate  of  allyl  with 
potash  (Zinin,  Ann.  Ch.  Pharm.  xcvi  36j).  It  is  a  colourless  liquid,  haring  a 
pungent  but  not  unpleasant  odour,  and  a  spiiiluoas  burning  taste.  It  mixes  in  sll  pro- 
portions with  water,  common  alcohol,  and  ether.  It  bums  with  a  brighter  fluoe  than 
common  alcohol.  Boiling-point  103°  C*  It  gave  by  analysis,  62-OS  per  cent.  C  and 
10-43  H,  the  formula  CH*0  requiring  62'07  C,  10-3*  H,  and  a7'fi  9  O. 

■nen  tenenlli  ob,«'Ted  fn  uiilOfDui  (tbrl  ud  alljl-«>iB|M>uiidi.  (HoraiDDj 


ALLYL-COMPOUNDS. 

CUorotrilglenr,  C"H^  ii  obtained  like  th»  bro. 
" '  og  chlorida 

^.    _, , .__    ,  „  ,  .   ,  1  »]TOholii; 

pnlaih.     The  lait  niCDtionfd  componnd  treated  with  excen  of  clilorine  j'yeiAt  ntMti> 
lutioD-producU  ■imilar  to  those  obtained  viEli  the  bmniide.     (See  Tbitilim.) 

MlXtl.  BT9XXDB  or,  (7H*  -  l?H'.H.— Tiitjlens  at  ^romXtatt,  tlu  third 
tetm  in  the  seTie*  of  hj-drocaihoiu  OH**,  u  perhape  the  hjdride  of  allyL 
AUTX,  SDSXSaa  or.    The  nonoiodide  (iodatri^leoe)  CH^I,  ia  obl4iaed 

Inr  dintilliTig  gtyceriD  at  a  gentle  heat  with  diniodide  of  phoaphonu  ; 

ICEK"  +  aPP  -  2(?H»I  +  PH)'  +  sa-O  +  3L 

A  qnantity  of  tritylene-gu  ii  giren  oS,  doe  to  a  aaoandur  actian,  and  a  mizlnre  of 
oiygen-acida  of  pboaphonu  with  iodine  and  nndeeempoaed  gljeerin  remaiiu  io  the 
retort.  Tri-iodide  of  phoRihonu  ma;  alao  be  oied,  bat  the  eetion  i*  Icaa  rngnlar. 
The  diitillate  ii  purified  by  reclifioition,  the  portion  which  paM«a  orer  at  100°  C 
being  collwted  apart  (Bertttelot  and  De  Laca).  Iodide  of  al!;lia  also  produced  bj 
the  action  of  iodine  and  phoaphonu  on  alljl-alcohoL    (Hofmann  and  Cahonre.) 

When  first  prepared,  it  ia  coloorleei,  and  haa  an  etheml  alliaceooa  odour ;  bnt  by 
the  Bctlon  of  uir  and  light,  it  becomea  roloured  and  then  sirea  oiF  irritating  Tapoora 
Specific  giBvitT  1'789  at  160°  C.  Boiling-point  101°.  ft  ia  inwinble  in  water.  Imt 
diwolves  in  alcohol  and  ether.  By  the  action  of  sine  or  mercniT,  and  bjdrochlorie 
or  dilute  anlphuric  acid,  it  ia  eonrerUd  into  tritjtene  (hydride  of  aJljl) : 


Iodide  of  allyl  ia  decompoaed  by  ailTer-aalta,  iodide  of  silrn  being  fanned,  and  the 
acid  nidide  bcini;  transferred  to  the  allyl. 

Diniodide  of  AUgl.  C'H*I'.  —  Obtained  by  diiaolring  B  or  7  pts.  of  iodine  in 
1  pt.  of  allyl  at  a  gentle  heat  The  mixtnie,  which  istiqnidatflnt,  BOlidifi«aflerafnr 
hiinates ;  and  by  triturating  the  maaa  vith  aqoeons  polaah,  thea  dignting  in  boiling 
ether,  and  eraponting  the  ethereal  solnlion.  the  diniodide  of  allyl  is  obtained  in  the 
crystalline  fbnn.  It  is  deeompoeed  by  distillation,  yielding  iodine  and  a  ncatnu 
liquiiL  It  ia  acarcel;  attacked  try  a^oeooa  potaah ;  bnt  alcoholic  potaah  dceomposea 
it,  producing  a  liqnid  which  amelli  Lke  allyt  It  ii  not  acted  npon  by  mercnry  aud 
hydrocMaric  acid.    (Berthelot  and  De  Lnca.) 

ladidi  of  Mrrcurallyl,  C  H'Hg'I,  ia  obtained  by  agitating  iodide  of  ally]  with 
metallic  mercury.  On  crystallising  the  rriulting  yellow  mass  from  a  boiling  nuxtoiv 
of  aln>bol  and  ether,  nacreous  scales  are  formed,  which  turn  yellow  when  eipoaed  tn 
light,  eepcctallj  if  moist.  I'h^  dissolve  but  eparinglj  in  cold  alcobo),  and  are  nearly 
insolnble  in  boiling  alcohol  Heated  to  100°  G.  they  sublime  in  liiombie  plates ;  at 
135°  they  m^t,  and  solidify  in  a  crystilLne  mass  on  eooling.  When  quickly  heated, 
tbcy  decornpoae,  yielding  a  yellnw  Bublimate  and  a  CBTbonaceons  raidna.  Th«  aleo- 
holiG  solution  tieated  with  taXia  of  ailTcr,  yields  a  strongly  alkaline  liqnid.  whirh 
when  eraporatad  leaves  a  syrupy  maaa,  probably  coniiating  of  hydrate  of  mercimitlyl. 
(Zinin.) 

AUiT^  ozzm  or.  Anglic  tlhcr,  (CH'jK).  ia  produced  by  the  aetioii  of  iodiil* 
of  allyl  on  allyUte  of  potassium ; 

(?H'KO  +  CH'I  -  KI  +  (CH')K); 
»T«n  by  the  action  of  oxide  of  eilTcr  or  oxide  of  mercoiy  on  iodide  of  alljl : 

2C"H'I  +  AgfO  -  aAgI  +  {(?K'fO. 
A  body  having  the  same  compoaitjon  was  obtained  WWertbeim  {Ann,  Cb.  Vhtm. 
Ii.  809  ;  1*.  297),  bv  acting  on  oil  of  garlic.  ((?H')^  with  nitrate  of  silver,  and  din- 
tilling  the  erjstaUine  product  thereby  produced;'  also  by  healing  oil  of  mu.'-lji'I 
(■nlpbaqranstA  of  allyl),  with  filed  alkalis,  r.  g.  with  soda-hme. 

Oxide  of  jlyl  is  a  colourless  liquid,  lighter  than  water,  and  iii»oluMe  in  wat/r. 
ItboilsatB2°C.  (Hofmann  and  Ca hours);  between  8 0°  and  87°  C,  (Berth p- 
lot  and  De  Luca).  It  fbrms  with  nilphnTic  and  a  conjogatcd  acid  yielding  > 
•olnbla  barium-salt.  Nitric  acid  converts  it  into  a  nilro-compcmnd  heavier  than 
water.    With  iodide  of  phosphoms,  it  yields  iodide  of  allyt.    Heated  with  butyric 
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[fi.  or  Triallylin.  C'<H»0-  -  ^^}y\  C— Iodid» 
gljraam  Tielda  this  eomtMond  in  the  fonn  of  ■  liqoid, 
ler,  and  hsving  a  disa^eeabls  odour.    (Berthelot 

3(?H*I  -  SHI  +  ((?H')-.(CH*>'0'. 
nolecnle  of  wuler  Et}*,  in  vhich  3  at.  H  an  replaced 
y\  and  tiie  other  thiea  bj  3  at.  of  tha  monatomio 

M  or.    Acetate,  oxalate,  snlphate,  ftc     (See  tlw 


■  K-S  -  2KI  1-  (C"H')'3, 


ibtainrd  trom  the  bulbs  of  f^lic  {AlUum  talimem), 
.  in  the  pure  state  bj  Wertheim  in  1EM4;  and  it 
jf  onions  (^aiumwpa).  It  occurj  alio,  tegether  with 
(Bulphoojanale  of  allyl),  in  the  herb  and  >eeds  of 
f  hen  these  matten  are  bruieed  vith  water  and  dia- 
ficinalii  dietilled  with  water  yield  oil  of  garlic  ;  tlie 
theim).  The  bruised  seed  distilled  after mace^lI Ion 
percent-oilof  garlic,  and  90  oil  of  muBtard;  but  (lie 
leldi  ool^  the  latter.  The  herb  and  seeils  of  TUatpi 
reent.  oil  of  ^lic,  and  10  oil  of  mustard.  The  herb 
•e  yield  a  mixtnre  of  the  two  oils ;  and  very  small 
are  obtained  ^m  the  aeeda  of  CapntUa  Buna  F<u- 
,  and  Suymbrium  Satturtium.     (Pleas,  Ana.  Ch. 


,mple,  the  oils  do  not  exist  ready  ibrmed ;  the  sceds^ 
ised,  asd  if  before  distillation  with  water,  they  are 
h  alcohol,  no  oil  pasua  over ;  and  if  the  seed  b«  ei- 
Ltcate  etapatated,  there  remains  a  ciyetalline  residue 
I  triturated  with  water  and  with  the  seed  of  SiiurpiM 
lie,  but  oi!  of  mustaid.    (Pleas,  Ann,  Ch.  Fhann. 


alline  deposit  of  iodide  of  potassium  being  formed, 
e  liqaid  is  mixed  with  a  slight  eii-ess  of  sulphide  of 
,  and  the  oil  which  rises  ta  the  surface  is  rectifled. 
:  oil  ia  obtained  by  distilling  bruised  garlic-bulbs  vith 
passes  oyer  with  the  first  portions  of  water,  the  pro- 
im  100  pounds  of  the  bulbs.  The  milky  water  which 
mtaini  a  large  qnantity  of  oil  in  solution,  and  sen'cs 
crude  oil  ia  heavier  than  water,  of  dark  browni^h- 
Itetue  odooi  of  garlic.  It  decomposes  at  140°  C. ; 
'  its  boiling-point,  which  is  IGO°,  becoming  suddenly 
■knr,  and  giving  off  intolerably  stinking  vapoun, 
lie  oil ;  tha  reaidue  ia  a  black-brown  glatinona  mass. 

n/.— The  cmde  oil  is  distilled  in  a  aatt-bath  (in  the 
>wer)  Bi  long  aa  anything  passes  over.  One-third  of 
I  ■  thick  duk-biown  residue.  The  rectified  oil  !■ 
tie  yellow  coloui;  or  after  two  distillations,  colourless, 
though  leas  oS^nsire.  Boca  not  erolre  a  bace  of 
hydnte  of  potash.  It  cotftb  potassium  with  t,  lirer- 
taasiiun,  depositing  an  organic  Eubatanc,  and  givin*; 
deh  buTDB  with  a  fole  blue  Game.    With  fining  nitric 
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uid,  oil  of  Titriol.  hvitroeliloric  acdd  gaa,  dilato  aciila  and  alluUu,  cornMiTe  mblimate, 
nitrale  of  silver,  bicUoride  of  platiiiam  and  oitnU  of  pallidiuin.  it  bcliuTet  like  pore 
■ulphide  of  alljL  Even  after  being  oevenJ  times  rectifled  and  dried  with  chlorids  of 
calciam,  it  exhibita  a  variable  compoeitioa  and  a  certain  amouiit  of  oijgcn,  and 
must  therefote  ooatain,  l)eiid«i  eulpUde  of  all^l,  an  OxjgCD  compouail,  probably 
oxide  of  hUtI,  the  presence  of  vhicb  ia  indeed  indicated  by  the  naction  with  potasiriiun. 
(Wertheim.) 

Preparation  offvre  Oil  of  Garlic  or  Sulphide  o/Mlvl.—The  rectified  oil  ii  a^ 
rectified  aemal  tiinea  ;  dehydrated  orer  chloride  of  euoiniu ;  decanted ;  a  f^  pieci 


laa  eeaaed,  (hp  oil  ia  qoicUy  distilled  off  &om  the  residue.  The  rectified  oil  ippean 
to  contain  oxide  as  veil  as  sulfihide  of  alljl,  tc^elher  with  eicMS  of  sulpbnr,  these 
impurities  either  pre-existing  in  the  crude  oil,  or  being  formed  fn>m  sulphide  rif  alljl 
by  the  action  of  atmospheric  oijgen,  that  portion  of  the  snlphide  which  talui  np  tbe 
oxygen,  giving  np  its  sulphur  to  the  mt.  If  the  potassium  be  not  suffered  to 
cooipleta  its  action  before  the  liquid  ia  distilled.  It  merely  removes  the  excess  of 
sulphur,  but  does  not  decompose  the  oxide  of  allyl,  ssd  a  ^tillate  is  oblaiocd.  con- 
taining from  as  n  to  ei-76  per  cent  C,  and  9-22  to  9-16  H.     (Wortheim.) 

Pr^trtin. —  Colourless  oil,  of  great  refracting  power,  and  lighter  than  watpr. 
Boils  at  H0°  C.  May  be  distilled  without  decomposition.  Smells  like  the  crude  oil 
but  less  disagreeably.     It  dissolves  sparingly  in  w^er,  readily  in  alcohol  and  ether 

ec   . 
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Deampotiiioni.—l.  Sulphide  of  allyl  diaiolvea  with  Tiolent  action  in  faming  nitrie 
acid;  the  solution  when  dilated  with  water,  depoeita  yellowiah-while  flakn,  and  ia 
fonod  to  contain  oxalic  and  snlphnric  acids;  according  to  Hlasiweti  (J  pr.  Chem. 
Ii.  3SS)  oil  of  garlic  treated  with  nitric  acid,  yields  formic  and  oxalic  acids. — 2.  With 
coid  oil  of  vitriol,  it  forme  a  purple  solution,  from  which  It  is  separated  by  waCe^ 
u^porently  without  alteration. — 3.  It  absorbs  hydrochloric  aeid  gat  in  large  qoan- 
titles;  the  dcop  indigo-coloured  mixture  i>ecomes  gradually  decolorised  on  exposors 
to  the  air,  and  immedialelj  if  gently  healed  or  diluted  with  water.— 4.  From  nilnlt 
of  eilorr,  it  throws  down  a  largo  quantity  of  sulphide  of  silver,  whilst  nitrate  of  silver 
and  allyl  remains  in  solution  (Wertbelm).  It  ia  not  altei«d  by  dilute  acids  or 
nlkalii,  or  b;  potassium. 

CoiuJiinatioia. — Sulphide  of  allyl  does  not  precipitate  the  aqueoos  or  alcoholic  aolo- 
tions  of  acetate  of  nitrate  of  lead,  or  acetate  of  copper ;  neither  does  it  precipitate  the 
solution  of  orsenioDS  or  anenic  acid  In  sqncous  sulphide  of  ammonium. 

With  solutions  of  gold,  mercury,  palladium,  plaiimim,  and  tdtitr,  it  forms  predpi- 


with  a  doable  cl 

Gold-prtcipitate. — Sulphide  of  *Jlyl  forms  with  aqneons  trichloride  of  gold,  a  branti- 
fiil  yellow  precipitate,  whichresemblestheplatinum-preclpiliite,  but  soon  cakes  together 
in  resinous  maaaes.  and  becomes  covered  with  Hlms  of  gold. 

—  AkohoUc  solutions  of  oil  of  garlic  and  c 


e  sublimate 


Mercuri/ 

rially  if  diluted  with  water,  increases  to  a  still  greater  qoantlty.  It  is  a  mixture  of 
Ihc  compounds  a  and  b,  which  nuy  be  spparated  by  continued  boiling  with  atraug 
ilcohoL  only  the  compound  a  being  soluble  therein.     (Wertbelm.) 

a.  The  ^eohotic  filtntte,  when  left  to  itself  or  evaporated  with  water,  and  nft'-r 
TMsliing  and  drying,  yields  a  white  powder,  agreoiufr  in  eomposltion  with  the  formula 
.^H')'S.2Hg'.'?.2(f'H'a-Hg"Cl').or2(t.''ll')'S.HB"f.3Hg"n'("nal,  lO'SlC.  I'fll  U, 

>3-67Hg.  and  16-11  tl  :-calc  11-32  C.  1-S7  H,  m-il  Hg,  and  16-70  Cl).  ItWackrtii, 
superficially  on  exposure  to  the  sun;  when  heated,  it  givea  off  vapoum  smetlirn;  liks 
onions.and  yields  a  sublioiale  of  calomel  and  mercury.  When  immersed  in  moderately 
strong  potaah-ley,  it  acquires  a  light  yellow  colour  from  separutinn  of  oxide  of  mercuij ; 
If  this  oiide  be  then  removed  by  dilute  nitric  acid,  there  remains  a  white  substance, 

probably  =  (CH')»S.2Hg"S.     When   distil *  ' 

yields  oil  of  mustard,  together  with  other  pi 

■olves  but  spiirlngly  In  alcohol  and  ether.     (Wertheiin-j 

b.  The  pintion  ixT  the  mercui^-precipitate  insolnble  in  hot  alcohol  contain*  the  ■ 
roust  itaenta,  and  has  the  carbon  and  hydrogen  likewise  in  the  ratio  of  t :  fi  at^  bu 
much  richer  in  mercoiy.    (Wertheim.) 


a   distilled  with  sulphocyanate  of  potosslani,    it 
Qther  prodncts.    It  is  insoluhla  in  water,  and  di»> 


</  AUyl,  Carionyl,  and  Hsdrogm,  CH'S'O  -  B*}^'^^.— Wlm  •Ujl-sleohol  ii 
tmted  with  potub  and  diialphide  of  cubon.  ■  nit  ia  fmned.  vbieh  oyitalliM*  in 
jellow  Deedlei  like  xantbate  of  poUMlnm.     (HofmsDD  and  CahoQri.) 

A&KTb«nnnTBZO  AOZn.  C^\B..m*.—SidphiUofMi^MdEgilrtgat. 
(8m  SimpHuaic  Ethub.) 

AXXTZr-UXSA.     (See  CuBumn.) 

AXSiT&axxn.    CVm  -  N.H'.(C^'),  i^  obtained  b7  the  leticiD  of  uiinioiiia 
OB  iodide  <tf  alljl,  or  b;  boiling  ejtuttt  of  alljrl  with  ebong  aqnaoai  poluh. 
CNO.CH'  +  2KH0  -  CCK*  +  N.H\C»H'). 

If  the  alkaline  diitillBte  b«  condeoMid  in  hjrdrochlorie  acid,  a  raUiie  nam  il  obtuned, 
vfaieh  when  diatilled  with  potasb,  jieldi.  unong  otherprodacta.  a  base  oil  haTing  the 
•ompontion  of  alljlamine.  The  pUtiDom-salt,  CH'N.BCLPtCI',  lepanted  bom 
■olation  by  slow  vrapotation  tonat  magnifleect  cijEtal& 

DlAUTunm.  (?H"N  —  H.H.ICH*)',  ie  fonned,  together  with  other  prodnrt*,  by 
the  action  of  iodide  of  alljl  on  allylamine. 

DiBBOitAij.Ti.unin,  CH^r^  =  H.H.((7HfBr)'.— Produced  by  the  action  of  am- 
monia on  tribrDmide  of  allyl  (p.  lil). 

aC^-Bi*  +  SHH*  =  CffBiT*  +  4NH<Br. 
1  to},  tribromide  of  allyl  ia  mixed  with  sboat  6  toL  of  a  aolntion  of  ammonia  in  weak 
alcohol,  and  heated  to  100°  C.  in  sealed  tnbea  for  10  or  12  bonn ;  the  liqaid  ie  thea 
Altered  &om  the  erparatcd  bromide  of  unmoniam,  and  the  fillnte  mixed  with  a  Urge 

Soantitf  of  water,  whereupon  it  become*  torbid,  and  depoaits  dibromallylamine  in  the 
>rm  of  a  hesTj  oil,  which  may  be  pnrifled  by  diuolTing  it  in  hydrochloric  acid,  fvs- 
poruting  to  drjneae  at  100°  C,  redissolTing  in  water,  filtering  to  lepirate  a  aniall 
quantity  of  oil,  again  enporating,  and  treating  the  rvsidae  with  ether,  in  which  tJie 
hydrochloTBte  is  nearly  insoluble.  Froin  the  salt  tbua  purified,  the  bate  ia  iv^uriili-d 
by  diatillation  with  potnah.  It  is  alkaline  to  test-paper,  and  forma  a  dond  with 
hydrochloric  acid :  it  la  however  bnt  a  weak  base,  iacspable  of  decomposing  tlie  saltH 
of  copper  or  BilTcr.  It  cannot  be  distilled  without  alteration.  It  u  bat  apuingly 
■olnble  in  water,  but  diaeolres  readily  in  alcohol  and  in  aeido.  It  haa  a  peculiar  awert 
and  aromatic  teste.  It  doea  not  show  much  tendeii<7  to  form  cryslalliBable  saJL^, 
The  mlphttU  forms  a  gummy  mosa,^ — ^The  hTdrochlonite  is  a  yellowish  aalt  eaailj 
Bolable  in  water  and  alcohol,  sparingly  in  ether.  It  testae  like  the  base  itseIC  1 1 
asnunee  a  darker  colonr  at  100°  C.  and  anblimes  partially  at  160°.  On  adding  nitratr 
of  silver  lo  the  aqneous  solation,  the  whole  of  the  chlorine  is  precipitated  as  chtoridi'  of 
•ilTBr.botthebromineremiona  in  solution.  ThocWiTi5>ia(i>ioie,2(C*H*BrfN.HCIJJlCl' 
ia  an  orang»«Dloared  precipitate  nearly  insalnble  in  absoluU  alcohoi.  Alcoholic  aolo- 
tiona  of  dibromsllylamine  and  chloride  of  mercory  form,  when  mixad,  a  copiooa  whit* 
precipitate.     (Maxwell  Simpson,  Phil.  Mag.  [4]  iri.  267.) 

EiksldUironuiHytamine,  C"If"Br»N  -  N.C"H',((>H'Br>'.  —  Obtained  by  euclmine 
dibromallylamine  with  a  large  excess  of  iodide  of  etW  in  a  sealed  tube,  and  heatiTi;:; 
the  miilure  to  100°  C.  for  a  considerable  time,  ^e  eicoss  of  iodide  of  ethyl  in 
then  distilled  0^  and  the  remaining  hydriodate  of  ethTlbibromallylamiue  ia  disaakeil 
in  water  and  disdEed  with  potash.  It  haa  a  very  bitter  and  pungent  taste,  smells 
like  nutmeg,  ia  insoluble  in  water,  solnble  in  acid^  and  alkaline  to  test-paper.  It  in 
a  stronger  base  than  dibromallylamine,  and  precdpitalea  oxide  of  copper  &om  ruprif 
Baits.   (SimpaoD.) 

TniiLLTLiiiii™,  CH'II  ■-  N.((?H')',  it  formed  by  the  destrocliTo  distillation  of 
hydrate  of  tetrallylinm. 

TsTuixTuuii,  C"H*V  —  N((?H')*.— The  iodide  of  Ibis  base  ia  the  chief  prodact 
of  the  action  of  ammonia  on  iodide  of  allyL  The  action  takes  place  without  the  aid 
of  heat,  a  large  qoanti^  of  the  iodide  dissolring  after  a  few  days'  coatact;  theaolutiika 
afterwards  deposila  splendid  crystals  of  the  iodide,  and  sometimes  become*  a  solid 
roaas.  The  sqiaration  of  the  ciystals  may  be  accelerated  by  adding  a  strong  solution 
of  potash,  in  which  the  iodide  is  completely  insoluble.  The  iodide  is  purifipd  \n  ei- 
pOBing  it  to  the  air  till  the  potash  is  converted  into  rsrbonale,  and  then  nrciTstallisii.j 
from  absolute  alcohol  Trrated  with  oxide  of  silver,  it  yields  the  hydrated  oiidr  I'f 
tetrallvlium,  and  the  solution  of  this  oiide  mixed  with  hydrochloric  acid  aod  1m- 
ehloride  of  platinum,  forms  a  yellow  salt  containing  S(CH')'Cl,PtCa'. 

Tttrallt/laTionivTn,  As(C"H')'.— When   iodide  of  alljl  is  digested  wilh   ni^'nirt-  -.f 


].(8  ALOKTIC  ACID  — ALOUCHI. 

•Mm,  Thieh  ia  coatained  in  it,  and  may  be  cztnctcd  in  ■  state  of  pnritj  ttoa  Btf> 
bkdoM  aloa. 

AKOarxO  AGIB.  (TE'NK)*?  Felyciromie  Aeid.  Artificial  BUUr  ef  Mou.— 
frodnced  by  tli«  ai^n  of  nitria  a>nd  npon  aloea,  etuTMrnmifl  tai  lieing  formed  at 
the  lame  tune  (Schnnek,  Ann.  Ch.  Fhrnrm.  xnix.  2i ;  lir.  SSS;  Q.T  V uldet, 
J.  pr.  Cbem.  xlviii,  89).  1  part  of  aloes  U  gently  hnt«d  irith  8  pb.  of  modsstrly 
■tzong  nitric  and  till  gaa  begrni  to  escape ;  the  Twel  ia  tbea  irnioved  from  tlie  fire, 
and  as  soon  aa  the  diaengagement  of  gaa  eeaaea.  tfae  aotution  ii  eonc^tratcd  bj  eri' 
poration,  till  a  yellov  povder  trpu«t«,  the  quantity  of  frhich  maj  be  increaaed  hr 
addition  of  vater.  Tb«  sloetic  add  ia  lepanted  from  the  ohiyaanimic  acid  in  tlu« 
powder  by  treatment  irith  boihng  alcohol,  which  disaolTea  the  aloetic  acid ;  aci]  M 
eraporating  the  aolntion,  the  add  ia  obtained  in  the  fonn  of  an  orange-yeUoir  powder 
having  a  bitter  tiwta.  It  ia  but  alightly  aolabte  in  water,  bnt  divolrea  mora  freely  in 
boiling  water,  forming  a  solution  of  a  splendid  purple  oolovr.  which  ii  ehanged  to 
yellow  by  nilnc  acid,  bnt  restored  by  alkalies.     It  is  diasolfed  by  ammonia,  piMasli. 


Ill  soda,  forming  purple  salationa.  Strong  nitric  add  eoDTerla  it  into  ehiyaami 
add.  It  is  monobasic.  The  Aanutn-salt,  (J'*H*Ba'N'0",  is  a  brawn-red  oeuly  In- 
soluble povder,  obtained  by  precipitating  the  aqueona  add  vith  acetate  of  barium. 
The  poUunum-aaK  sepaislea  by  slow  eTaporstion  is  cr^atala  of  a  fine  mby  colour, 
Aocordil^  to  Schunck,  Ibe  formula  of  aloetjc  acid  ii  C'*ffilO";  according  t» 
Haider  CS'JS'O".  Ancording  to  the  formula  abors  giTSB,  it  is  iaomssic  with 
dinitrobenmic  acid. 

The  alcoholic  mother-liquor  obtained  in  the  preparatioD  above  described  contains 
another  add  called  AloerriK  add,  CHK)If*7  which,  accordingto  Holder,  j*  the  fltrl 
product  of  the  action  of  nitric  add  on  alon.  It  is  srpaiated  by  neutralising  with 
chalk,  mixing  the  filtrate  with  acetate  of  lead,  decomposing  tbe  lead-predpitate  with 
by drosulptiuric  add,  and  evaporating.  It  is  a  brown  amorphous  mass,  which  whpn 
boiled  with  nitric  add  ia  couTerted  Brat  into  sJoetic,  then  int«  ehtyaammic  acid. 
(Holder.) 

The  name  aloeretic  acid  is  also  applied  by  Schunck  to  an  acid  produced  by  the  artioD 
of  alkalis  on  chiysammic  add,  and  called  by  Mulder  ckrytatrU  acid  (which  spe). 

AKOnt.  C"I1"0*.— A  cryaiallina  bitter  principle  obtained  from  akwa;  alio 
dltediliftfro/aJwj;  discover*^  by  T.  and  H.  Smith  (Chem.  Oai.  18SI,  p.  IDT).  It 
is  prepuced  by  mixing  Barbodoes  aloes  with  sand,  to  prevent  a^lometation,  tiMtiug 
it  scTeral  times  with  cold  water,  and  evaporating  t^e  aqueoos  extract  in  vacuo  to  the 
Conaialence  of  a  syrup.  It  then  sepaiatea  in  small  ciystals.  The  solution  must  not  be 
hotted  to  the  boi bug-point,  since  aloin  undergoes  alteration  at  100°  C 

According  to  Dr.  Stenhonae  (PhiL  Hag.  [3]  xixviL  481),  the  Cape  and  .Sonitriii 
aloes  contain  Urge  quantities  of  foreign  matters  which  prevent  the  OTatallisatioa  o( 
the  aloinj  he  ho*  suceeeded  in  isolating  the  ah^  only  by  operating  on  tbeBarbadon 

Pure  aloin  separates  from  an  alcoholic  wlution,  in  the  form  of  small  priamntic 
needles,  gronped  in  stars,  of  a  pale  yellow  colour.  Its  taste  ia  at  first  tweet,  tliea 
extremely  bitter.  It  ii  much  more  purgative  than  aloes  ttael£  Id  the  oold,  it  ia  but 
alightly  soluble  in  water  and  alcohol,  but  diisolvei  better  when  hot ;  the  eolations 
aieyeUoir  and  neutral  to  test-paper.  Dried  at  100°a  it  ooatains  C"H"0'. 
3^  eaustio  and  carbonated  alfoUit  dissolvs  aloin  with  a  bright  yellow  cotoor. 
By  dins&m  with  concentwted  nitrie  acid,  aloTn  ia  transformed  into  duyaammic 
acid.     CUsrau  passed  into  so  ■qneons  solatiao  of  al^  prodoces  a  bright  yellow 

"to  Bobiqnet,  C-aO'.    Solndon  of 

is  tint  paasing  rapidly  to  brown. 
u  added  in  excess  tn  ■  col ^  Bcfneoua  aolntion  of  aJoin  produces  a  yellow  pre- 
dpitate  of  bmmalinti,  C"H''Bt*0'  ?  which  dissolves  in  boiling  alcohol,  and  avpaiatr" 
in  ahining  yellow  needlea,  grouped  in  itara,  and  much  larger  Oian  the  dyetala  ol  aloin. 
It  is  leas  aoluble  in  cold  water  and  alcohol  than  aloin :  the  solationa  ara  neutral. 

dietil- 

penetnling 


precipilate,   tUi^^dl,   eontainiDg,  according  to  B 

tUondi  of  Kme  colonr*  aloin  bright  yeUow,  this  tint 

Sromiitc  added  in  excess  tn  ■  cold  aqneoua  aolntii 


AKOncil^ — C'lPO'?  An  oily linnid  obtained  in  TBry  small  i]uantity  by 
ling  aloea  with  half  its  weight  of  quick  lime^  It  is  colourlees,  has  a  sharp  penet  „ 
odour,  is  insoluble  in  water,  bnt  mixes  in  all  proportions  with  aloohol  and  ether. 
Specific  gravity  O'STT.  Boiling-point  I30°C.  By  contact  with  the  air,  or  by  the  action 
(^strong  nitrie  add  on  chlorine  water,  it  is  converted  into  a  brown-red  liquid,  heavier 
IhsD  watar,  and  having  a  very  dedded  odour  of  eastoreum.  Treated  with  oxide  of 
aopper  or  chramic  add,  it  yields  carbonic  acid,  water,  and  hydride  of  benioyL  (Bo- 
biqaat,  J.  Pharm.  [3]  x.  187  and  211.) 

AlAOCMXi  or  AXTOKX  ■— ¥l>   is  imparted  from  Madagascar,  wh««  it  !■ 


ISO  ALUMINIUM. 

the  chlorids  of  Blumtiiiam  hj  pBaiiag  chlorilM  OTec  a  red-hot  mixtdM  of  olumiiik 
Kod  eiuRO&l;  ud  Wohlcr.  io  1828  (Fogg.  Ann.  xi.  13S)  nicceeded  in  elimiiuting 
the  meUl  b;  ieiutitig  the  chloride  with  potuaiom.  It  «u  thai  obtained  in  the  farm 
of  k  grey  povder  intenoiied  with  tin-Thito  globnlea  nriniig  &om  purtial  fiuioD.  It 
hu  liitely  be«n  obtained  in  the  compact  form,  and  in  mnch  latgar  qiuDtily,  by 
H.  SuntfrClaiie  Deville  and  othvn. 

Preparation. — The  mode  of  pn>pu«tioB  now  adopted  ii  the  Nuna  in  principle  u 
that  of  Wiihler,  depending  on  the  action  of  sodiiim  at  a  red  beat  on  the  chlonde  or 
fluoride  of  aJuminiom,  or  botter.  on  the  double  chloride  or  doable  fluoride  of  alumi- 
nium and  Bodiom.  SoJium  is  used  to  effect  the  redaction  in  preference  to  potasaium, 
partly  because  it  acta  more  regularly  and  with  leu  TioleDCe,  and  pariJy  befkuse  it  ia 
more  eaaily  prepared,  and,  having  a  lower  atomic  weight  than  potsiiiam,  a  imallei 
qoantity  of  it  lufficea  for  a  given  amount  of  chemical  work. 

The  proceb  first  adopted  b;  Ueville  consisted  in  paaaing  the  Tapour  of  chloride  of 
alaminium  over  sodiam  contained  in  a  tube  of  iron  or  copper  wtiicb  «■■  kept  at  a 
dull  red  heat.  Metallic  alaminium  was  thne  obtained,  mixad  with  chloride  of  alumi- 
ninm  and  sodium.  The  lattsr  was  removed  by  washing  with  wat«r,  and  the  metallic 
gtobnlea  which  remained  were  made  to  unite  1^  heating  tbem  till  they  began  to  melt, 
and  praaing  them  together  with  a  pipe-etem.  The  mass  thai  obtained  «u  then 
remeUed  and  cast  into  bars.  Another  method  which  promised  to  yield  good  nsulta,  bat 
has  not  yet  been  perfected,  was  to  reduce  the  cWorida  of  aluminium  by  vapour  of 
■odium.  The  mixture  of  carbonic  oxide  and  aodium-vaponr  produced  by  heating  a 
mixture  of  charcoal  and  carbonate  of  aodinm  (see  Sontux)  waa  conveyed  into  a  1«^ 
earthen  crucible  by  means  of  aa  iron  tube  passing  throogh  a  hole  near  the  bottom  and 
teaching  neariy  to  the  other  side ;  and  aa  the  sodium  and  carbonic  oxide  burned  and 
thereby  heated  the  cmcible,  portions  of  chloride  of  aluminiom  were  thrown  in  from 
time  to  tome.  The  crucible  when  cold  was  broken,  and  the  alqmininm  separaled 
troni  the  saline  masa  in  the  matiner  above  described. 

The  quantity  of  compact  aluminium  obtained  by  these  methods  was  however  con- 
aiderably  below  the  theoretical  amoaut,  a  laige  portion  of  the  metal  being  reduced  in 
tlie  form  of  a  fine  powder  which  re-fuaed  to  unite  into  globules.  This  inconvenience 
may  b«  obviated  and  much  better  results  obtained  by  the  use  of  fluor  spur  or  cryolite 
M  a  flni.  These  fluorides  assist  the  unioQ  of  the  particles,  apparently  by  disaolring 
email  quontitiee  of  alumina — produced  by  moisture  adhering  to  the  rhlor]do,^which 
■nrronnd  the  particlea  of  metal  at  the  moment  of  reduction,  and,  not  being  decom- 
poCed  by  the  sodiam,  prevent  them  from  uniting  into  globules.  The  reduction  may 
be  performed  in  cmoiblea.  or  better,  in  a  reverberatoij  fiirnsc«L 

a.  100  porta  of  chloride  of  alnminium  and  sodium,  300  pt«.  of  chloride  of  aodium. 
300  pts.  of  fluor  apar'  or  orolite — the  latter  being  preferable — all  perfectly  dry  and 
flnelj  pulverised,  are  placed  together,  with  Tfi  or  80  pts.  of  sodium,  in  alternate  luyrrs. 
in  an  earthen  or  iron  crucible,  which  is  moderately  heated  till  lbs  actioo  bt^ina, 
■nd  afterwards  to  redness,  the  melted  mass  being  atined  with  an  iron  rod  and  ^er- 
wards  poured  ouL  If  the  process  goes  on  well,  20  pts.  of  alomininm  are  thus 
obtained  in  a  compact  mass,  and  about  S  pis.  mare  in  gbbulei  encnuted  in  a  haiJ 

The  aluminium  thus  obtained  is,  however,  somewhat  contaminated  with  ailiooD. 
derived  from  the  earthy  matter  of  the  crucible,  which  is  attacked  bj  the  sodium,  by 
the  aluminium  itself,  and  by  the  fluorides  in  the  slog.    This  evil  may  b«  corrected  to 

a  certain  extent,  but  m'  ^  ..,,-■      .,  .  ,      - 

Caldned  olnmino,  or  ol 
is  found  to  contain  iroi 

b.  The  reduction  is  performed  with  greater  bcility,  and  on  a  mnch  laiger  scaler 
by  heating  the  mixture  on  the  hearth  of  a  rereiberaloiy  furnace. 

The  proportions  used  are : 

Chloride  of  aluminium  and  sodium    .  .  .10  part*. 

Floor  spar  or  cryolite  .  .  .      S     „ 

Sodium  .  .  .      3     „ 

The  double  chloride  and  the  oyolite  or  floor  spar  are  mixed  in  the  slate  of  powder 

with  sodium  in  small  ingots,  and  the  whole  is  thrown  on  the  hearth  of  the  ftimace  pre- 

vioualy  raiaed  to  the  required  temperature.    The  dampers  are  then  dosed  to  prevent 

■cceaa  of  air.    A  vivid  action  soon  takes  place,  accompanied  by  evolution  of  heat, 

aiiffide&t  to  raise  ths  walls  of  the  furnace  and  the  mixture  itself  to  bright  rednem  ; 

and  the  mixture  is  almost  completely  liquefled.    When  the  reduction  is  complete,  tha 

fliaed  mass  is  run  out  through  an  aperture  at  the  back,  the  alag  escaping  first,  and 

then  the  alnminium  flowing  out  in  a  single  jet,  and  collecting  in  one  mass  below  t3j» 

liquid  slag.    With  a  furnace  h;ii-ing  ■  hearth  abcut  16  Hjuaro  feet  in  luifliM^  ibDot 


completely,  by  lining  the  crucible  with  a  paste  composed  o 
ninate  of  eidcium.     If  iron  erucibloB  are  used,  the  alaminui: 
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cbloriJe,  f  itltar  in  tb«  Aued  itata  or  in  ths  form  at  inpaoi  Imiig  broo^t  in  conUct 
sither  witli  the  melted  tTanide  or  its  Tipour.  Para  alumina  maj  be  added  to  mcreaj* 
the  pn>daet 

L.  F.  Corbelli,  of  FIofodm,  itat««  that  KlonuBinm  ma;  be  obtiined  bj  mixing  the 
impure  (olpbale  (prepared  br  beating  elaj  with  atrong  enlphuric  acid),  with  2  pU.  of 
fernK7anide  of  potasaiuni,  and  1  j  pC.  commoa  lalt,  and  heating  the  miitiiM  to  whiteuea*. 
The  metal  thui  obtuined  miut  however  be  wfrrj  impOM,  perhapa  aonmating  child;  of 


metal  thui  obtuined  miut  however  be  ler;  irnpOM,  perhapa 
The  pn>ce«  wu  patented  in  this  conntry  in  18SS  (So.  Hi 


H.  Cumenge,  of  Parie,  obtains  alnminiom  from  tbe  ralphide  (Ai'fi')  utber  b;  heat- 
ing that  oomponnd  in  an  atmoaphera  of  hjdrogen.  or  bj  beating  it  with  alumina  of 
mJphata  of  aliuuiuinm,  in  each  proportion  that  the  oijgm  eontained  iu  that  com- 
pound  ahall  be  joit  enffioent  to  conrert  the  whole  of  the  auiphnr  into  sntphnroul 
anhydride: 

A19  -t-  SAI>0>        -  ISO'  -I-  OAl 
or        Al'S'  +  K\\S,Of  -  aSO*  +  iil; 
or,  ball;,  by  deanmpoeing  the  ealpbide  with  an  onlinai;  metal,  mch  aa  iion,  copper 
or  (inc.     Thie  proceai  ia  aUo  patented  (135S,  Na  iSl). 

Prtparation  of  Aluminium  by  Htclroiytu.  —  The  electtolytio  reduction  of  alomi- 
ninm  may  be  performed  either  in  the  diy  or  in  the  wet  way.  The  reduction  &tin 
fused  chloride  of  alnmininm  and  sodium  wu  first  effci^ted  in  this  manner  by  Bun* en 
in  18S4  (Pogg.  Ann.  icii.  6t8).  The  salt  ie  introduced  in  a  fused  state  lu to  a  red- 
hot  porcelain  cruoilile,  divided  into  two  parts  by  a  porous  earthenware  diaphragm,  and 
the  extremities  of  the  carbon  poles  of  a  cunsen's  battery  of  ten  elements  are  intiodaced 
into  the  two  halTes  of  the  fiised  mass.  The  metal  is  then  reduced  at  the  necatire 
pole.  The  heat  most  be  rained  considerably  above  the  melting-point  of  the  doahie 
chloride,  otherwise  the  aluminiam  sepaistee  in  the  palverulent  form.  It  is  beat  to  add 
fresh  qnaatitiei  of  chloride  of  sodium  during  the  reaction,  and  to  raise  the  tempcia- 
ture  nitimatelj  to  the  melting  point  of  silver.  The  aluminium  Is  then  obtained  in 
globules  of  considerable  size,  which  may  be  melted  into  one  by  throwing  them  into 
chloride  of  sodium  melted  at  a  vhit«  heat.  Deville  adopts  a  eimilai  method,  using, 
however,  platinum  instead  of  charcoal  for  the  negative  pole. 

The  same  method  may  be  used  for  coating  metals  with  aluminium.  Thn%  if  a  bar 
of  copper  be  used  aa  the  negative  pole,  and  a  bar  of  aluminium  as  the  pcaitive  pole, 
tba  latter  dissolves  as  the  action  goea  on,  and  is  depoaited  upon  the  copper. 

Alomininm  may  alao  be  reduced  by  the  action  of  the  curreot  from  the  solution  of  its 
salts.'  Mr.  Gore  has  iu  this  way  obtained  a  deposit  of  aluminiam  on  copper,  and 
Messrs.  Evans  and  Tilley  have  patented  s  pcocees  (18SS,  No.  2Tfi<]),  for  coating  netala 
with  alaminium  and  its  alloys,  by  electrolysing  a  solution  of  alumina  mixed  witl) 
4^anide  of  potassium,  the  Degative  pole  being  formed  of  the  metal  to  be  coated,  and 
the  positive  pole  of  pUtinum  or  aluminiam,  or  of  some  other  metal,  such  aa  ttyppa, 
tin  or  silver,  which  is  to  bvdeposited  together  with  the  alaminium.  The  bath  may 
also  in  some  instances  be  composed  of  a  mixed  solution  of  aluminiam  and  the  other 
metal  to  be  deposited. — H,  Corbelli,  of  Florence,  obtains  a  deposit  of  aluminium  bj 
electrolysing  a  mixture  of  rock-slum  or  sulphate  of  sJuminium  with  chloride  of  calciiuo 
or  chloride  of  sodium,  the  positive  pole  being  formed  of  iron  win  coated  will)  an 
insulating  material  and  dipping  into  mercury  placed  st  the  bottom  of  the  Solntiaii,  and 
the  negative  pole  of  line  immersed  in  the  solution.  Aluminium  is  then  depoaited 
c,  Bod  the  chlorine  eliminated  at  the  positive  pole  unitea  with  the  mereaiy, 
■       ■     "■  3,  MO.B07' 


r  applied 

e  double 


to  the  pmductioa  of  aluminium  on  the  large  scale,  is  the  decomposition  of  the  double 
chloride  or  of  cryoUte  by  sodium.  The  electrolytic  method  is  too  oipenaive,  excepting 
for  producing  a  thin  coating  of  aluminium  on  other  metals ;  and  the  attempts  which 
hare  been  made  to  obtain  aluminium  by  means  of  the  ordinary  reducing  agents,  such 
as  hydrogen  and  charcosl.  do  not  appear  to  have  led  to  very  satisfactory  results.  At 
present,  therefore,  the  progress  of  the  aluminium  manufacfuro  depends  essentislly  on 
Ijie  economical  productioo  of  sodium;  and  iudeed  tlie  manufacture  of  aluminiam  has 
already  given  a  great  slimului  to  that  of  sodium,  and  has  led  to  considerable  impniTB- 
ments  in  that  process,  and  consequent  reduction  of  cost     (See  Sooim.)  * 

Purificaiiim. — Aluminiam  may  be  puriSed  from  eopper  and  troR  by  fnsion  with  nitra 
in  an  iron  crucible,  the  foreign  metals  heing  thereby  oxidised,  whilf  the  uominium  remaioa 
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A  Mlution  of  cvntmn  *aU  or  cUorid*  a/  petaniimt  ii  ilao  Titbont  iction  on  Ahuii]- 
ninm,  bat  the  ■olutioni  of  nuny  other  chloridce  diiaolre  it,  aod  mora  readily,  m  the 
metAlij  which  tbe;  contun  are  higher  in  the  tctle ;  eroD  a  solution  of  chknide  of 
ilnmiaiam  dissolTea  the  melal,  forming  a  buic  chloride.  Solatioiu  of  nlpltaUt  ani 
nitrata,  on  the  coatruy,  do  not  >ct  apon  it  Hence  in  predpitatinK  other  metal*  vpon 
■lumininm  bf  eleetralytic  action,  it  u  neceanon  to  u»  odd  •olntiona  not  rontalning 
hvdiochlone  wrid  or  an;  chloride.  In  on  und  solotioQ  of  nilphate  of  cofper,  the 
aliunininm  qnickly  beoom«  coaled  with  metoUic  copper. 

Alnmitiiiim  may  be  fused  vith  nitri  at  a  modente  heat,  without  uader^iouill  the 
slightest  alteration  ;  henee  thia  proceea  may  be  adopted  for  purifyinft  alaminimn  from 
aduiixtures  of  other  metals.  If  however  the  heat  be  raised  till  the  nitric  acid  is  com- 
pletely decompoaed  and  begins  to  give  off  Ditrogeu,  a  new  reaction  taktm  place  at- 
tended with  incandeoccDce,  and  aluminata  of  potassium  ia  formed. 

t7iH.— The  lustre  and  whitenese  of  this  metal,  its  nnaltenibility  in  the  air,  and  the 
rocility  with  which  it  takes  ■  frosted  sorfoce,  render  it  well  ad^ited  (or  jeweilcrj,  for 
which  purpose  it  is  now  much  used.  It  also  makea  very  bright  reflectan.  Ite  ligbt- 
neaa  renders  it  useful  for  mounting  aetjonomical  inntnuncnla.  eepeeiolly  eeitanla.  tt 
may  alao  be  used  for  making  gmall  weights,  eucb  as  the  dlvisiou  of  the  grsmmt-. 
Very  delicate  balance-beams  Uave  also  b^n  conitnicCed  with  it  For  culinary  vosi^ls 
it  is  adapted  by  it^  lightness  and  the  little  tendency  which  it  has  to  become  cormd'^ 
by  any  of  the  liquids  likely  lo  come  in  contact  with  it  It  is  neeeeMry  however  to 
observe,  that  this  power  of  reainling  the  action  of  corroding  agenciea,  and  more  mpi- 
cinllj  those  of  the  atmosphere  r>f  large  towns,  is  exhibited  only  by  the  pure  mcltiL 
Xow,  much  of  the  aluminium  of  commerce  is  very  impure,  being  contaminated  with 
iron  or  silicon,  or  not  having  been  properly  &eed  from  alog.  Alominiom  tbol  con- 
taininiited  soon  becomes  tarnished,  and  much  disai^intmcmt  has  been  ezperieneed 
from  this  cause  by  many  who  have  used  it  for  ornamental  pniposea.  Accnrding  to 
Dcville,  the  impnntlcsjust  mentioned  are  (bund  to  the  greatest  unount  in  the  metal 
ol.tojned  from  cryolite  (p.  162), 

GttUTOi  Cliaracltrt  and  ReOfUont  of  Alumintum-eoasumdi, — Alnminiun  toram 
only  one  cLiss  of  salU,  and  into  these  it  may  be  suppostHl  lo  enter  na  a  tri-equinUenC 
rndicle,  1  atom  of  alnminium  taking  the  place  of  3  atonu  of  hydrogen  :  Al  —  H',  or 
.U'  =  H".  Thua,  the  chloride  of  aluminium  is  (Al")''Cl" ;  the  oiide  (alumina)  is  A1"0» ; 
the  sulphate,  (Al'j't.saO',  or  '^m^jo'.  *<!•  Tb««e  formula  on  bo^d  npon  tb* 
inomorphism  of  the  aluminium-Compounds  with  othar  omnpaQiidi  of.  conwrponding 
character,  which  ara  known  or  supposed  to  contain  tri-eqaivalent  ndidee:  thna, 
Hlumina,  the  only  known  oiide  of  alnminiDm,  is  iaamorphoni  with  aesquioxide  of 
iron  and  sesquionde  of  chiominm  ;  and  common  potash-alum,  ArX'(30*)*  *  1SH*0, 
is  isomorplious  with  iron-alnm,  Fe"K'.(SO')'  +  12H'0,  and  chrome-alnm,  Cr~K'.(SO')* 
-h  I2H'0.  All  these  foimuln  may,  however,  be  reduced  to  othera  containing  bivmlent 
radicles,  the  roluea  of  which  ora  two-thirds  of  thoee  of  the  correepoading  Ori- 
equivalent  radicles.  For  instance,  the  aluminium-componcda  may  be  supposed  to 
n  a  ndiels  (alanaitioum),  al'  =  {Al"  -  )  .  S7'4  -  18*S.     The  fonnuU  of  ths 


Host  componnds  of  aluminium  are  colourless.  The  oiida,  hydrates,  borates,  pbca> 
phstcs,  arseniales,  and  ailicBtefl,  are  insoluble  in  water ;  moat  other  ^nmiiuum-rom* 
pounds  are  soloble.  All  of  these,  excepting  the  silicates,  ora  soluble  in  hjdiochlone 
and  sulphuric  acid,  at  least  if  they  have  not  been  strongly  ignited. 

The  aqueous  solutions  have  an  acid  reaction,  and  an  astringent  disagreeshle  taste. 
They  are  not  precipitated  by  any  &ee  acid.  7ith  tuipiide  of  ammoniujn  and  other 
soluble  salphides,  they  give  a  white  gelatinous  [irecipitato  of  tnhydrate  of  alnminiimi, 
the  formation  of  whioh  is  attended  vith  evolution  of  hydroaulphnric  add  gas.  The 
precipitate  is  insolnble  in  eiccss  of  that  reagent,  but  soluble  in  caustic  poCosb  or  soda. 
With  solution  otpolojh  or  mxla,  the  same  gelatinous  precipitate  of  the  hydrate  is  pro- 
duced, soluble  in  excess  of  the  alkali,  and  reprecipitaled  by  boiling  with  Hl-ammoniiw, 
or  by  cautious  neutralisation  with  hydrochloric  acid. — With  amwmia,  the  some  pnvi- 
pitate,  insoluble  in  excoH. — With  alkalint  carboaatrt,  the  same,  carbonic  add  bring 
given  off,  and  not  entering  into  combination  with  the  alumina. — Wilh/wTOcyaniit  of 
potatiium.  awhile  gelatinnus  precipitate,  after  some  time. — With piotpMaU  afaodiam, 
gelatinous  precipitate,  clo>>ely  resembling  the  hydrate  in  appeanuice,  and  dissoliina 
with  the  same  facility  in  hydrochloric  acid  and  in  potash.  From  these  tolutions  it  is 
precipitated  in  the  same  manner  as  the  hydrate,  viz.  from  the  hj'drochloric  odd  soln- 
tiijD  by  ammonia,  and  from  the  poIu^h-Bolnlioo  by  ssJ-ammoBiae;  it  u  dntinguithed 
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AtHtlgamalwH  and  Oilditig  of  JJuminiuM. — According  to  Cailletet,  mlnminiiUB  mtj 

mlsD  when  it  ia  connected  with  the  negatiTa  pole  of  the  Toltaie  twttoj,  and  dipped 
into  the  mercazj  moiitened  with  aciaiilatod  water,  or  ioto  iutc*t«  d  mcrciuj.  — 
Ch.  T  ia*i  er  (Oompt.  rend,  tiii  16),  eoofirmj  thie  itMcment  leepectiiig  the  unalseDUtimi 
of  alaminiam  in  connKtion  with  the  negative  pole  of  the  battery,  and  addj,  that  if 
the  aluminium  foil  ia  not  Tory  thick,  it  baoomeo  amalgamated  thiimghont,  and  vetj 
brittle^  The  ume  chemist  flads  that  aJninininm  ma;  be  made  to  unite  with  merenrj, 
meielj  bj  the  nae  of  a  eolation  of  caustic  potash  or  soda,  without  the  intenentiDn  of 
the  batter;.  If  tbe  surface  of  the  metal  be  well  cleansed  and  moistened  with  the 
alkaline  solution,  it  is  immediately  melted  bj  the  mercoiy  and  Ibnns  a  »hmiiig  uul. 
gam  on  the  aui&ce. 

The  amalgam  of  aluminium  instantly  loaea  ils  lustre  whea  exposed  to  the  air, 
becoming  heated  and  mpidl;  converted  into  aluminium  and  metellic  mercoiy.  It 
decomposes  water,  with  evolution  of  hydroaen,  formation  of  alumina,  and  depofitioa 
ofmercuiT.     Nitric  acid  attacks  it  with  violence.     (Tisaier.) 

To  gild  aluminiom,  8  grammes  of  gold  are  dissolved  in  aqua  regia,  the  solution  k 
dilated  with  water  and  leit  to  digest  till  the  following  dny.  with  a  alight  eicefl  of 
lime;  after  being  well  washed,  itia  treated  at  a  gentle  heat  with  a  solution  of  30  gnns. 
of  hyposulphate  of  aodiam.  The  filtered  liquid  scrvee  for  the  gilding  of  aluminiom. 
witbo«l  the  aid  of  heat  or  elecUicity.  the  aluminium  being  simply  immersed  in  it,  aflet 
having  been  well  cleaned  by  the  ancceHaive  ose  of  polul^  nitnc  add,  and  porr  Water. 
(Tissier.) 

It  is  somewhat  difficult  to  nlder  aluminium,  partly  because  no  flux  has  yet  been 
found  that  will  clean  the  surface  withont  attacking  either  the  slominiam  or  tia  aolder. 
partly  becaose  the  aorface  of  the  aluminium  is  not  easily  melted  by  metals  more  fnaiUa 
than  itaelf  An  imperfect  soldering  may  indeed  be  effected  by  means  of  line  or  tin, 
but  a  better  methoi^  devised  by  H.  Holot,  is  to  coat  the  alaminlnm  with  copper,  by 
the  electrolytic  method,  and  then  solder  in  the  ordinary  way.  (Qeville.) 
(See  AssDHDis.) 
Boron  unites  with  alnminiom  under  the  same  cirvnm< 
Btsncea  as  silicon  (p.  160),  and  alten  its  propertiea  in  a  aimilai  manner. 

Bromide  of  Algmlaliim.  Al'B^,  is  obtained  by  the  action  of  bromine  on  palvera< 
lent  alnminium,  the  metal  being  in  exceaa.  By  sablimation,  it  is  obtained  in  white, 
shining  laminie,  which  melt  at  90°,  fanning  a  mobile  liquid  which  boils  at  abont30fi°  C. 
It  is  decomposed  when  heated  in  contact  with  the  air.  It  dissolves  in  bisulphide  of 
carbon,  forming  a  solution  which  fumes  strongly  in  the  air.  It  disaolvea  in  wal«r. 
and  the  solution  evaporated  in  vacuo  over  oil  (?  vitriol,  leaves  needle-shaped  eryatala 
cootuning  Al'Br*  +  12H*0.  With  bromide  of  potassium,  it  forms  the  double  salt 
SEBr.Al'Bi*.  It  abeorbs  ammonia  and  hjdromlphuric  acid,  forming  camponnda  which 
are  decomposed  by  heat    {R.  Weber,  Pogg.  Ann.  ciii.  364.) 

CUorMe  of  AlnmlBlom,  Al'd'.^The  finely  divided  metal  heated  to  rednen  in 
a  current  of  dry  chlorine  gas.  takes  fire  and  is  oonverted  into  the  chloride,  which 
sublimes  (Wbhler).  The  compound  is  also  piodnced  by  paasine  dry  chlorine  over 
an  ignited  mixture  of  alDmina  and  charcoal :  and  this  is  the  method  adopted  for  pr^ 
paring  it  Hydrate  of  alominlam  precipitated  &om  a  hot  solution  of  iilnm  by  an 
alkaline  carbonate  is  made  up  into  small  pellets  with  oil  and  lampblack,  and  the  mix- 
ture is  strongly  ignited  In  a  crucible :  the  oil  is  then  decompased  and  vx  intimata 
mixture  of  alumina  and  charcoal  remains.  This  is  introduced  into  a  poroelain  tuba 
<a  tubulated  earthen  retort  placed  in  a  furnace,  and  connected  at  one  end  with  an 
l^iparatus  for  evolving  chlorine,  and  at  the  other  with  a  dry  receiver.  On  raising  the 
beat  to  bright  rediKss,  and  passing  chlorine  tJirangh  the  apparatna,  chlotiae  of 
aluminiom  ia  formed  and  condenses  in  a  solid  mass  In  the  receirer. 

A  aimilar  process  is  adopted  in  preparing  the  compound  on  the  Urge  scale.  AJo- 
mina  or  clay  is  mixed  with  coal,  pitch,  tar,  reein,  or  any  organic  subatanM  that  «ill 
decompose  by  heat  and  leave  a  considerable  quantity  of  cbuvoal,  and  the  miztmcv 
after  being  well  calcined,  ia  heated  to  redness  In  a  cylinder  of  earthenware  or  c«Bt 
iron,  through  which  a  current  of  dry  chlorine  is  made  to  pass.  The  Tapcsm  of 
chl(»ide  of  aluminiom  pass  into  a  condensing  chamber  lined  irlth  plates  <a  glased 
earthenware,  on  which  the  chloride  collects  m  the  solid  state.  If  day  oontainiD|[ 
a  ccmsiderHble  proportion  of  iron  is  used  in  the  preparation,  it  must  first,  afl«r 
ignition  with  carbonaceous  matter  ^  whereby  the  iron  is  reduced  to  the  metallic 
■tate  —  be  treated  with  a  dilute  acid  to  dissolve  out  the  iron,  then  washed  and  dried. 

Chloride  of  alnminium  is  a  tmnsparent  waxy  substance  having  a  crystalline  stm^ 
Hire  like  tata     It  ia  wloorlesa  when  pure,  but  generally  exhibits  a  yellow  colour,  Ann 
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etiie,  bM«ue  it  is  iBomotpboiu  with  Uie  Maquioiidc^  of  iron  mi  chrominai,  ud  i* 
espaLU  of  repladsg  thoae  oiidu  in  cambiu&tiua  in  auj  proporlioo. 

Alumio*  ocean  natdve,  and  verj  dmcIj  pu»,  in  Uie  form  of  corundum,  Tirietica  of 
which,  dijtingiiialied  chiefiy  hj  ttieir  colour,  ore  the  eappJiire,  mjy,  ortmial  loptx, 
orimlai  awistky*t.  Sec  Tbe  colaurlen  varietj  in  called  hyaline  ntmnjim.  The  cryt- 
tallina  fornu  of  Chose  genu  all  belong  to  the  rlunnboliedrBJ  or  beugoiul  ETitem,  Iha 
pcimuy  form  beinE  a  tattler  acute  rhombobedroii.  Aliunioa  in  the  djatallinc  ataU 
hai  a  BKciflc  gT&Titf  of  about  3-9,  and  ix,  next  to  the  diamond,  the  hard«t  nb- 
ataDce  knovn.  An  opaque  Tirintj  of  comndum  called  emery,  vhich  bail  •  brown- 
led  colour,  ariaing  &om  oxide  of  iron,  is  mnc^b  Bseii  in  ILe  ntatc  of  powder  for  poliih> 
ing  glass  and  precious  stonra. 

Alununa  is  prepared  artiflciall; :  1.  Bj  precipitating  a  boiling  solutjon  of  oommoa 
alum  (giilphate  of  alaminium  anil  potaBsium],  &«  from  iron,  witb  carbaDal«  of  am- 
tnonium,  washing  the  pnxipitato  with  water,  and  igniting  it  Co  expel  th«  comhiaed 
water. — 2.  Bj  ignitiag  suljilialo  of  aluminium  or  ammonia-alum.  In  the  formor  am, 
■nlphuiic  anhjdride  is  givon  ofT ;  in  the  latter,  that  componnd,  together  with  sulphate 

A1'.3S0'  -  Al'O"  *  330" 
and  2(A1'.NH'.2S0')  -  AIKI'  +  (NH')'.SO'  +  3S0». 

Alumina  thus  prepared  i>  apt  however  to  retain  a  BmalJ  quantity  of  mlpbnric  add, 
and  if  the  ori^nal  salt  contained  iron,  the  whole  of  that  imporit;  rtmaiiu  in  the 
reaidne. — 3.*  By  digesting  cla^ra.  felspaUiic  rocka,  or  other  mtnenla  containing  alumina 
in  a  strong  solution  of  caustic  potaah  or  soda,  assistuig  the  action,  if  necessary,  1^ 
'boiling  under  preasoie,  or  by  heating  the  same  minerala  with  kelp  oc  soda-ash  in  • 
rerer^ratory  mmace,  and  lixiTiadng  the  fiued  product  with  water.  A  solution  of 
■luminate  of  potassium  or  sodiom  ia  thus  obtained,  a  silico-aluminate  of  the  alkali 
generally  t^Tnflin^ng^lnHiwBn^^p^^ — ruid  the  alumina  may  be  ine<dpita1ed  from  the  sola- 
tion  as  a  hydrate  by  passing  carbonic  acid  through  the  liqoid ;  by  treating  it  nitb 
acid  carbonate  of  sodium,  or  with  neutral  or  acid  carbonate  of  ammonium ;  by  saturating 
with  an  acid  (using  by  preference  the  last  vapoun  of  hydrochloric  acid  evolved  in  the 
mson&ctore  of  that  compound) ;  by  treating  it  with  chloride  of  ammonium,  whet«- 
upon,  ammonia  is  evolved,  chloride  of  potassium  or  sodium  remains  in  solution,  aiid 
alumina  is  precipitated :  or  by  mixing  the  solution  of  the  aJknline  alominste  with 
chloride  of  alnmuunm,  the  result  being  the  precipitation  of  the  alumina  feua  both 
compounds : 

A1"K'0'  +  Al'a*  -  AlW  +  3KCL 


4.  By  mixing  cryolite  with  nther  more  than  j  of  ita  weigbl  of  ^nick  lime,  adding  a 
■mall  quanti^  of  water  to  slake  the  lime,  Chen  a  larger  quantity,  and  heating  the 
nixtore  by  a  current  of  steam.  The  products  of  this  opemtiou  are  fluoride  of  calcium 
and  sluminate  of  sodium  : 

Al->ra1«  +  SCtO  -  aCaP  +  A1~S»»0» 
Crjollu.  AluBiDiU 

The  atuminate  of  sodium  isdecanted  from  the  heavy  deposit  of  fluoride  of  ealeintn,  and 
decomposed  by  carbonic  acid  as  above.  If  any  insoluble  olnminate  of  calcium  sbould 
be  formed,  it  may  be  decomposed  by  digSBtion  with  carbonate  of  sodium.  (Drville.] 
G.  The  alog  obttuned  in  the  preparation  of  aluminium  &om  chloride  of  almniiiium 
and  sodium,  with  fluor-spar  or  cryolite  as  a  flux  (p.  IfiO),  contains  about  40  pt-t 
cent  of  fluoride  of  aluminium,  together  with  soluble  chlorides  ;  and  the  reaidne  of  the 
extraction  of  sodium  by  Deville's  process  (see  Sonicii),  which  consists  in  ignitin|>  a 
mixture  of  carbonate  ofsodium,csiboiiaceons  matter  and  chalk,  contains  about  l<'5p.  c 
carbonate  of  sodium,  S'3  p.c.  caustic  soda,  and  29-8  p.  c,  carbonate  of  calcium.  Now.  by 
heating  to  redness  a  mixture  of  6  or  6  pts,  of  the  sodium-reaidue  vitb  1  pL  of  tfar 
aluminium -slog,  freed  by  waahing  from  the  soluble  constituents,  and  Uxiviotir^! 
the  product  after  cooling,  a  solution  of  alnminsta  of  sodium  is  obtained  which  may  l-r 
decomposed  by  carbonic  acid  as  above.     (Deville.) 

Alumina  prepared  by  anjf  of  the  preceding  processes  eontoins  iron.  From  thi«  it 
may  be  puriied  by  dissolving  it  in  caustic  alkali  and  predpitatiog  the  iraa  l>y  ■ 
stream  of  sulpbaretteii  hydrogen  (Deville).  It  may  then  bo  r*preiipitaled  liv  r^- 
boaic  acid.    The  sloroina  thos  precipitated  always  contains  a  ceitain  quaotitj'  "< 
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colour  of  the  infHuion,  but  le  traDsIncent  sod  toUllj  different  from  the  dcoM  opaqita 
lakei  vhicb  ordinary  aluminti  fomui  vich  the  same  colonring  matters.  On  enpors' 
ting  the  solntion  to'drynnaa  at  I0O°C.  the  alnzniiia  remains  in  the  form  of  dibj' 
drate,  retaining  onlj  a  trace  of  acetic  acid.  In  this  stata,  it  ia  inaolnble  in  the  Mtong«> 
acids,  bnt  salable  in  acetic  acid,  provided  it  hu  not  been  prerioiuly  coagulated  in  the 
nunner  jnst  mentioned.  Boiling  potaah  conT^ls  it  into  the  trih^drate  {Walter 
Crnm,  Chem.  Sac.  Qo.  J.  tL  22fi).  The  dihydrate^  ia  aaid  to  oecnr  native  at  B^ux 
(Berthier.Scbv.  J.uiir.  IBi),  HydrargsUite,  amineral  occurring  in  regnlariix-nded 
priims  is  also  a  bjdrsia  of  almoininm,  bnt  its  exact  composition  ia  not  kaown. 
(0.  Bose,  Fogg.  Ann.  xlriu.  6U;  L  M6.) 

Alumitiatei. — Tbe  hydit^n  in  trihjdrate  of  alnmininm.  maj  bi  replaced  I7 
an  oqnivalcnt  quantity  of  Tartons  metala ;  such  compounds  are  called  alumtnatu  Ai- 
cording  to  Frimy,  a  solntion  of  aliunina  in  potaab  slowly  erqiorated  [out  of  contact 
of  air  7]  deposits  grwnilar  OTBtala  of  aluminate  of  poiAMlum,  Ai'K'O',  or  Al'O'.E'O. 
Similar  compounds  occur  natiTe;  thus  Spmrli  a  ao  alurainate  of  raBgnesiutu, 
Al'Mg'O'  i  GaKnili,  an  alnmjnate  of  lioc,  AIiZd'O*. 

Oayien  J«lt«  ^*  »i^m.tiit»mi- — The  geasral  character!  of  theae  salts  hars  alrsadj 
been  deacHbed  (p.  151).  Tbe  moat  important  of  them  ore  the  folphalA  imfiO'Y, 
with  its  doable  mlpbalee,  eapeciailv  common  alnmi  tbe  sulphate  of  alaminiam  and 
potaaaium.  and  the  ailicatfa  and  doable  silicates.  [For  the  det^led  descriptions  of 
these  salCa,  see  ihe  several  Acids.] 

ored- 


■UUslde  of  <nTi7nlii1"T'. — Ala  mini  gm  comblnM  mdily,  and  in  all  pn^xntioni, 
irith  liliam.  V^en  Btronglj  heated  in  contact  vith  any  silidona  sntstances,  sach  as 
glass  or  porcelain,  it  reduces  the  silicon  and  nnitea  with  it.  Nevertheless  alomininm 
may  be  fi:aed  in  kIuss  or  earthen  vessels,  without  nndergoing  the  slightest  alteration, 
provided  no  flux  be  used,  because  it  does  not  then  come  into  intimate  contact  with  lbs 
substance  of  tbe  vessel ;  but  the  addition  of  a  flux  ptoduees  initant  decomposition. 
The  propcrtiea  ot  the  compound  va^  with  tbe  proportion  of  silicon.  An  alloy  cod- 
laining  103  per  cent,  of  eilicon,  called  ant  alaminiam  {fonle  iaiumittium)  it  grry 
and  veiy  brittle.  A  compound  containing  70  per  cent,  si^n,  still  exhibits  mutailic 
prapcrtic9.  All  the  compoundn  of  alnmiaiom  and  silicon  are  much  more  eaailj 
altered  by  oipoanre  to  tbe  air,  or  by  the  action  of  acids  and  alkaliea,  tban  either  pure 
aluminiDiii  or  f  ure  silicon. 

Salealde  of  Ahunlnlwm,  Al'Se'-^Prodnced  with  incandsMence  when  alaminiam 
is  heated  in  selenium  vapour.  It  is  a  black  powder,  which  acquirea  h  dai^  met«Uie 
luatre  by  bumiBhing.  and  is  readily  decomposed  by  water  or  by  a  moist  atmosphare. 
with  formation  of  alumina  and  hydrosdenic  acid. 

Bnlpblds  of  Alninlnlam.  Al-9'. — Sulphide  may  be  distilled  otst  •Inminrosi 
vith'iiiit  combining  with  it ;  but  when  thrown  upon  ths  red-hot  metal,  it  is  absorbed 
with  virtd  incandescence  (Wiihler).  Ths  lulphide  may  be  prepared  by  paanng  tlia 
vapour  of  diaulphida  of  carbon  over  red-hot  alumiDU.  It  is  (oiibla,  decmnpoaeo 
water  at  oidiniiry  teropemtures,  yielding  hydrate  of  aluminium  aadhydrosul^uricarid, 
and  thus  perhaps  contributes  to  the  formation  of  natural  salpbur  springs.    (Fr^my.l 

AftniKO-CAI>orT&  A  mineral  from  Erbenst^ieh,  io  ths  Saxon  Eart,  ha-nng 
the  appearance  of  opal.  Specific  gravity  2-1  to  2'2,  icarcely  hanler  than  mia.  (ioD- 
tains,  according  to  Keraten's  analysis,  8-2fi  per  cent,  lime,  2'23  alumina,  aod  40 
water.     It  is  probably  a  mere  rcddue  of  decomposition. 

AXiinK^-MABTH.  A  massive  variety  of  alnminoos  schist,  found  in  the  neighbour- 
hood of  tertiary  lignites,  as  in  several  parts  of  tbe  valley  of  the  Oder,  on  tie  Hbioe, 
in  Piclrdy,  and  other  localities.  It  bos  not  a  dialinct  slaty  structure,  but  ia  a  soft. 
friable,  usually  dark  brown  miuts. 

AXiVat^LATa.  A  cliiy  Blate.  containing  bitumen  and  sulphide  of  iron,  ^oe- 
lully  ibnnd  in  tbe  transition-strata,  bat  sometimes  in  more  recent  formationB,  It  ia 
found  in  the  north  of  England  and  in  Scotland,  in  Scandinavia,  in  ths  Han,  in  tba 
Ural,  the  Voagea,  the  lower  Kbine,  and  other  localities.  There  are  two  varieties  of  it. 
viz.!.  Common.  Thisminendoccucn  both  maseive  and  in  insulated  ballx  of  a  greriBh- 
black  colonr,  dull  lustre,  straight  slaty  fructure,  tubular  fragmenla,  !tr™k  oolonred  lite 
itself.     Though  soft,  it  ia  not  very  brittle.     Effloresces,  acquiring  tbe  laale  of  alum. 

2.  Gloi)^  Alan-tlate.  A  maasive  mineral  of  a  bluish-black  colour.  The  rents  dis- 
play a  variety  of  lively  purple  tints.     It  bus  a  semi-metullic  luatre  in  the  traelvn^ 
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■Imcntte^bta];,  HiimoniabaiagnolTsd;  an  oil  nnriliiig  like  (mbsoI  dMih  otw,  nd 
•  nbliiwle  oollceta  in  tlw  Mck  of  tha  Ktort,  wluoh  Fovum  mU«  ^fyraimMltiM^  toi 
mhieb,  Meoidijig  to  Lwmot,  i«  idantiMl  witb  loiJiine.  Asurina  u  inodamw,  tute> 
laM  mt  fint,  bat  aflanraidi  di^tl^  bitt«r.  It  i«  insolabls  in  mtei,  wilotde  ia  al- 
cohol uidatlier;  the  alcoholic  auotion  ia  itnmgl;  alkaline.  Amanne  bacomea  atncElf 
•Irctncal  bj  friction.    Dnlika  ita  iaomer,  hjdiobeniamide,  it  exerta  a  poiaooott*  actum 

line  being  f 
e  of  mlphat 

cuomio  aeida  and  water,  a  biuk  action  takea  pUc«,  and  b«naoic  add  i>  abnndantlf 
formed.  Nitrio  add  acta  tiinilarlj,  bat  lew  nclestlj.  Fnaed  potaah  doea  not  attaA 
it,  aare  at  a  Terj  ationg  beat. 

Avtarine-taiit  an  fcirmed  bj  the  direct  combination  of  amarioe  Titb  aeida.  Witli 
the  exceptian  of  tbe  acetate  thejr  are  all  bnt  iligbllT  aolnble.  The  hydneUoraU, 
C"E'*N*.HC1,  rajitalliMa  in  amall  «liiniTig  oeedlea,  which  cdoreaee  in  Taeoo,  or  whas 
heated  to  100°.  When  hjdracfalario  add  ia  poured  apoa  anuriiu^  a  (iolaiirlMa  oil  ia 
formed,  vhieb  gradually  aolidtflea  on  diTing,  and  tnaj  be  dnwn  into  threads  irtien 
heated.    It  di^la  witbont  deoonpoattion,  paaaing  ant  aa  an  oQ  which  aolidiflea  to  a 


jellow  naedlea,  when  boiling  alcoholic  aolntioQi  of  the  hjdroeblDrate  and  of  d. . .  . 
of  pUtinnm  are  mixed  together.  Fowaei  fbiind  in  it  I9'S  per  cent  platinum ;  tko 
fonnnU  2{C"fl»H'.HCl).PtG*  requirM  1988  wr  cent.  Thi  tulptalt  oTSlalUwi  from 
aDacidaolationinBnalloolonrli>»'pri(maRMinbliiiKoisii<'''u:id.  TbexifniMiaobtninda 
tpf  treating  amarine  with  hot  dilate  nitric  add ;  a  aoft,  unaT^hoiu  man  is  ptodacpd. 
miell  diawlTM  in  boiling  wst«-,  and  on  cooling  depoaita  nmtU  crjslals,  which  remain 
analtared  in  neoo.  The  aettait  is  yerj  aolnbl^  and  jields  on  eraporation  a  gummy 
BOn^OTatalline  mass. 

Ditthylamarin;  C"(_C^')'H"N".  —  Amarine  healed  with  iodide  of  ethjl. 
jielda  a  eryatiJIine  aalt,  which  is  the  hjdriadate  of  this  bue.  The  base  ilaelf  is  ob- 
tained ^tj  distilling  the  hjdriadate  witb  potash.  It  dystallises  teadil;  in  obHqoe 
rhombic  priams,  ia  oearlj  inaolnble  in  water,  bnt  diasolTea  readily  in  alcohol  and  ethrr. 
It  melta  between  110°  and  ItG"  C,  but  doea  not  aoltdi^  agmin  till  cooled  down  to 
TO".  At  a  •trougn  heat  it  decomposea.  The  XydnxUirate  crTStaUises  in  oblique 
rfaombic  prisma.  Tbe  ^atimim-talt  ia  a  jellow  powder,  insoluble  in  water  and  in 
ether,  bat  soluble  in  alcohol,  from  which  it  CTjstaUuca  in  small  prisma.  (Borodiue, 
Ann.  Ch.  Fharm.  cz.  78.) 

Diethylamarine  treated  with  iodide  of  eth^  jielda  tbe  h  jdHodate  of  BDOther  emtal- 
line  baae,  prabablj  triethjlsinannet  which  howeTsr  baa  not  jet  been  analjaaiL  and 
this  base  again  treated  with  iodide  of  ethjl,  jieldi  a  third  crjatalline  baae.  (Borodiue.) 

Trill .(ramoriB*,  C"H'^NO")'N'  (Bertagnini.  Ai)o.Ch.Phatm.lixi».  J76).— 
Thia  compound  ia  formed  from  trinitrohiidrobeiuamide,  with  which  it  is  isomeric^  joat 
aa  amarine  ia  &om  hjdnibenEamids.  Trinitrobydrobenzamide  ia  boiled  with  1  toL 
canstie  potash  of  1fl°  Baumi,  and  60  toIs  water ;  the  naulting  brown  nainoua 
uas*  (which  become*  brittle  ou  cooling)  is  disaolved  in  hot  alcohd;  a  little  ether 
added ;  and  the  solution  ia  predpitated  b;  hydrochloric  acid.  The  hTdiochlonite  ia 
rediaaolred  in  alcohol,  alcoholic  ammonia  added  to  the  eolation,  and  tJie  predpitated 
tnnitranurine  is  washed  with  water,  and  recryatallised  from  alcohol  TrinilramanDe 
ia  also  obtained  by  heating  trinitrohvdnibeoiamide  in  an  oil-bath  to  121° — 130°  C 

It  eiyitallisea  alowljf  from  its  oloiliolic  solution  in  white  bard  nodulea.  It  melta  in 
boiling  water,  and  dissolTes  slighUj,  fonning  an  alkaline  aolution.  It  ia  aoluble 
in  bailing  alcohol  or  ether,  most  nadily  in  a  mixture  of  the  two.  A  hot  aatnnted 
aohltion  deposits  it  on  cooling  aa  an  amorphous  powder. 

Ita  salts  are  but  aliglitly  soluble  in  wal«r.  The  kydrtKiloraU  aeparatea  in  amall 
•hining  needle  when  bTttochloric  add  is  added  to  an  alcoholic  solution  of  binitra- 
narine;  it  is  neariy  insoluble  in  cold,  ilishtly  soluble  in  boiling  aloohoL  Ihe  nitraU 
oystalliaea  in  needlea  ftvm  bojtiug  alcotioL    An  alcoholic  at'  ''        -  -  ■  ■■ 

dwithia 

JUCAmova.  C"H"N  (Laurent,  Ker,  SdenL  rriii.  207.  fte).  — A  romponnd 
formed  by  the  dry  distillatioD  of  aiobeniojl,  benioylaiolide,  or  hydrobeaianude.  The 
sublimate  obtaininl  by  heating  beuiojlaiotide  is  washed  with  etbrr,  and  IIkd  brrA 
from  lopbine  by  boiling  in  olcuhol  cDntainin^  hvdroohloric  add  ;  the  residiie  is  waabrd 
witb  akotiol,  dried,  crystallised  Anm  boiling  rork-oil,  and  washed  with  ether.  It  (cinm 
•mall,  eolourlen,  inodorous  needles,  which  mell  at  233°  C.  and  solidifr  lo  a  tsdixtoil 
mas*  on  cooling.  It  ia  insoluble  in  water,  slightly  soluble  in  ^hot.  uoro  rcaililv 
ia  ather.    It  diasolTca  in  cold  nlidinnc  add,  with  a  Sne  blood-nd  colour,  whiiA  aii- 
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CHpuu,  in  Sboii,  EamtwIuliA,  CIuha,  Kindooetao,  Madagnseu,  North  Annie* 
kod  GiMnland.  In  Britun  it  \^  thiown  oat  ^  the  *m  od  the  »bom  Ot  Norfolk,  8nffi>Uc 
■nd  Essex,  and  hw  klso  been  found  in  the  suidi  >t  Kensingtoa.  In  the  Bojd  Ckbinet 
*  at  Berlin  there  is  a  mss*  of  IS  lbs.  weight,  lapposed  to  be  the  largest  ever  trmni. 

Haur  haa  pointed  out  the  following  cbaraeten  by  vhieh  ambBT  may  be  diatio- 
puiahed  from  m^te  and  copal,  the  bodies  which  moat  eloaelj  reaomble  it.  Mellita 
.IS  inftuible  W  heat;  a  bit  of  copal  heated  at  the  end  of  a  knife  takes  Bre,  melting 
ioto  drop*,  which  flatten  aa  ther  ull;  whereas  amber  boniawith  spitting  and  frothing, 
and  when  its  liqoeSed  particles  droo,  they  rebound  from  the  plane  which  i«ceiT»  ttiem. 

Vaiioiu  &ands  are  practised  wiUi  this  substance.  Neumann  states  as  the  common 
[oactices  of  workmen  the  two  following :  The  one  consists  in  sanoiuidtiig  the  amber 
with  sand  in  an  iroa  pot,  and  cementinj  it  with  a  gradoal  fire  for  forty  honn,  soma 
tmall  pieces  placed  near  the  sides  of  the  vessel  being  occasionally  taken  out  forjudging 
of  the  effect  ot  the  operation.  The  second  method,  which  he  says  ia  that  most  gena«lly 
prac^ead,  is  to  dif^  and  bail  the  amber  abont  twen^  hoon  with  rapeseed  oil,  by 
which  it  ii  tendoed  both  deaj  and  hard. 

The  chemical  pnnHtiet  tod  mode  of  ooconenee  of  amber  leaTe  no  doobt  of  ila 
heilu  the  pndace  of  extinct  oonifenft.  It  h«i  been  found  encmsting  or  penetrating 
fboil  wood  exactly  like  nsin  at  the  present  daj,  and  enclosing  the  cones  and  Imtss  of 
the  twos.  Nnmetons  inaaeta,  the  inhabitants  of  these  ancient  forests  hare  been  em- 
balmed in  it.  To  tie  tMe  which  priocipally  produced  it,  Qoppert  gires  the  name  of 
Pinita  tucein\fir,  but  there  wis  prolnblv  more  than  one  species.  Ambn  is  often 
Stated  to  oeeor  in  the  brown  coal  Irads  of  Northern  Germany.  i>nt  Ooppert  states  that 
he  know*  of  no  instance  of  this,  the  substance  found  in  those  beds  ning  retinite. 
(Hand*,  d.  Chem.  1> Aofl.  ii.  973;  Dana,  ii  itt;  Qerh.  ir.  391). 
{Av^a,  Av^iTa  gruta),  ia  found  in  the  sea,  n< 


TBiiona  liopieal  oountries ;  and  has  also  been  taken  ont  of  the  inteetlnea  of  the  qierma- 
oeti  whale  (Pllgmttr  macreetpkalut),  Aa  it  has  not  been  found  in  any  whales  but 
■ttch  OS  are  dead  or  lick,  its  production  ia  generally  supposed  to  be  owing  to  Histssr. 
though  some  have  a  iitile  too  poaitirely  i&rmed  it  to  be  the  cause  of  the  aoHiid 
affection.  As  no  large  piece  has  ever  been  (bond  without  a  greater  or  tmiller  qaaoti^  of 
the  beaka  of  the  itpio  ectopedia,  the  common  food  of  the  spermaceti  whale,  interspersed 
throughout  its  aubatance,  there  can  be  little  doubt  of  its  originating  in  the  intestinea 
of  the  whale :  for  if  it  were  merely  occasionally  awallawed  br  the  animal,  and  then 
cauaed  disease,  it  would  much  more  frequently  be  idlhout  tussa  bodiea,  when  it  ia 
Diet  with  floating  in  the  ae^  or  thrown  upon  the  shore 

Ambergris  is  fonnd  of  -nrloos  sixes,  generally  in  small  fl-agmenta,  bnt  aometines  so 
large  as  to  weigh  near  two  hundred  pounds.  When  taken  bam  the  whale,  it  ia  not  >o 
hard  ai  it  afterwards  becomes  on  exposure  to  the  air.  Its  specific  gTavitv  ranges  from 
O'780  to  0'92fl.  Ifgood,itadhereelike  vaxtotheed^ofsknife  with  which  itiaacmpod, 
Mtaina  tbe  impression  of  the  teeth  or  nails,  and  emita  a  &t  odoriferous  liquid  on  beiaft 
penetrated  with  a  hot  needle.  It  is  generally  brittle ;  but,  on  rubbing  it  with  the  Dai). 
tt  becomes  smooth,  like  hard  ao^  Its  colour  ii  either  white,  black,  ash-coloured. 
yellow,  or  blackiah  ;  or  it  is  vari^ated,  namely,  grej  with  black  specks,  or  grey  with 
jellev  specks.  Ita  smell  ia  pecnliai,  and  not  euy  to  be  counterfeited.  aX  62'3  C. 
It  melt*,  and  at  100  C.  is  rolatilised  in  the  form  at  a  white  Taporir;  on  a  red-hot 
eoal  it  boms,  and  is  entirely  dissipated.  Water  has  no  action  on  it ;  adda,  tacept 
Bitiie  acid,  act  feebly  on  it ;  alkalis  oombine  with  it,  and  form  a  soap ;  ether  and  tha 
volatile  oils  diaaolre  it ;  m>  do  the  fixed  oils,  and  alio  ammonia,  when  assisted  by  heat ; 
alcohol  dissolTSB  a  portion  of  it. 


«  aometimea  fbund  among  theproduda  of  its  deatfoctiTe  diatillation. 

Its  iaotganie  coDstitnents  are  earbonale  and  phosphate  of  calciam,  with  tnoss  of  forio 

An  alcoholic  solntion  of  ambergris,  added  in  minute  quantity  to  lamder  water, 
tooth  powdn;  hair  powder,  wash  ballsy  Ac.  commonicates  its  pecidiar  fragratioe.  Itn 
retail  price  being  in  London  a  guinea  per  oi.  leads  to  many  adulterations.  Hieae 
^_,  _. — 7 -^ *  1.  —  'a,  iJjdanun       -'   *--   -• —•->---  <-     -^ 


a  of  beraoin,  laMannm.  meal,  &c  scented  with  muiJc.  The 
peasT  appearance  and  smell  iriiidi  heated  ambetgrii  exhibits^  afibtd  good  trUtria, 
jsinej  to  it*  lolulnli^  in  hot  sther  and  alcohol 

It  ha*  occasitmally  bean  ^ployed  in  medicine,  but  ita  use  is  now  conflned  t«  th* 
(■Amer.  awediaai  took  thir^  grains  of  it  withont  percsiring  any  aenaiUe  effbet.  —  C 

AXSXiTIMVXTa.  AReenisb-cobured  mineral  of  di^rent  pale  ehadM,  marknt 
onthesar&ce  withrsddishandyellowisb-brownspots.  It  occun  massive  and  cnstallised 
in  oblique  fi>nr-sidBd  prisms.  Lustre  ritraous;  clearage  parallel  to  the  sidca  of  an 
oblique  Giar^ided  posm  of  106°  10'  and  77°  GIK ;  fracture  tmereo ;  fcagmsBla  rtiom- 
boidal;  teiHiiliweiit;  httdneas  as  felcpar;  brittlai  speeiAc  gpintj  S'O: 


J 
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Ncithar  can  u  unic  icid  be  tormtd  by  lepUang  3  >tonii  hjdrogeD  in  Uie  tjpf  t^ 
2  monat'imie  &eid  ndiclea  ;  for  vhen  bmuoie  anhydnde  ii  tmUed  with  k 
1  stonu  of  benxoyl,  each  fquiTslent  to  H,  do  not  renuin  eombin   '  ' 
but  sepuste,  foiming  2  diitinct  ccanpouodi,  beDMinide  uid  b 

{CrH'O)'.0  +  imp  -  N.CHKJ.H'  +  C7HK).NH'.0 

Bat  when  a  dibuic  uihjdride  ta  bested  with  unmoma,  the  add  ndiela,  eqiUTalcnt  to 
H',  being  indlTiaibla,  ii  incapable  of  lepamtiag  ao  aa  to  tonn  two  diitinct  componnda ; 
K  that  a  single  compound  it  neccwarily  fanned,  the  auunoninm-aalt  of  an  uiic  add : 

SCO   +  SKH"  -  NH^sS'Sip 

Hmee  itfollowa  that  a  inonab«iic  acid  i<  ine^qwble  of  Cuming  an  amieaad:  in  bet 
the  poMcaaion  of  thii  prc^iei^  ia  peih^a  one  of  the  moat  ''■"''■""^■"'liiifl  fliaiathiililiia 
of  poljbaaic  acida. 

We  now  proceed  to  deaeribe  the  modea  of  fomiatioti,  pnjpotiea,  and  NKtiDna  of 
amic  aeidi,  diTiding  them  into  3  elaeiee,  aeeording  aa  3,  8,  or  1  atoma  of  hjrdmgwi  ara 
replaced  in  the  type. 

OoM  1.  They  repreaent  the  tm  NHHH  EHO  In  iriiieh  3  atoma  of  faydrogea  m 
RpUeed  by  one  diatomio  acid  radicle : 

Solphamio  add RH.KSO*AO 

Caibamieadd NHACO^O 

Oxamicacid BH.H.CK>*AO 

Sxcdnamio  add NB.H.CH'O'AO 

They  ■(«  formed — 1.  Bjaetionof  heat ob  the  add  nunoniain-aaltefadiba^aad: 

In  eome  eaao^  i.  g.  oomenamio  add,  NH'.CH'O'.H.O,  ftolonged  boiling  of  the  tm- 
■aniiim-aalt  with  water  ia  aaffident. 
3.  Bj  action  of  BmDMnia  on  anhydridea: 

C"H"0'.0  +  HH"  -  NH'.C'SiwH.O 

CamphiHic  Cimpbuuakt  arid. 

The  beet  mode  ia  to  diaeoWe  the  anhydride  in  ahaolate  aloohi^  and  to  lead  irj 
ammonia  into  the  aolntion.  The  reaction  tuca  place  with  3  atoma  of  »""""'»,  an  aaata 
tf  anunoniom  being  formed, 

3.  By  action  of  ammonia  on  add  aalta  of  organic  radidea: 

Cra'O.fCHnH.O'  +  NH»  -  HmC^*0.ttO  +  Cff-ttO 

Add  hIIctI^  at  DMhil.  Ulnluik  add.  KKbiUe 

lllMijUtMeflletM.i  akntiol. 

4.  By  action  of  aqseoo*  ammmia  on  atheia  of  dihaaia  aoida,  (Qorhard^  CUa^ 
Mg.  IT,  p.  6SB>) 

CB!KS'.(S?B^W  +  NH"  +  HK)  -  NH'.C"H»OVa.O  +  a/ITH'.H.Ov 

••aaleacld.  V,    Aleobot.  / 

6.  ImideiL  bcnledwith  dilnta  "™»'™'%  take  Dp  H*0,  and  fonaamieaoda:  tamm 
"■  •     ■■       -"-^UieaamereadiDn: 

S.CHW.H  +  EPO  -  umoSi'o^o 
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t.  Bj  bwtiDg  aUnlimidoi  with  dilate  unmonik: 

N.CH'.C^'O'  +  HK)  -  Nh!(?H'.C'HWH."0. 

I.  The;  lepraeDt  Uie  ^pe  NH',H*0  in  which  kvi  atomi  of  hjdngan  IM 

by  othet  imdiclei,  one  of  which  moit  be  »  pf ' — n  -••-i.     «tL  .  __>_ 

known  memben  of  thi«  cUm  «fe  ft  few  phenyl-a 

N.O^'.CH'O'.H.O,  u  ui  eiamrJa 

Therr  are  also  certain  nitrc^eniud  triia,  which  either  exijt  rakd;  fiinned  in  natniiv 
or  >n  prodacti  of  the  defoinpoeitioD  of  other  oomponnds,  which  we  maj  regard  u 
amic  acids.  Thiu  gljnwoll.  PH'SO',  i*  the  amic  acid  of  gljcoUic  ■cid.C^'O.H'.O' 
aodmajbe  written  IiH'.CB  O.H.O.  Hip^mrie,  choleic,  and  other  addji  maj  alio  be 
regarded  h  amic  acidi ;  bat  their  conititatioD  ii  a>  jet  bnt  imperfectij  nadHitood. 

Amic  acid>  aie  diitinct  monobasic  acidi :  thef  form  well  defioed  aalti^  irtiicb  ai« 
genenll;  more  salable  than  thoie  of  the  correBpoudjiig  dibuio  acida,  Th«7  m*  mestlj 
■olid.  djitaUiue,  not  volatile  witbont  deoompoeition.  Wb«i  heated,  muj  ol  them 
lose  the  element!  of  I  atom  of  water,  and  are  conTertad  into  imidn;  othen  are  ioeotB- 
posed  into  a  dibaaic  anhydride  and  a  primaiy  amine.  When  boiled  with  mino^l  acub 
or  alkalis,  thev  mostly  take  np  the  element*  of  I  atom  of  water,  and  ragenente  the 
corresponding  oiboaie  acid,  and  ammonia  or  a  primaiy  amine:  in  some  cues,  tltemeiv 
boiling  of  their  aqosoa*  a^ntioDs  sofflcea  lor  thii  reaetioa ;  iBOthcn^  hstoo  wMt  solid 
potash  i»  required : 

^    *  H^i  -  c^KfM'.O'  +  ti.cm\v 

Ktd.  aucdnk  Kill.  PbafluaiH. 

c  adds  regenai«l«  th«  GeReeponding  dibasic  add,  with 


NH'.CH'O'.H.O  +  HHC  -  (?fi'O«.H'.0'  +  H"  +  H'tt 

HikmkKtd.  lUleactd. 

Like  all  decided  adds,  amic  adds  team  ethetB,  i.  s.  ssltt  of  alcofairi-iadideii  Tbtm 
amie  ethers  are  aometiinea  called  urtiltaiui  (or  amethanes),  the  fbrmer  tiaaiQ  bsring 
been  applied  to  the  earliest  discovered,  carbsJnio  ether,  liey  are  formed  bj  the  is- 
oomplete  action  of  ammoni*  on  the  ethen  of  dibasic  adds : 

i?o'.(c?H')".o'  +  NH'  -  mScwcS'.o  +  (m.*M.O, 

Oultc  tthmr.  Oirunk  Mkn.  A1c(ri>ol. 

They  are  iaomeric  with  alfcalamic  acids.    When  boiled  with  water,  add^  or  alkalii^ 
Ihey  are  conTerted  into  dibasic  adds,  alcohol,  and  ■'"■"""ri : 

NH'.CK)'.{?H'.0  +  2HK)  -  CTCmO'  +  PH'.H.O  +  HB". 

OumlcKbn.  OuUckU.  AluiioL 

Excess  of  ammonia  conrerts  them  into  primaiy  ■<i«iiiiil»«  ^,  t^j  —  |r,  ^^  (j_ 

Amle  >•■•■■  This  name  may  be  giTcn  to  a  class  of  bodies  prodneed  by  theaetioa 
of  ammonia  on  the  oxides,  or  cMoro-  or  bromo-  bydrstee  of  polyatomic  ■lcoaol■IadicleE^ 
and  which  are  related  to  the  polyatomic  alcohols  in  the  same  way  as  the  onue  aeidt  to 
the  polyatomic  acids.  Their  leading  properties  may  be  eipnased  by  iiniiTsi-iiliin 
them  sa  deriTed  &om  a  combinatjon  of  the  ^pes  NH*  and  H*0. 
The  following  bodies  belonging  to  this  class  are  already  known : 


i,»,<™...o       -K'^iS^.^jiS 


DigljMlMMne.  CHi'NO*  -    ^''^^[oi 


.    B.CWO.H' 

.    H.CB.H" 

.    H.CHWI'.H*. 

TfatfT  ^'fl^  tram  tlM  iirnnnnlnm  i>1f  of  tiudr  icidt  in  oratuiuiifl  tin  tS^ntti 
lalomof  nteilM: 

ini^  m  (imiwd :    I.  B7  tha  actian  of  uniiionlm  on  anhydiidea  (Qcrhardt). 
(C'HK))'0  +  BH"  -  (7H»O.H.O  +  V.C'BH>.B* 


Thi*  method  ii  cspeciilljad^jltd  to  thsSwmatioiicif  tliOMmmidMi>iiielianio*dDlil> 
or  Beulj  H>,  in  water. 
S.  Bj  the  action  of  ammonia  on  «tlien: 

CHK).C>H*.0  +  NH-  -  CHW  +  1T.CHS).H» 


Thii  method  ii  peenliailj  adapted  to  the  fonnatioD  of  wdnble  ""■<'ti  ffljcoridaa^ 
with  ammonia,  aW  jield  an  amidt^  and  glycerin.    (Berthelot) 

i.  Some  priniaij  amides  baia  ipeeial  methodi  of  fbtnatioa:  «.  j.bMitamide  i* 
tbcmed  b;  oxidising  hippnric  add  with  panmde  of  lead : 

CHWO"  +  80  -  N.CTH'O.H*  +  SCO*  +  HK) 

Primarj  amidea  are  moatlj  aohd  and  ajitalline,  eaiilj  fiuiblc^  DeatnJ  to  tMt  paper. 
Tolmtile  withont  decompaaitioD.  Soma  of  them,  t.  g.  ■eetamide,  combine  with  aeida : 
others  e.  g.  bemamide,  can  exchange  1  atom  of  hTdroges  for  a  metal,  fbnning  nutalHe 
■alts,  or  alkaUmJdea.    Tbej  aie  ^enerall^  aolnble  in  alcohol  or  ether :  K>me  in  water. 

Reaction*. — 1.  Boiled  with  amdi  or  with  allalis  (aome  with  ntar),  thtj  take  up 
H'O  and  regenerate  the  acid  and  ammanla. 

2.  Treated  with  phoe^horie  Mihjdride,  tbn  loM  H'O,  and  71^  the  eoneepondiiig 
nitrilei    The  earns  reaction  frequently  takee  place  when  th^  are  paawd  in  the  atate  at 

vaponi  over  eanstic  lim^         

N.CHK).^  —  H^  =  N.C^H" 

S.  ^K«ated  with  peotachloride  of  pho^ona,  ther  behaTa  aa  thowh  tbn-  w«« 
oxidea,  yielding  o^cbloride  of  phoaphonu,  and  the  ducrida  of  the  tadii£i  which  thej 
m^  be  iqipoaad  to  contain,  if  denTedfrom  thet3rpe  HBO   (Qeihardt): 


(aoeto-nitrile^ 

4,  TTith  mtmiiB  add  they  yield  their  coireaponding  acid,  wiUi  erohitian  of : 
V.CE'OSf  +  HO^  -  UN  +  HS>  +  (?H'0' 


2.  Btcondary  Amidtt, — They  nqireaent  1  Miolaenle  of  animoni%  id  irtiidt  3  atcniM 
of  hydrogen  are  i^laced:  (a)bj  3  monatomie  add-tadides.  {b)  ^  1  diatomie  aeid< 
radicle  of  a  (dibanc  aeid). 


3.  Tirtiarg  Amiitt.—Tii.ej  npreMnt  I  molecule  of  siiuiionu,  in  wUcb  ill  tha 
hydrogen  ia  raplaeed :  (a)  b]t  S  monatomi^  (i)  bj  1  liiahimic  tnd  1  monatomie,  (e)  bj 
I  tnatumie,  aad-ndicla: 
a,  W  an  rtfUetd  by  1  monalomie  radick*  : 

Snlphophanyl-beniojI-Metaiiude         .        .    N.C'HW)».C'HK).0"H*O, 
i,  U'  an  rtpjoaai  bg  1  diatomie  and  1  vumatonie  radiclt : 

Snlphophenyl-aacdnamide  .        .        .    K.C^'SO<.(C*H<0')*. 

Thej  ua  Ibrmed  bj  tlM  ftctioii  oT  ehlondei  of  kcid-TBdiclM  on  tiia  metallic  Mdta  if 
aeeondaiy  unidea  (tertiaij  alkalunidca) : 

N.CH«0'.C'HK)-Ag  +  C?H'0.C1  -  AgCl  +  N.(?H'S0'.(7HK).C'HK) 
H.CH'O'^  +  PH-SCa  -  AgCl  +■  N.CH'O'.CH'SO". 

Their  reacttona  are  bat  liltla  kooinu    BoiI«d  with  dflnte  ammonia,  tlie  amidM  of  daat 
(A)  gire  the  ammoninm-aalt  of  tha  cone^ponding  amic  add : 

H.CH'O'.CHW)'  +  NH*J.O  -  NC?'H'0'.CH*SO'.aNH'.0. 

e.  H"  ara  raplaetd  by  I  triatomic  radieU.    To  Uiia  eronp,  bj  tl 
mode  of  formatioti,  the  following  mineral  eompouudi  bekng : 
N.(FO)''  .  Gerhanit'a  biphoiphamide  (phoaphaiylamida)  —  FCH(NH')H<  —  SHY) 
M.N."      .  Free  nitrogen  (Vitroao-nitrile)       -  NCJJH'       -  2H'0 

H.{NO)".  Mitroua  onde.  (Hitio-nitrile)  -  HO'jm'       -  2ffO. 

IL  Slamldea, 

I.  Frimari/ Dianidei. — Thej repieaent  3  moleenlM of  anunooia in wbieli  2*toiaa 
of  hydn^n  an  replaced  hj  1  diatomii:  add-radicle. 


Solphamida       . 
Oxamide 
Snecinamide     • 
Carbamide  (nna) 


N'.fSOn-.H* 
N'.(C?0>)-.H' 
N'.{C<H'OT.H* 
H'.(CO)'£' 


They  difibr  bom  the  normal  ammoninm-aalla  Of  their  adda  it 

CKJHNH'l'  -  2HK)  -  K'.CTJ'.H* 
Ouliu  at  Oumida. 


ia  on  chloridea  of  add-radidea : 
CfH'O'.Cl'  +  aNH*  -  2HCI  +  H'.CH 
ChlstMa  of  Sucdu 


K.CO^  +  ITH'  -  K'.CO^* 


and  forming  deuiit«  aalta:  cy.  una,  upangine,  &_. 

Rtoetiotu, — 1.  Many  of  them,  when  he^ed,  erolre  ammonia  and  yield  imidca. 
3   Boiled  with  adda  or  alkalia,  the?  take  up  2H<0,  and  n^enerale  the  add  and  am< 

IP.CTO'.H'  +  2W0  -  C^\W  +  aNH". 

3.  With  nitrona  acid,  they  regenente  their  dibaaic  add,  with  erolntioD  of  nitrogvs 
(PiriB,MaIagnti): 

UPSPO'.'B*  +  SNO^  -  3NS  +  CV.H*  +  2HK). 

OxamldB.  Oialk  vkd. 

Intermediate  between  piimaiy  and  aecondary  diumidu  moat  be  claaacd  the  bodies 


If  ill: 
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AMIDES. 
Am»m. 

proent  1  moleeala  of  MDmonu,  in  wUflh  1 

nie  baie-ndide,  wbeUiBT  &  meUl  or  an 

H-K-H" 

.        .        N.CH',H>. 
■ragoneisU?  obtaiosd  by  th>  >ctioD  of 
u  >■  foimed  br  tlu  utioa  of  um>om> 
_+  NZa-H'.-WhBri  tr«t«d  with  w«« 
imaiT  Mnidea,  yislding  ■■""■""■*  mod  tlw 

1.  Primary  JmiflfiL—TheTni 
hjdrogMi  ii  »pl«ed  by  >  monsto 

HrthjUmiM     .       . 

EthjUmiDo        .        . 

FhuiTlamiDe  (ABiline) 
Primu7  uudm  oontaiDJnc  metaL 
en  ths  tuttl  oi  it*  Slide.    ZiDauni 
•thTl :  Zd'(?H'  ♦  NH'  -  Htm* 

ktomof 

of  thamaUL 
Prinuj;  amines  containing  oiginie  ndido  an  fonaed : 

n  hjdrobiomic  or  hjdriodie  ethen  (Eofm»iiB) : 
CHI  +  IfH>  -  HI  +  S.CH'.H' 


S.  By  aotion  of  potaeli  on  ejanic  ol  ^anniic  ethen(Wniti): 

N.CO.CH"  t-  K-SH)"  -  CO.K'.0«  +  N.CH'.H' 
Giauuof  CubDiiiUaf  HMhfl- 

I.  Bj  action  of  tedoeln^  *g«iita.  Tic  alkaline  hydromlphAtea  (Zioin),  aeelate  of 
Inn  (Bichamp),  on  certain  nitro-coi^iigated  bydroearbona : 

l?H'(NO')  +  H'  -  2HK)  *■  N.OW.H' 

TiitmbounB.  PhmjloDliM. 

Their  fijnuation  is  alio  obeerred  in  die  dtj  diilallatioii  of  aereral  nitiognued  orgaaie 

■nbatancea,    (For  the  variooi  modn  of  formatioD  of  monamince  in  genanl,  frimaij, 

Moandaiy,  and  tertiaij,  aea  Kiknli,  Lehrb.  d.  oig.  Cbemie,  pp.  4S1 — iH.) 

Theee  primary  amiDee  are  mottlf  liquid,  bOTling  at  a  low  temperalore,  and  ToUtile 
withont  decomposition.  They  etnkingly  Kaemble  ammonia  in  all  their  propertin : 
tike  it  they  have  aatrong  alkune  reaction;  thn  combine  directly  with  adda,  fomung 
■alto,  Thence  thn  are  exoelled  by  the  filed  aUuJii ;  ther  precipitate  metallic  ■»(>- 
tioiu ;  with  aDhydridee,  etnen,  and  cbloridce  of  add-rsdicles,  thty  react  prsdeely  like 
ammonia  (fimning  alkalamides,  j.  t^),  and  with  hydriodic  ethen  they  form  diamidra. 
With  nilioai  add  th^  yield  nitrons  ether  or  alcohol,  with  eTointion  of  nitrogen : 
N-t^H'-H*  +  aSCH  -  SM  +  2H'0  +  HCCH* 

Rlbrlnnlnr.  Wlraui  «her. 

N-CH-.H"  t-  NO^  -  KM  +  H»0  +  CfH'O 


In  this  groap  must  also  be  inclnded  those  amines  whose  radicle  contains  dilociD^ 
tmmine,  iodine,  or  nit^^(NO>),  substituted  for  1,  2,  or  3  atoms  ot  hydrogen :  t.  o. 
Diddonthylaminc^  N.C'HVl'.H',  Cblorophenylamine.  N.C^'O.H>,  Diehkirphe- 
nylamine,  H.CH^'.H*,  l^ichlorphenyUniine,  N.C^d'.H',  NitrophenyUmiiM!, 
N.(7H'.(N0^.H>,  &c  Their  alkaline  properties  are  len  muled,  the  n«Btcr  the  niun- 
ber  of  atoms  of  chlorine,  &e.  thej  contain.  They  are  formed  mostly  ntber  by  tha 
^rect  action  of  chlorine,  &c  on  amines,  or  by  the  metamorphoses  of  other  cotgngatMt 
compouids.  Ifitrophenylamine  is  fbrmed  by  the  reduction  of  'dinitnibeniet>e  bf 
hydrosnlphate  of  smmoniam,  just  as  pheDjlamine  rendts  bom  tha  redartion  of  Ditn>> 
bensene  by  the  same  sgenL 


Dimetfajlamine N.fCHV-B. 

Hethylethylamine        ....        N.CH'.CTH'.H. 

Ethytohenylaniin N.C^'.C^.H. 

They  an  formed  by  the  action  of  hydtiodic  elhoB  on  primaiy  aminea: 
H.CH».H»  +  <?Ht  -  HI  +  V.CE'.Cm.'H 


^ki„ 


AUIDES. 

r  doaelj  rawmbU 
duj  uniaea  two  a 


ladidM  «ontam«d 
detenDiDe  vhether 
Mo  monatomie  ndl' 


»mi«  rsdielea  (Nitri 


ea  ton  formed — 1. 
CH".!  ■  HI  + 


iai  of  hTdrtte  of  j 

iiiiulu  {n  prepeitiei 
r.  They  ■»  dow«t 
4  ezhilnta  in  tli«  i 
f  rired.  When  ictc 
le  of  »n  organie  am 
1')'  t  CHM  .  Ni 

Ui'ae,  aolnble  in  wati 
lof  lilTer,  and  a  hji 
gS)  t  HK)  -  2Ag 

and  solable  in  vkI 
le  fixed  alkalia,  libc 
to  iLcid  and  alcohol, 
nbinea  with  hydriw 
NH'I :  *o  triethyla 

CH'I,  forming  it 
ical  componnd  anu 
metals,  and  repUcir 
ilJietiisl  compound 
tioni.  The  analogy 
mie  and  1  mooato 
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«.  H*  (n  K^aced  bj  I  trialooue  i»did«  (Hitnki). 

le  (cyanide  of  mrthjl) VJ<?Bn' 


PTapiomtrile(t7Biudc  of  ethyl) H.((?B*}' 

"      -  ■■■'»  icy    '■ «-«™.^~ 


(cj«nide  of  phenyl)         ....        K.^CH*)" 
nicj  are  fbrmed— I.  By  the  sctian  of  hMt  or  dah/dndng  igeiiU  (r.^.  plu»[<I..iiic 
anhydride)  <m  Mnnonu^  silta  of  monobuic  aeidi : 

C^H'O'.NH*  -  2HK)  -  N.CH*. 

Hmm  Ditrilea  differ  from  primaiy  imidea  in  oontaining  HK)  len. 

2.  By  the  iction  of  eyuiide  of  polauium  on  inlphkU  of  ethyl  mi  potMiiain  (or  ■ 
homologous  nit),  or  on  bydriodie  ethen : 

80'.((?H*).K.0«  +  CT.K  .  SO'.K'.O'  +  CN.(?H* 
ilulphiu  oTMhi'l  Hiilph>l*iir        CpnMigr 

Uld  poUuLUiH.  pvUhLub.  rthjj  or 

IWpW-Ditlllt. 

Thii  mode  of  fbnnition  ikow*  that  nibrilee  may  alao  be  regarded  h  eymidn 
(N.CE*  —  CN.CH'),  deriving  from  the  type  CIH ;  and  it  ii  in  thU  ligbt  that  tliry 
are  lUaaUy  eonndered.  Bat,  if  we  conilder  their  fbnoation  bora  amnioniaol  aalln, 
and  their  behaTionr  vLen  bailed  with  acidi  Or  alkiJia.  when  they  regenerate  thrir 
acid  and  ammonia.— NCH*  +  KHO  +  H'O  -  CH'O'K  +  NH'.— wb  may  Ciirly 
regard  them  as  deriving  fh>m  the  same  type  with  amides.  And  we  are  led  to  consiilrr 
them  as  aauDM  rather  than  as  amidee,  by  the  &et  tbat,  in  one  of  them  at  Itait,  the 
radicle  is  deariy  a  buie  ooe ;  in  propio-nitrilc,  N.CH'.  the  radicle  is  glyerri/l,  the 
triatomic  radicle  of  the  Iriatomic  alcohol,  glycerin,  CH'.H'.O'.  Horeover,  that  tlipy 
raeemble  amines  in  the  property  of  combining  with  adds,  is  shown  bj  the  camponniU 
which  Gerhardt  obtained  by  the  aetiiui  of  pentMbloride  of  phosphoma  on  prinmry 
amidee  (o.  v.)  C'H'Na  -  N.CB*  +  HCL 

Id  oraer  to  ahow  the  connection  between  nibilee  and  the  adds  &om  whose 
ammoniam-salts  they  are  formed,  «.  ^ .  of  acetoaitrile  N.CH*,  with  acetic  add,  CH'O', 
and  acetic  compoonda  generally,  it  may  be  obserred  that  acetic  componnds  mar  l-e 
rcproentcd  u  containing  the  tnatomic radicle  CH".  Thna  acctieacid  marbpwrilti'B 
(PH*)  ■.H.O*.  deriving  from  the  double  tm  H'O';  acetamide,  N.H.CH'.H.O.  di- 
ririne  from  the  double  type  NB*  +  BK):  chloride  of  acetyl.  CLCH'.O,  dcriring  frum 
the  donble  ^pe  CIH  +  H'O :  acediamine,  N'.CH'.H*,  deriviiig  from  the  double  tj-pe 
N'H' 

We  hiTe  already  seen  that,  when  an  amine  which  containa-anj  replaceable 
hydrogen  (primst?  Or  tecondaiy  amines),  is  treated  with  the  iodide  of  an  organic  baiie 
radicle,  the  result  is  the  replacement  of  the  basic  hydrogen  by  the  orguiic  radiclf : 
but  that  when  tertiary  amines,  in  which  all  the  basic  hydri^en  is  already  replaced,  are 
similarly  treated,  the  malt  is  a  direct  combination  of  the  iodide  with  the  amina. 
Hence  we  ore  enabled  to  claaa  ae  tertiaiT  aminn  many  natoral  organic  a'kalis.  whif]) 
combine  directly  with  organic  iodide* ;  of  whose  sonstitution,  as  thn  cannot  be  formed 
artificially,  we  shonld  otherwise  be  ignorant  Among  these  are  Ue  following  bomi>- 
logon*  alkalis,  obtained  by  the  dry  di^iUation  of  aninul  matter: 


F^dine 
Pieoline 
LotidinB 
CoUidine 
Parroline 


N-CH" 
N-O-H* 
N.CTP 


Also  the  numerous  vegetable  alkalis  or  alkaloids  (quinine,  strychnine,  morphuw,  Ae.\ 
which  hare  been  exbvcted  ftom  plants.  The  m^ority  of  these  latter  eompoiuiile 
eootain  ozygen-ndiclee;  as  many  of  them  contain  2  atomi  of  nitrogen,  it  is  pcuible 
that  they  must  he  regarded  as  dianunsa.  How  many  radiclee  they  may  contain,  «• 
have  M  yet  no  meuie  of  detennining. 

1.  Frimarg  Diaminit.     )  Thev  represent  2  molecnlcs  of  ammonia,  in  which 

3.  Sicondarv  Diamin4i.\2  and  4  atoms  of  hydicgen  are  irplaced  by  1  and  Z 

diatomic  hase-radiclea-    The  only  representatives  of  these  groups  are  the  componnds 

lately  obtained  by  Holbiann,  1^  the  action  of  bromide  of  ethylene  on  ammonia ;  thn 

MDtaiu  the  diatomic  radide  ethylene,  C'H' : 

Ethjlenamine K'.{C^').H' 

KethyUnamine tP.((?W'):W. 


line*  ippen  to  \ie  produced  bj  the  action  irf  w 
oxidoB.    Some  c^the  unmomacal  compwindu  nf  cobalt  appear  to  be  of  Chii  cbuwler; 
but  further  inveBtigition  in  iiecei«ar;  Co  give  accurate  ideal  of  their  anutitatioo. 
PHOsrBtXBS,  AssiKBa,  St:binis.  —  In  consection  vich  the  banc  derivatiTeiof 


>n  of  alcoliot-nuiudeii  for  the  hjdrogca.  AU  the  compaundu  tliiia  fcrmed,  are  baaie, 
like  tbe  alcoholic  deriTatiTea  of  mniDonia,  aud  form  ults  of  exactij  Baalagooa  ehuae- 
ter.  Up  to  the  prescDt  time,  however,  the  oulj'  phoaphines,  antnea,  aad  atibines,  that 
bare  b(«n  obtiiiDi.'d  are  thna«  in  which  the  whole  of  the  hydrogen  ia  tlia  Kjf»  ii 
replaced  by  an  eqaivalent  quuititjr  of  ao  alcohol- radicle,  t.  g. : 


These  bun  hare  not  jet  been  obtained  b;  6in-et  mbatitatioti  from  tbe  hjdridea  of 
phocphonu,  ananic  and  onlimon;;  but  tbey  am  produced,  mUier  by  lubmitCiiie  ■ 
metulie  compoand  of  phoaphonu,  anenic,  or  astJJnoDj  to  the  action  of  the  iodide^ 
bromide*  or  diloride*  of  the  iJcohDl  rsdiclei,  t.g.: 


or,  better  in  moat  eaaee,  bj  tTCating  the  metallic  eompmuida  of  the  aleohol-radidea 
with  the  iodideo,  bromideo,  and  chlorides  of  phoophoms,  aisenic  and  antimony ;  Ihnii 


These  eompoands,  when  treated  «ilh  tbe  bt«mide«  or  iodides  of  the  alcoliol-rsdidei^ 
behave  exact!/  like  the  corresponding  nitrogen-bases,  prodocing  the  bmnidea  or 
kxtides  of  basea  containing  1  at  of  the  alcohol-ndide  and  belonging  t«  the  anunomui 
(fpe;  e.g.: 

aCTHV  ♦  (m'l  -  P(C?H')'I 
■Itnl.  lodUt  ef       Indtd*  of 

pboiiiiitaf.  MhjiL      eitarlpboh 

P{CIP)'  +  CH'l  -  PfCH')'(C'H')I. 

pfauaplilbv.  rthyj  phrniphfilum. 

The  phosphinea  bested  with  diatomic  bramidea{dibroiiudeofethy]ene,  for  example), 
yield,  amoDgolher products,  the  monobromideof  apbo-phonimn-molecule,  in  which  tbs 
ftinrth  atom  ot  bydn^en  is  replaced  by  a  hrominat^d  alcohol-radicle ;  thns  tziethyl- 
phesphine,  lieated  with  dibromide  of  ^ylaoe,  yields  the  monotnrmidt  ef  hmntUn^ 

PCCH')'  +  CH'Bt'  -  P[{^?H'Br)'.((?H')^Br. 
(See  AvKOMTiTK-Bians.) 

ALKALllIIKat. 

J.  M. 

1.  Secondarj,  Altai, 
of  hydrogen  ore  replaced, 

Hercnrobenzamide N.^(7H*0.H. 

AigentoeolphophenjUmi^-  "  "  -  ■■-"■'--—'' 

EtfayUbrmamide 

Ethylaretamide . 

PheDylbeDzamide  (bema 

Ethylcyanaroide 


N.Ag.CH«0».H. 
N.CH'.Cao.H. 
N.CH'.CH'O.H. 
N.C?H'.CH^,H. 
N.C>H'.CN.H. 


Those  which  contain  melvla  are  formed  by  the  action  of  primoiy  amides  on  metaQL 
^dM :  thej  are  decomposed  by  most  acids,  which  remove  their  metsl.  Those  txta 
taining  silver  ore  readily  attacked  by  chlorides  of  acid-mdiclea,  yielding  aecoodai] 
wni'J*t  and  chloride  of  silver : 

N.Ag.CTT.SO'.H  +  CH'O.Cl  -  AgCl  +  N.C*H«0'.CH*O.H, 


TUHhjUaBim.       Cj  unle  *etd. 

N.CO.H  T  HK)  -  NH"  +  CO.O 

Crunk  kM. 
e.  W  are  repUctd  by  I  monatomie  banc,  and  1  Jialomie  acid,  radicU. — tut  Hue* 
eompomd*  eomapond  to  thoie  wconduy  unidei  vhich  itb  commonlj  odled  imidM 
we  win  retain  the  Mme  tenuinatioD  for  tham : 

Fbeayl-tocciiiinude  (inccuiaiiile}        ....    N.(7H*.(C'H*Q*)' 

EUijl-cwbimide  (cjwiio  Bthm) N.C'H*  (CO)' 

Widi  the  exception  of  (yanic  ethen,  the  oslj  memben  of  thia  group  that  hare  been 
tHai&a\  are  thou  containing  phenyl  as  theiT  baaio  radicle ;  lliey  are  commonly  caOeii 
vain.  They  are  obtained  Sy  the  action  of  phenylamine  on  dibaaie  anhydridca  or 
adds  (probably  alio  on  the  eonvaponding  ehlondcia) : 

K.(?H*.H»  +  CS"O\0  -  HS)  +  N.C'H'.C"H"0' 


Boiled  witb  dilnte  ammoiiia,  Uicnr  fonn  the  ■mnuninm-aalt  of  an  amie  aod : 


Aa  eysnic  acid  may  be  warded  aa  earbimide,  cyanic  ethera  may  obrionalj  b» 
'-d  aa  alkalimidee.    With  potaah  they  exhibit  tbe  nine  naetiDn  ai  tha  fotegoing 


alkaliaidea 


N.C'H'.CO  +  K'H'O'  -  CO.K'.O'  +  N.(?H*.H». 
By  the  action  of  water  or  ammaiiia,  they  fonn  Dialkalamidea  (componndmeaa): 
N'.(CH'>'.(CO)'  +  EK)  -  CO.O  +  N'.CO.(CH'y.H'. 
S.CH'.CO  * 


e  between  prinuiTy  and  aetaniaxy  dialtialaaude*.  They  n. 
preaent  2  mola.  of  ammonia,  in  which  3  atomaofhydraeen  are  replaced,  3  by  a  diatomic 
add-radicle,  aod  I  by  a  mooatomic  baie-radiele.  With  Uie  exception  of  phaiyl-oxamide, 
N'.C^'.CC.H',  the  only  menben  of  thii  cbua  are  the  eonjKnmd  ■ran,  miiMii|iriinji 
nrea  or  carbamide  in  which  1  E  ii  replaced  by  a  baae-radiele : 

Ethyl-carbamide  (ethyl-urea)      ....    K'.(CO)'.C^'.H' 
Phenyl-carbamide  (phenyl-nrea^  ....    1I'.(C0)".CH'.H'. 

Tliej  are  fbrnted  by  the  action  of  a  primary  amine  on  cyanic  acid,  or  of  »iTnni»ii«  «« 
cyanic  ethera : 

K.CH'.H'  +  H-CO.H        -  mCO.C^.H* 

NH«  *  H.CO.C^*  -  M'.CO.CH*.H' 

Tbay  art  dacompoaed  I^  potaah,  yielding  carbonatf^  a  primary  aniBe  and  unBMii>: 

B'.CO.C^'.H'  +  H'.K'.0>  -  CCK'-O"  +  K.CH'.H'  +  KH». 

S.  Steen  dttry  Dialtalamtdtt.—Thrj  represent  2  moleenleacf  anunoni*  in  vhieb 
4  atonu  of  hydrogen  are  replaced  by  2  monalomic  baae-radietea  and  1  diatmaie  acid 

Dimethyloiamid S'.(CH»)'.(C?0')".H' 

DiphenylniociDBmide N'.(C^')'.(CTI'0'),.H» 

I>iethjIcarbaDiide  (diethyi-nrea)     ....    II'.(CH*)'.(CO)',H' 


POa"  +  3(N.(?H'.H>)  .  N'.(CH')'.PO.H'.  +  SHCL 
3.  Tertiarjf  Trial kalamidet.— The  lyanMiicethen  m».j  he  pi»ecdih  QomHiv 
fioD,  f.  g.  cyannrste  of  etliyL  N'.(50)".(C'H')>,— F.  T.  C. 

ABKMBKXSS  and  ASCMBXtZVB.     Sre  CiahukUuc  ActDC 
AKMXOIiITB.     A  rnl  Mithj  mitss  from  C\\\\t,  coDtHiniag  36-ff  aEtimon;,  14*8 
tellurium,   12-2  roppPT.   322  mprcnry,  and  3-6  qnarti,  bendes  oxygon;  pDb«blj  » 
miitnra.     {Eanim,UlicTifi  Mitieralckemie,  p,  42S.) 

AMBCOVZA.  NB'.  (SfDonymM,  FiJdJik  otto/t,  Alkaiint  air,  AmtKoniacal  gat, 
Ammoniaque,  Atnnioniai.) 

Miilory.  —  The  rarliest  mentioD  of  aqnenu  antDODia,  whkh  vu  kooni  long  belbr* 
the  gna  itself,  in  mude  by  Raymond  Lullj,  in  Ihe  tliirte«n(h  mulurv  :  he  pr^ored  it 
from  nrine,  and  called  il  iVirvuriu  v.l  ipiritut  animali:  Siaii  ^atentme,  in  (at 
flftecnlb  century,  Gnt  prepaird  it  &nm  aal-uninoaiftc :  he  still  ntained  the  name  tpinf hi 
uriaa.  It  «a>  Bcrpniiin  (1782)  who  fint  deiicQiited  it  by  the  name  ammonia.  Ani- 
tnoiuBfBl  gBB  waa  disooTered  by  rrieMley.  who  deacribea  it  in  l7Ti  by  the  luune  of 
alia/inr  air ;  he  also  olinrrrpd  itH  decnnpDnilion  by  the  electric  Bpnrk.  Sdirfle,  in  1777. 
aarertained  that  it  contained  nitrogen,  reganiing  it  aa  ■  compemnd  of  nitrogta  and 
phlopistoo.  Its  true  compoHition  was  first  ascertained  by  BcrthoUet  (1786) ;  and  it 
(THB  finally  analysed  with  etilt  (^renti-r  exaclaesa.  by  his  son  Am.  Berthollet  in  1808. 
Satural  Sourcet.  —  Ammotiia  exists  is  the  air  ns  carlwtute  of  lunmooiani :  in  rain- 
water, fspeciiilly  in  that  of  thander-shoirera.  as  nitrat*.  In  lea-water,  and  in  m&ny 
mineral  springs.  In  most  kinds  of  rlay  and  w>ila:  in  iwnquioxide  of  iron,  and  in  the 
majority  of  iron-nres.  Sal-am moniac  and  anunonium'alum  an  ibimd  as  minenla,  the 
former  chiefly  in  rolranic  regioni,  and  in  some  speciniens  of  rock-«alL  As  ammoniacol- 
aatta,  in  animal  fluids  and  excrements  (eqieci^y  in  itrine),  and  ia  the  joicea  of  many 

Fornaxtion.  —  Ammonia  eaannl  be  formed  by  the  direct  combination  of  its  elemmti 
in  the  tree  sljite.  When  1  toL  nitrogen  and  3  toIb.  hydrogen  are  passed  Unonjcb  a 
red-hot  tube,  no  ammonia  is  formed,  not  eTen  if  spongy  platinum  be  pnaenU  But  it 
is  formed  with  great  readiness  by  the  combination  of  its  eltmi'iits.  when  one  or  both 
of  them  i»  in  the  nnscrnt  state :  Lt.  at  the  moment  of  its  liheralioo  from  another 
compound:  and  in  this  manner  ammonia  may  be  formed  from  many  anbstancea,  organic 
and  inorganic, 

I.  Friia  inorganie  tidntanea.  —  On  i^iting  a  nixtnre  of  oxygen,  mOogen,  >nd 
(KceBS  of  hydrogen,  nitrate  of  ammoniom  is  formed.     (Th.  Samsurc.) 

0.  Formation  from  naivnit  hgdrogen  and  frrt  niirojwi.  ^  Water  COBtaining  at- 
mospheric air  yields  nitric  acid  at  the  poBitive  pole,  and  ammonia  at  the  negative  pole 
of  a  Toltaic  battery  (Sir  H.  Davy).  Moiiitened  iron'RIin^  in  rantoct  with  atmo- 
spheric air  or  nitrogen  at  the  ordinary  temperature,  induce  the  formation  of  ammonia 
(Chevallier,  Berzeliua).  <Will  states  that  no  ammonia  is  thus  formed.)  Thia 
renetion  aceonnts  for  the  existence  of  ammoniH  in  rust  of  iron,  and  iron  ana  geosnJIy. 
When  liver  nf  snlphar  is  fused  with  an  equal  weight  of  iron-fllings,  and  water  dropped 
on  the  hot  mass,  ammonia  is  evolved  (HoUunder).  When  crrtain  mel»iU  which 
combine  readily  with  oxycen  (potassium,  arsenic,  lead.  iron.  &c.)  are  heated  with  the 
hydrntea  of  potoMiiim,  eodium,  bariom,  or  cnlciam.  in  contart  with  air,  ar  "  ' 
iMmed.    Faraday  states  that  this  formation  of  ammonia  taki^s  place 


sphere  of  hydrogen:  a  tiCt  explained  by  liischof  as  arising  &om  the  diiHcnllj  of 
obtaining  hydrouen  free  from  atmospheric  nir,  Reiaet  also  points  out  that  the  hydrogen 
will  contain  nitric  oiide,  [f  the  sulphuric  ucid  employed  for  its  generation  eontaina 


nitric  acid  oi .. 

b.  Formation  from  tuaeml  nitrogen  and  free  hydrogen,^  A  mixture  of  2  vols,  nitric 
oxide  and  6  vols,  bydropen  (KiBaeil  oier  gently  heated  spongy  platinum,  yields  amin*i>ia 
anil  water  (Hare;  Ville,  Ann.  Ch.  Pliy».  [31  ilvi.)  The  Kune  gasua  when  powni 
thrnugh  a  red-hot  tube,  only  yield  ammonia  when  some  poroos  sulwtance  is  prftunt; 

Eumice-rtone.  or  ferric  oxide  acts  moat  enerpotioal ly  (Reistt).  Nitrous  oiido  and 
yclrogm  in  excess  yield  ammonia  when  in  coiil.ict  wilb  hot  spongy  platinum  orplati- 
BDm-block.    Hydn^n  saturated  with  nitric  acid  vapour  acts  in  a  similar  manner. 

e.  Formation  from  nascent  hi/drogen  and  naactnt  nitrogen.  —  Moist  nitric  ozidr 
passed  over  hestfld  iron-fUinge  yields  ammonia.  A  mixture  of  nitric  oxide  and  hydro- 
sulphuric  acid,  passed  over  heated  soda-lime,  yields  ammonia  (Ville).  Ortain 
'  *  h  deeompoee  water  at  a  high  t*m|ieratiiro  (iron,  ilnc,  ie.),  when  trtiat«H] 


.     _      .  i((rjc  orids,  eiplndea  by  (be  electric  ipwk,  jMi 

ing  ireter  tud  nitmgen.  Ammonia  is  violsDtlj  decompoard  si  the  ardiiurj  l«mpenton 
by  prmnJe  0/  nifn^rn.  wbether  li|:|aid  or  gaseona,  with  erolation  of  mtrie  oiidi  ud 
nitrogsn  (Da long). — la  contact  with  cUonjte  in  the  cold,  ammonim  bnma  with  a  red 
and  white  flame,  forming  chloride  of  ainmoniom  and  free  nitrogen  (4NH'  +  CI"  - 
SMH'CI  -f  N);  whenehlorini?  itpnwediato  stTongaqiieoaiaminoniaoraaolattoa  Dfaa 
unraoniscal-salt,  ctilnride  of  oitnigen  ii  also  fenmsd.  ^  Iodine  data  not  deconpan, 
diy  ammonia :  in  pieseace  of  water,  iodide  of  ammoniom  and  an  iodine-dBira- 
tiva  of  ammonia  are  formed. — With  bromine^  ammonia  jielda  bromide  of  aima''* 
nium  and  fne  nitrogen, — Fuaed  with  Tapoor  of  jihotp^oriii  thimgh  a  red-boC  tnbr. 
ammcaia  yields  phoxphide  of  bydn^a  and  fi«e  niCragra. — PuM«d  over  rad-hot  ciar- 
and.  ammonia  yieldn  rranide  of  ammoniom  and  trve  hydrogen.^ With  binlplHdt  a/ 
carbon,  ammonia  Rires  bydroBnlphoric  and  anlpbocyanic  acida  {NH'  +  CS*  —  Hfl  + 
CSH). — When  poCiutiuia  or  Kidium  is  heat^  in  dry  ammonia,  hydrogen  iaamlved, 
ita  plac«  being  eapplied  by  the  metal,  and  aitride  of  potaaaiiun  and  hydrogon  (polana- 
mine).  NKH',  ii  formed.— In  mntart  with  linc-ethyl.  ammonia  giree  linc-flmilie  NZnH" 
and  hydride  of  ethyl,  CH*.  Hsny  nutaliie  oxidim  decompooe  ammonia  with  the  aid  of 
beat :  the  pioducts  are  sometimes  water,  aitiogen,  redaccd  metal,  and  more  or  leaa  ef 
an  oiygen-oiinpoBad  of  oitn^D  ;  >omettmes.  water  and  a  metallic  nitride.'-AmmoiiU 
reacts  with  anhydrouB  acida,  chloridn  of  aiCtd'i^diriea,  and  many  rompontd  ethen, 
^ving  amic  aeidi,  or  amidei.  In  like  manner,  it  giT«  with  many  deriTatirsi  of  the 
alcohols,  amie  btuti  or  antinrt.    (See  Amo  Aoms,  Amic  Basn,  Ajmin,  Avims.) 

We  hare  seen  Chat  ammonia  is  decompoaed  by  certain  metals  and  metallic  oxides, 
bydrogen  being  liberated,  and  compounds  form«l  representing  anmoni*  in  which  a 
part  or  the  whole  of  the  bydrogen  is  replaced  by  a  melsL  There  m  Mruin  organic 
compODnds  {f.g,  monobasic  anhjdridea,  compound  ethers,  ftc.)  which  are  cqiaUe  at 
decomposing  ammoniH  in  a  similar  manner,  with  formation  of  compounds  repraacntii^ 
ammonia  in  which  the  hydrogen  is  wholly  or  partially  replaced  by  an  of^atiic  radicle, 
acid  or  basic  The  nameious  and  interesting  class  of  componiids  which  are  thus 
farmed  from  ammonia  by  the  partial  or  total  replacement  of  ita  hydiogen  hj  other 
radiotes.  organic  or  inorganic  acid  or  basic,  ia  known  by  the  generic  naBM  of  ow^.- 
under  which  name  thej  are  folly  described. 

CnnAiRafi'oni.  — I.  Ifi'M  Water  {Solution  0/  antmonu,  Aqutma  ttimnmia,  at 
simply  Ammonia,  Spin'U  0/ iarttAom,  Salmiaigeitt.  Liquor  ammtmii). 

ELoth  water  and  ice  nbsorb  smmonis  with  great  avidity,  with  considetable  erolntion 
of  heat,  and  with  great  expansion.  Dayy  found  that  1  toL  water  at  10°  C,  and  29'8 
inches  barometric  preaevtre  absorbs  S70  rnlii.  ammonia,  or  nearly  half  its  weijuht :  tlie 
ipeciflc  gravity  of  this  solution  is  0'87fi,  According  to  Dalton.  water  at  a  lower  tem- 
perature abaorba  even  more  ammonia,  and  the  specific  gravity  of  the  solution  is  0-85. 
According  to  Osann,  100  pts.  WHter  at  2i°  C.  absorb  S'41  pts.  at  £fi°  C,  fiSO  pts.  am- 
monia, 1  vol  water  by  absorbing  SOB  vols,  ammonia,  torma  a  solution  occuprine 
1-S  vols.,  and  having  specific  pwity  09 ;  this,  when  mixed  with  an  equal  hiik  M 
water,  yields  a  liquid  of  iprcific  gravity  O'StSS;  whence  it  appe«*  that  aqnems 
ammoma  expands  on  dilation.  (Uro.) 

Preparation.  —  1  part  of  sal-ammoniac  in  lamps  is  introdaced  iato  a  glass  Sank, 
with  1  j  parts  slaked  lime,  aud  from  1  to  1 J  parts  water :  and  the  flask  ia  oonnectetl 
by  bent  tubes  with  three  Woulfe'i  bottles.  The  first  bottlt^  which  is  intended  to 
arrest  any  solid  particles  that  may  be  carried  over  mechanically,  and  any  empyn*- 
matic  oil  rantalned  in  the  snt-ammoniac,  aa  well  as  to  condense  oqueoni  vapour,  eiTO- 
tains  A  small  quantity  of  water  (Mohr  prefers  milk  of  lime).  The  second  bottle  ccn- 
taiuB  the  water  to  be  saturated  with  ammonia :  it  sboidd  contain  a  quantity  of  wat^ 
about  equal  in  weight  to  tlie  sal-ammoniac  employed,  and  should  not  be  more  tbmo 
three  parts  fall,  to  ^ow  for  the  eipanaion.  These  two  bottles  should  be  ptared  ia  oold 
water,  aud  each  provided  with  a  safety  tube.  The  third  bottle  contains  a  little  wafer, 
to  retain  any  ammonia  that  may  pass  through  the  second  bottle.  The  flask  is  then 
heated  in  a  sand-bath,  care  being  token  that  its  coo  teats  do  not  bnilover:  and  ths 
opemtioncontinued  till  about  half  the  water  in  the  flask  has  distilled  ovorinto  the  firwt 
bottle.  The  flrat  battle  then  coutains  a  veiik  and  impure  solution  of  ammonia :  thr 
•econd  a  pure  nnd  strong  solution  (if  a  perfectly  saturated  solution  be  required,  the 
quantity  of  water  in  this  bottle  should  not  eicci^  }  the  weight  of  the  •ol-ammoiuac 
employed) :  tfae  solution  in  the  third  bottle  is  weak,  but  pure. 

The  proportions  nf  lime  and  water  to  be  added  t/>  the  aal-ammoniac  in  order  to  pro- 
duce the  largest  yield  of  ammonia  have  been  variously  atated :  those  giv«o  above  m^ 
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Bt  tht  *id  of  the*e  IbIiIm,  tlie  ■trengtli  of  ■qneons  Amnionu,  tike  thkt  of  cc 
cohol,  may  b»  spproiimately  Meertained  liy  lilting  ita  specific  gnxitj.     (See   als 
■     "  of  A'U,  Jilanujaclun-     -    •    —         -    ■    ■ 


ujactun4,  and  JUinet,  voL  i 


alcohol,  may 

Oriffin'a  Tabl*  given  in    Urr'i  Dielumary 

p.  133,  and  Cbem.  Soc  Qu.  J.  iiL  !flO.) 

R(>icOB»ndDittm«r(Chem.  Poc.  Qo.  J.  liL  147),  have  cirtarmined the •monat 
•mmania-gaa  abaorbed  by  water  &t  various  preuures  and  temperstuna.  The  nwnl 
ars  given  in  the  tvo  foUoirin);  tables. 

Table  A  shoTB  the  weight  of  ammonia-gai  in  granmea  0  abaorbed  bj  1  graaui 
of  vit«T  at  0°  C.  and  TariouB  partial  preasnrca  F,* 

■  Br  putl>l  pTBunre  It  niciiitlhtUMalpTvi«ireund«r«lhidi  the  abmrpdoiL  occurs,  niliiu  Uh  t«*Hl 


AMHON'MCAL  SALTS. 

i-taltt.  Sdi  ammoniataia,  AamaniaJt- 
mUt. 

AmmoDia  combina  Teiy  re&dil?  vith  icidt,  irlilch  it  ntrntnlisM  coinpletely,  fbnoiiij 
definite  OTStaUine  ults,  known  by  the  D&ma  of  uamaiiiaciil  or  ammoiuniii-tJu. 
ThsB  ults  ue  iBomorphoiu  with  thoae  of  potuainm,  tuA  &re  in  their  genenl  prapcrtiii 
■a  cIdwIt  uialogoni  to  metallic  aalta.  that  they  u«  ontTenallj  ngu^ed  u  Wloneioy 
to  this  cImii  of  Dodiea.  There  is,  howeTer,  >  diuacUriatic  diJSeiVDce  in  their  mode  ol 
fbmution.  While  other  metaUic  eslu  «re  tbmed  b;  the  lUbstitutioD  of  ■  metil  fm 
the  hjdiDgeo  of  an  add,  e.  g.  chloride  of  tine,  ZnCl  •  HCl  -f  Zn  —  H :  ammoniAdal 
■nita  ore  formed  by  the  direct  combination  of  ammonia  with  the  add,  without  elinu- 
nation  of  hTdrogea,— c.^.  chloride  of  unmooiam,  NH'CI  -  NS<  +  HCL 

Amons  the  Taricnu  theories  bj  which  it  has  been  propoaed  to  cepretent  the  conati' 
tutioD  of  then  salti,  that  which  moet  clearly  uprenea  their  analogy  with  othei 
metallic  salts  is  nnqneaticniably  the  Ammomim  TTttory  of  Beneliua.  According  it 
this  theoiT,  ammoaiaeiil  salts  contain  a  compound  metal,  ammomuni,  KU*,  anaiogoui 
to  potasdium,  sodium,  and  other  metals,  the  salts  of  which,  amiaommn-ialu,  tit 
analogous  to  other  metaUic  salts.  Tbns.  chloride  of  ammoniom.  CIKH*,  ia  aDali^^im] 
to  chloride  of  potassiazn,  CIK;  sulphate  of  ammoninm,  SOfNH')',  to  mlphtite  <t 
potssaium,  SO'K*,  &c.  This  hypothetical  metal  haa  aever  been  iiolated.  An  amil 
gam  of  mercnry  and  ammonium  ia,  howerer,  known  to  exist,  which  affords  stniiif 
corraboratiTS  evidence,  not  only  of  the  exint^nce  of  unmouinm,  bnt  also  of  its  mclj1li< 
nature,  metals  being  the  only  bodies  which  an  capable  of  forming  «—«lg«tn«  nitl 
mercury.  This  ain^ar  aabstance,  diMotered  Bmiultaneously  in  IHOS,  by  ^beck.  a 
Jena,  and  by  Benebos  and  Pontin,  at  Stodholni,  was  Originally  prepared  by  tlie  actio] 
of  electricity  upon  aqueous  ammonia  in  contact  with  mercury.  A  strong  solntion  n 
aqoeona  ammonia  ia  which  mercniy  is  placed,  is  brought  into  the  roltaic  circle,  th< 
Degativa  pote  dipping  into  the  mercniy,  and  the  positive  pole  into  the  liquid.  An 
other  method  ia  to  djp  the  negative  wire  into  mercury,  which  ia  placed  m  n  caiil: 
hollowed  out  of  a  f^i^ent  of  a  solid  ammonium -salt,  carbonate,  sulphate,  phosphati 
or  chloride,  the  positive  wire  being  inserted  into  the  salt  itself  or  connect«d  with  i 
metallic  plate  on  which  the  salt  rests.  Oxygen,  or,  if  chloride  of  ammoniom  be  em 
ployed,  chlorine,  ia  evolved  at  the  positive  pole,  but  scarcely  any  gsa  at  the  negativ 
pole ;  while  the  mercury  increaaes  very  lai^y  in  volume,  and  assumes  the  consiHt^nc 
of  batter.  When  completely  saturated  with  ammonium,  the  mnalmin  is  lighter  thai 
water ;  obtained  by  the  former  method,  it  has  frequently  a  oijsldlioe  structore.  1 
in  a  very  unstable  componnd,  decompodag  spontaneously  aa  aeon  as  it  is  removed  fnt 
the  voltaic  circle,  being  resolved  into  liquid  metvury.  and  a  mixture  of  2  vols,  am 
monia,  NH*,  and  1  vol.  hydrogen,  H.  When  cooled  below  tfi  C.  it  aolidiflea  and  crrt 
TalliBee  in  cnbea.  At  a  very  tow  temperatore,  it  contraetJ^  and  beoomee  brittEr 
decomposition  does  not  begiu  till  the  temperature  rises  to  29°  C.  According  to  l^ir  li 
Dnvj,  it  contains  1  atom  NH'  to  7fi3  atoms  mercury.  The  amalgam  may  alao  \. 
prepared  without  the  intervention  of  electricity,  by  bringing  potasiiniD-  or  sodiom 
amalgam — the  latter  is  more  energetic  in  ila  action — into  contact  with  an  smmonium 
salt,  either  solid  and  moistened  with  water,  or  as  a  concentrated  aqneoia  solutioc 
The  amalgam  thus  prepared  contains,  according  to  Qay-Lnssac  and  Tbiuaid.  1  pai 
nitrogen  and  hydrogen  to  1800  parts  mercoiy.  It  containa  a  certain  portion  of  potai 
sium  or  sodium,  and  on  thii  account  ia  leas  unstable  than  the  amalgam  prepani]  b 
either  of  the  former  methods ;  it  may  be  preserved  for  a  considerable  time  in  ash; 
droua  rock-oil,  or  in  an  atmosphere  of  hydrogen. 

Formation. — Ammonium-saJts  ate  formed  by  bringing  ammonia  or  earbooatc  of  am 
moninm  directly  into  contact  with  acida. 

iVopfriiu.— Ammonium-salts  ara  isomorphous  with  potassium-sal ta.  They  hai 
mostly  a  pnngent,  saline,  somewhat  urinous  taste.  They  are  all  soluble  in  wste 
generally  with  &cilitj :  less  soluble  in  alcohol  or  ether.  Ammonium-Mlta  of  oolooria 
acids  are  colonrleea. 

Biactioti»  ef  Amntonivnt-taltt.  Tettt  for  immania.  —  Amnioiiiuni-sali 
are  variously  affected  bj  heat :  all,  however,  are  wholly  or  partially  volatilised,  wit 
or  without  decomposition.  The  carbonate,  and  those  which  contain  no  oxygen  (cblodd 
iodide,  &C.),  are  volatilised  undecompoeed.  All  others  lose  their  ammonia  whan  he^tA 
Some,  e.g.  the  phosphate,  and  borate,  evolve  ammonia  ondecomposed,  leaving  the  adi 
Olheia.  e,  g.  sufphat^  evolve  nitrogen,  the  add  being  more  or  lees  completely  rwlucr 
by  the  hydrogen  of  the  ammonia:  the  nitrate  is  decomposed  into  nitrous  aside  an 
water.  Theii  aqueous  solution,  when  exposed  to  the  air  (still  more  nipidly  wbe 
evaporated),  generally  toseH  ammonia,  an  acid  salt,  or  a  normal  salt  mixed  with  «x«p^ 
of  acid,  being  formed:  hence,  in  crystallising  an  ammoniiim-Balt,  ammonia  mwt  f 


onally  added  during  evapomticn. 
solution  yields  bydrochlonc  acid  and  nitrogen  ; 
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entirclj  rolutitc,  and  when  oo  other  Tolntile  or  dMomporitil*  nim- 
pnnnd  ia  praaeat  The  Bubstunce  under  eiumliiatioa  is  hwted  in  n  walfr-luth  until  it 
cflHues  io  Igsb  ireight  -  it  U  then  moderutf t/  i|rnit«d  Hud  wci;>lieJ  djfniji.  vhea  thv  kM 
of  weight  reprewnla  the  smoout  of  ■nimnniuia->ult  pment.  Thii  is  a,  coaTuui-iit 
method  for  the  estimation  of  chloride,  nitratv,  or  Doraud  nulphotd  of  uomoniiuii.  is 
jireienee  of  the  eorreBpontling  Bxed  alluhnB  iiiilt& 

Ammonia  majabo  be  Htimated  b;  diHtilling  it  in lo  a  known  (]uitntity  of  dilute  ari'l, 
mnd  determining  TotumetTicaUy  bj'  >  Ktandunt  alkaline  nluliou  the  excess  of  tree  kciiL 

The  following  ue  the  principal  ammoaiuni-tiiilts: 

1.  AcHTaTBS  OF  AiiiiQsniii.  a.  yorinal  install,  CH'O'.NH'. — A  white  odoorlea 
salt,  obtained  hj  satunitmn  f;1iida1  acetic  acid  witJi  di^  ammonii. 

ft.  Jdd  aeetait.  CH'O'.NII'  +  C-H'O'.— OMninc^  an  a  while  crTStsUine  mibli- 
IBAle,  vbcn  di^  powdered  chloride  of  ammonium  ia  treated  with  an  egaal  weight  ot 
acetate  of  pot&uiam  or  calcium,  smmonia  beijig  giren  off  simuttaneouifj.     (See  Aite- 

TATSS,  p.  l':i.) 

2.  CasBONATia  OF  AjnomvM.  — H.  Boie  (Pogg.  Ana.  ilviiL  3fi2)  admilB  the 
exiiteoee  of  %  coDsiderable  Dumber  of  carboaolce  of  anuoonium,  to  which  he  aatigns 
very  rarioiu  vid  complicated  formnhcv  But,  accordina  to  H.  QeTille  (Cowpt.  rrnii 
xziiv.  8Se  1  Ann.  Ch.  Pb}'(.  [3]  xL  87),  there  ezlat  only  two  ou'baDiUa  of  aaunoDiani 
of  definite  composition. 

a.  Sormal  carbonati.  CO^NH')'  [or  CO'.KS'O  -  CO:NS:BO].—TlaM  salt  Iiai 
uerer  been  iaolaled.  The  salt  which  crystaUisce  from  an  olroholie  solution  of  irwiDi- 
carboEute  of  ammonium  salnraled  with  ammnuia.  is  aimplj'  sesqiiirarboQate.  Keitlier 
can  it  be  obtained  from  a  saturated  solutinn  of  cammcrciid  >ea^uicsrbooat«  in  strong 
aqueous  ammonia.  It  may  be  obtained  in  aquwns  or  almholic  aolution,  or.  as  seeqni- 
carbonate.  in  combination  with  the  acid  carbonate  {iij,  (Felouie  et  Frsmy,  Tiaila 
do  Chimie,  ii.  222.) 

i.  Jcid  carbonale,  CCNH'.H  [or  Cif.NH'O  +  CO".  ffO.]— Obtained  bj  saturallng 
an  BqueoDS  solution  of  amannia  or  aesquicarbouute  of  ammonium  with  caibonic  aii- 
liydrida.  Or  by  trestina  the  commerciikl  stsquivarbonate  finely  powderrd.  with  alcoLiJ 
of  90  per  cent.,  which  dLasolves  out  normal  curbouuti',  leaTing  a  residue  of  acid  mr- 
bonate.  Sesquicarbonats  of  ammonium  is  similarly  ilet'Omposed  by  cold  water;  bul 
in  this  case,  a  larger  qnantity  of  the  add  carbonate  is  diwiolTed-  All  carbanatea  n( 
ammoninm,  when  lefl  to  theaiselves,  are  gradually  converted  into  acid  carbaaata.  It 
forms  larn  cryatala,  belongiag  to  the  ri^ht  prismatic  or  tritnetric  system.  AccorHioa 
to  Devi  lie,  it  is  dimorphous,  but  never  uomnrphons  with  acid  carbonate  of  potasainni. 
Whrn  exposed  to  the  air,  it  volatilises  slowly,  without  Uicoming  opaque,  and  givug  ulf 
a  slight  ammoniacsl  odour.  At  the  ordinary  temperature,  it  is  soluble  in  6  parta 
ofwater;  if  this  solution  be  heated  above  36°  C.  it  is  decomposed,  evolving  cai^mnie 
anhydiide.  Even  at  ordino^  tempcmtares,  tbe  solulicn,  whether  concentrated  or  dilur<-. 
graditally  becomes  ammoniacal  on  keeping  (Omelin).  It  is  insoluble  in  alcohol; 
but  when  exposed  to  the  air  under  alcohol.  It  dissolven  as  normal  carbonate,  erolvuiy 
carbonic  anhydride. 

It  has  been  fonnd  native  in  considerable  qoantity  in  the  deposits  of  guano  on  the 
western  coast  of  Patagonia,  in  the  form  of  white  crystalline  masses,  with  a  strong 
ammoniacal  smell.     (Ule z.  Ann.  Ch.  Pharm.  IxvL  44.) 

e.  SciqmcaTbonatt.  CTJ'N'H"  +  2HK)  [=  iCC-iNB-O  *  iff 0.] -Obtained  by 
dissolving  commerciul  carbonnte  of  ammomom  in  strong  aqueous  ammonia,  at  aliont 
30°  C,  and  crystallising  the  Bolntioa.  It  forms  lnigetninspHreDtet7Btnls.  represeDtiac  a 
Fight  Tcctangular  prism,  with  the  faces  of  the  corrosponding  rhombic  octabeilrnit 
resting  on  the  angles.  These  crystala  decompose  very  rapiilly  in  the  air,  loaing  waTiT 
and  ammonia,  and  being  converted  into  di-and  carbonate.  This  salt  may  be  r^earderl 
as  a  miitore  or  compound  of  1  atom  of  normal  carbonate  with  3  of  atoms  acid  carbonate 
[CO'.(NH')'  +  2(C0".NH'.ni  =  CTO-N-n'T  :  a  view  whicli  is  confirmed  by  its  H.^ 
havioor  with  water  and  alcohol;  which,  when  added  in  qoonti^  iosuffident  for  (hi- 
complete  solution  of  the  salt,  dissolves  ont  normal  carbflQate,  lennng  a  rpsidne  of  aei,! 
earbonite :  100  pts.  water  at  13"  C.  dissolve  2S  pts.  scsqnicarhonate,  at  IT',  30  i*i ;  al 
32°,  37  pts.;  at  41°,  40  pts.;  at  49°,  fiO  pts.  (Berteline);  above  this  tempentiire, 
carbonic  anhjdride  ia  evMved,  and  a  solution  of  normal  carbouiite  formed. 

Commercial  carbonate  of  smmoninm  l_>al  votatitr,  talt  of  karhhnrn,  &e.)  romiat* 
of  sesqnicarbonate,  more  or  less  pore.  It  ia  prepared  on  s  liu^  scale  by  tbe  drv  di»- 
tillatioa  of  bones,  hartshorn,  and  other  animal  mntler.  The  product  thus  ohtuinci!  U 
contaminated  with  empyreumatic  oil,  from  which  it  is  pDrifir.>d  bj  sublimine  il  oaor  ur 
twice  with  1|  times  its  weight  of  animal  charcoal  in  cast-iron  vessels  over  which  trifs 
receiveia  are  inverted.  By  repealed  snblimHtion,  the  salt  is  partially  de«i>mpa>e>l. 
Another  method  of  prtparing  it  is  bv  beatinj  !«  reduesn  a  mixture  of  1  pL  riilorjJ'-  ■•.■ 
•ulphateofammouium,  and  2  pis,  curl  Kin  iilc  of  calcinm  (chalk),  or  carbonate  of  potaftnuii, 
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curboiiaU  of  ealclnm  ia  fanned.  &ud  k  iolutioa  of  mlphate  of  uuMoiam  obtsinedL 
This  solutiDa  U  mised  with  eliloride  of  Bodiam.  eTBponit«d  to  diTiKas,  aad  the  ut 
■mmaniu  Bep«nted  &otn  the  reaidus  by  lublimatioii.  Or  the  nlatiaii  of  tlu  two  nltt 
u  eTHpontAi  U  the  boiling  beat,  whenenlphat^  of  sodium,  being  len  •olable  at  a  hi^ 
thaa  at  ■  lover  temperanire,  ma«U<r  cry8tiLlli>''9  out  and  ie  remored.  Tbe  •olntion  h 
then  coaled,  irhea  the  ul-ammonme  cijstalliaea  out,  licce  ita  saliibilit7  diminialMf 
rapidlj  witli  d(«reBaa  of  temperature.  The  djiitala  thna  obtained  are  purified  U 
ahoM  deecribed.  Ferrous  milphate  may  be  em^dojed  in«t«»i  of  gyp™™  •"  conTert 
ttie  carbonate  of  animoniuni  into  enlphate ;  thii  ii  a  more  expenaiTa  proceaa,  bnt  it 
ponasMa  the  adranCage  of  remoring  the  greater  part  of  the  enpjreDmatie  oil,  irhidi 
u  eairied  down  bj  tbe  precipitated  rnin'iuJt.     (Benaliua) 

In  tlie  factory  at  Buiweiler,  in  Alsaoe.  tal-ammoidae,  phoapbonu,  and  gelatin  u« 
{nepHred  bj  the  folloiring  ingeoiou  prooeaa.  Bonei  an  digested  la  hjdrocotoric  acid, 
irhicli  dissolTea  ant  the  boae-earth,  leaviog  the  cartUage  inaolnble :  the  latter  ia  em- 
plojed  for  tbe  preparation  of  geUtin.  The  hydiochlorie  iolntion  ia  mixed  with  erada 
carbonate  of  aminoniani,  when  aal-amiooniu  ia  formad,  and  pboaphate  of  "l-i""  pteei* 
pitatsd  in  the  Saely'divided  state  in  vbidi  it  ia  beat  adapted  tor  tbe  [mpMtion  at 
phosphonu.  [For  further  details  of  the  manufacture  of  ■al-ammoniae,  see  Dictwiutr^ 
qf  Artt,  Manufactam  and  Mina,  i.  141.] 

Sal-ammoniac  is  employed  in  medicine.  In  the  labomtoi^p  it  tiam  for  the  pre- 
paration of  ammonia,  and  carbonate  of  ammoninm,  and  for  fngoriflc  mixturea.  It  ii 
empkijed  in  dyeing ;  alao  in  metal-vorka,  ai  a  deoxidisiog  agent,  especially  for  coppef- 
A  eolutioa  of  chloride  of  silvpr  in  ehloride  at  ammooium  ia  employed  for  plating  cup- 
per and  brasa.  It  enters  into  the  eompoaition  of  a  cement  used  for  fixing  iron  la 
Btotw :  this  cement  ia  formed  by  noisleniDg  with  a  aDlation  of  lal-ammoniae,  iron- 
filings  mixed  villi  I  or  1  per  cent  enlphor.  Impore  Bal-ammoniac  baa  receoUj  been 
employed  as  manure. 

4.  Bxom.-n  or  Ahmontith,  NH'.H.O. — This  compound  baa  never  beett  iaolatcd. 
The  aqaeoni  solution  of  ammonia  behaves  in  many  nepeeta  like  a  aolntion  of  hydiata 


«.  SrTBi™  o»  Amkompm,  HmKH'  [or  SVJUPO  -  lfO»Jin'.Ba].  {IfUnam 
fiammatu.) — Obtained  by  dystaUiains  a  mixture  of  nibrie  acid  with  a  alight  nxcesi  ot 
aqneona  ammonia.    It  forma  lonfr  £iible  needles:  if  the  oystalliaation  be  efiect(^i 

very  slowly,  it  may  be  obtained  in  aii-sided  prisma.  When  tbe  solution  is  evaponled  lo 
a  v«iy  small  bulk,  the  salt  solidifies  into  a  denaa  anorphona  maas.  It  baa  a  puii|;«>t 
taste.  It  is  soluble  in  about  half  its  weight  of  water  at  1S°  C,  and  in  atill  l»BtlUO°; 
ita  aatnTiited  aolation  boils  at  161°  C.,  and  contains  47-S  per  cent,  salt:  wben  diwolveJ 
in  water  it  prodoces  great  cold.  It  is  soluble  in  alcoboL  Exposed  to  the  ur,  it  deli* 
quesFM  slightly,  loses  smmouia,  and  becomes  acid.  When  heated,  it  ftues  perfertl; 
at  10B°C..  and  boi la  without  droomponition  at  180°.  Between  230°  and  iSV  it  ia  do- 
eompoaed  Into  water  and  nitxooa  oDdr.  (HCNH*  -  IPO  +  iSV).  If  it  be  heatol 
too  ra[»dly,  ammonia,  nitric  oxide,  and  nitrite  of  ammonium  are  also  formed.  (Ber- 
telina).  When  thrown  into  a  red-hot  emcibls,  it  bnmi  with  a  alight  noiae.  and  a 
pale  yeUaw  flame.  In  preeence  of  spongy  platinum,  it  is  decomposed  at  about  ITO^C 
into  nitrogen  and  nitric  acid.     (Hillon  and  Beiset.) 

Nitrate  of  ammonium  is  formed  when  a  mixtoie  of  nibogeii,  ongen,  and  axoeas  of 
hydrogen  iisabmilted  to  the  electric  cnirent;  also  when  faydtoanlphuric  add  i>  piiT  i 
into  a  dilate  aolDlion  of  nitric  add.  It  ia  alao  fbnned  by  tbe  action  of  nibrie  wdd  on 
MTeral  netala,  eapecially  tin. 

8.  HtraiTB  OF  Ahmonidh,  NO'.NH'  (  -  NC^Jfm.HO].-  Obtained  by  doable  demis- 
position  of  nitrite  of  lead  and  SDlphale  of  ammonium,  or  of  nitrite  of  sifVer  and  chloride 
of  ammonium :  the  solution  ia  evaporated  in  vacuo.  Or  by  paaeing  nitrous  fnxaea  into 
aqueous  ammonia,  and  evaporating  over  lime  (M  i  1 1  o  o  ).  It  forms  an  imparfeMl  v 
ccyatalliBed  nuue.  It  is  decompoaed  by  best  into  nitrogen  and  water.  (NG'.NE-  -  if" 
*  SlI'O).  Ita  aqueous  iolntion  is  similarly  decomposed,  auddanlj  if  acid,  gmdcujly 
if  alkaline. 

7.  Oi*UTBSo»AinioNinM.— a.  flbnMi  o*«io((L  CK)"(NH')'  ♦  H*0.— Obuined 
by  neutraiiaing  oulic  acid  with  ammonia,  and  cryMallising.  It  fbrms  long  prinni 
united  ia  tnfta,  belonging  to  the  rhombic  right  prismatic  or  trimttric  avatAia  :  aolable 
in  3  pts.  cold  water,  insoluble  in  alcohol.  It  is  very  slightly  volatile  at  orttinarr 
tempenitnres.  When  caretoUy  heat^to  220°  C.  it  is  entir^y  decompnaed  inlocartK<ui(- 
oxideaadi-arbnnateef  ammonium:  when  it  is  heated  more  strongly,  aome  oxamide  ti 
formed.     Its  solution  is  emplovod  aa  a  reagent  for  precipitating  CHlclam-eultB. 

b.  Ac'd  oxalate,  CO'.NH'.H  +  HK).  -  Obtained  in  the  eryifjaiine  form  l^  addling 
oxalic,  anlphnrio,  nitric,  or  hydrochloric  acid  to  a  solution  of  the  normal  salt.  Ir  rrK~~ 
tallises  iulbetrimetrie  system.    It  reddena  litmns,  and  ia  less  soluble  than  th*  noniui 
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with  chtoide  of  wniiioaimn,  pronded  the  rocelver  be  cooled  to  ~IB°  C.  It  tan 
colonrlew  ciystak,  which  hive  ■  atiODg  alk&liae  reaction.  At  the  ordinuj  tampvntiir 
it  it  at  onc«  decompoMd,  lotitig  ammonia,  and  being  converted  into  lulphTdral?  i^li 
This  decomposition  takea  place  eren  in  an  atmo«)heie  of  ammoLJa.  Its  oqaeotu  kU 
tioo.  which  ia  mnch  emplojed  m  a  mgent,  u  prepared  b;  dividing  a  latanlt 
aolation  of  unmonia  into  2  equal  paits,  utorating  ona  with  hjdroanlphonc  add.  u 
then  adding  the  other.  It  forma  a  colocrlew  aolation,  which  becinnca  jeUow  < 
keeping,  owing  to  t^e  formation  of  a  higher  snlphide ;  br  forthec  expoanr*  to  t) 
air,  aolphiir  ia  aepat&ted.  hjpoeolphita,  auphita,  and  Gnallj  aulphata  of  ammonia 
being  incwssivelj  fonned. 

b.  SiilphgdraU  or  Hydmulphale,  KH'.H.S. — Obtained  by  mixiog  dij  hjdiMn 
phnric  add  and  ammonia,  in  anv  proportiooa,  at  a  tempentore  above  —  IS^  C. 
u  ■  combination  of  the  two  gases  m  eqnal  Tolumea.  It  fonns  colourlne  cr7>tals,  whL 
have  an  alialine  reaction,  and  voUtiliae  nadecompoeed,  erea  at  ordinary  tempentnn 
III  aqneooii  solntion  is  obtained  by  aatnratiag  aqueous  unmonii  with  washed  hjdrosi 
phunc  acid,  out  of  contact  with  the  air.  It  forms  a  coIoutIhs  solution,  which,  bj  e 
posnre  to  the  sir,  ia  decompnsed  in  the  same  manner  as  the  solphide. 

e.  Poti/mlpkuUt. — Besides  the  above,  there  an  several  ether  compotmds  of  snlph 
and  ammonium  described,  whioh  may  be  r^uded  as  combinstiona  of  the  moncn 
phide  with  aolphur,  or  as  poljsulphidcs  of  ammomum.  These  are  — 1.  The  diMulpki, 
(NH'j'S';  2.  The  Iruulphidf,  (NH')'S";  3.  The  MriuulplHiU,  [IIH')'S';  *,  T 
pentatulphide,  (NH<)'S' :  B.  The  keptatvlpkidt,  (Nll')^.  The  most  genet^  me(h 
of  preparing  these  compounds  is  b^  distilling  the  cmrenponcling  sotphide  of  polsasii 
with  excess  of  chloride  of  ammonium.  In  the  wet  way,  thej  are  prepared  b;  adJi 
eulpbuc  to  s  solnlion  of  the  monosulphide,  and  saturating  the  mixture  altenutclj  w 
ammonia  and  hjdrosulphDric  acid.  The  bepCasulphide,  to  which  there  ia  lu  ooi 
sponding  sulphide  of  potasdnm,  ia  formed  b;  the  apootaneoil*  dfconpoAtion  of  ' 
penUaulphide : 

aCNH')"*  -  2(NH')>S'  +  NH'  +  NH'.H.S. 
It  forma  rub;-red  crrslals.     It  ii  the  most  stsble  of  the  poljsnlphide*  of  •mmonii 
Bot  being  decomposed  at  temperatorea  below  300°  C,  oud  but  vei;  ilowlj  hj  walei 
bfdiochlorie  acid. 

The  Bubntance  known  as  finning  liquor  of  Boylt,  or  volatiU  ii'wr  of  ni/pAur,  : 
mixture  of  two  or  more  sulphides  of  ammonium.  It  is  obtained  bj  distillijig  a  a 
tue  of  1  pt.  sulphur,  2  pte.  lal-ammoiiiae.  and  2  to  3  pts.  quick  lime.  It  is  a  d 
jetlow  liquid,  of  penetrating  smell :  it  fomea  stroHgt;  in  the  air,  or  in  any  gas  c 
taining  oxygen,  not  in  gases  free  from  oijgen.  It  ia  citable  of  taking  op  ir 
•nlphur,  forming  a  syrupy  fluid,  which  no  longer  fumes  on  contact  with  sir. — F.  T 

AMMOMIUH.  A  hypothetical  raetsi,  whose  composition  is  tipitmiA  bj 
fonnula  NU*:  it  is  supposed  to  he  contained   in   »"""""i"»l   salts.    (See   Aii 

MlXCU,  SuTB,  p.  188.) 

AaEMOMXtnt^a,asAXA&]c  (p.  ISS.) 

AKTMOMlmg-BAIM.  In  very  many  eases,  the  wateiT  solution  of  anmi 
behaves  with  otiier  bodies  exactly  like  a  solution  of  potuih  or  soda.  We  cai 
enrcss  this  aimilaritj  in  oar  chemical  fbrmule.  if  we  regard  liquid  ammonia  fta  a  ti 
solotiOd  of  ammonia,  NH',  in  water:  it  only  becomes  pompareble  to  the  fixed  kit 
when  we  regard  it  as  containing  a  compoand  of  ammonia  with  Wats',  NH*.B'0. 
order  to  express  this  relation  still  more  precinely.  Benelius  proposed  to  renrei 
aqueous  ammonia  ss  containing  the  by droted  oxide  of  Che  compound  group,  NH 
(NrnffO  -  *'g(0},  towhichhog»veUiename^mi:ionium,sndbymeaMofw 
tlie  ammonia-sa]ts  can  be  represented  as  eiactl;  analogous  to  those  of  potans 
■odium,  or  the  meinis  generally  (see  Ajcmomdh-Siits,  p.  IBS).  In  Ute  *r 
AjsiDBS,  it  is  shown  that  a  very  large  number  of  bodice  may  be  formed  bran  mmti- 
by  leplacing  a  part  or  the  whole  of  its  hydrogen  by  other  radicles,  simple  or  eotof  i 
When  the  hydrogen  of  ammonia  is  replaced  by  the  alcohol-radicle*  (methyl,  t 
Ik.),  at  'bj  other  bodies  which  mom  or  less  nsemble  hydrogen  in  their  ge: 
chemical  characterj^  the  reanltine  compounds  {Aminei)  ret*lB  the  Bmn  impoi 
property  of  ammonia  ilaelf,  namely,  the  property  of  fonning  definite  salts  by  d 
union  with  adds.  It  is  evident  that,  if  it  is  wished  to  express  the  analogy  of  tiie 
of  these  derivatives  of  ammonia  with  the  metallic  salts,  they  may  be  rt^mttitj 
Mmtaining  ammoniom  in  which  part  of  the  hjdn^en  is  replaced  by  other  T«di 
S«  initanoe,  hydnwblorate  of  t^iethylaInin^  N<?H"CI,  may  be  riewed  as  chlori 
biethylammounm,  [N(CH')'H]C1,  analogous  to  chloride  of  ammoninm,  (NH*)Cl 
diloiide  of  potassima,  ECL 
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FoLTt-NXOKiiiN-BAaBi. — Thsw  compoiiiidi  b«w  to  tlM  moutinmoiiiwa-h 
jnRt  described,  tha  lUna  rabtioD  that  tho  dumiiiM  snd  (zuminca  bear  to  tht  n 
uninea :  they  ton  be  conaidered  u  representing  two  oi  more  molecules  of  hjdrat 
ammoniam  in  Tbich  the  whole  or  put  of  tlie  n; drogen  ii  repUeed  bj  polyato 
radidM.  As  in  the  eu«  of  tlie  IIlOll■mIIU)m1lIn-bue^  then  ia  a  difference  between 
poI^Bnunoniniii-lKHi  in  which  onlj  part  of  the  hjdnigen  la  replaced,  aod  tho* 
which  it  ia  all  replaced :  the  former  cannot  be  obtained  in  the  inolatpd  atata ;  the  la 
are  itable  eompoundi  and  poaseM  strong  alkaline  properties.  But  both  these  da 
of  hTdratea  hare  been  lesi  atadied,  and  are  tberefnre  hitherto  leu  imporUnt,  tban 
corresponding  aalta,  which  are  for  the  moat  part  »^uallj  stable,  whether  atiU  contaii 
.Tsplaeeabla  hydrogen,  or  no.  We  ahall  tDerefore  in  this  aiticle  treat  of  the  p 
tlnnioiiinni  eompOBnda  generally,  making  no  eoential  distinction  between  hjdr 
and  other  salts,  or  between  tboae  compounds  in  which  the  hjdrogen  of  anunooini 
wholly,  and  those  in  which  it  ia  panulty  i^laced.  MoreoTer.  as  the  bodies  of 
claaa  containing  phoaphorua  and  arsenic  hare  been  at  least  as  much  itndied  aa  tJ 
oontaining  nitrogen,  it  will  be  most  convenient  to  apeak  of  the  action  of  poljali 
eomponnds  on  the  basic  deriTatiTea  of  ammonia  generally,  taking  aa  apedai  exam 
of  the  Tariooi  reactinns  hitherto  known,  compounda  containing  nitiDgei^  phospbc 
m  Biaenic,  aa  these  or  thoae  happen  to  be  beat  known. 

A.  AcrnoH  or  DuTomc  Celobidis,  BBOioDia,  ob  Iodidib  :  — 

I.  OnAmBuHiia. 

The  ezpeiiinenta  which  bare  been  made  in  thia  direction  are  almoat  coo&w 
tlie  action  of  bromide  of  ethylene  on  ammonia.  The  producta  thna  ioniied  are 
Ibllowing: 

Dibromide  of  ethjlene-diammoniuum  .        .        .    N\C'fe<)H'Bi* 

Dibromideof  diethjleae-diammoniiim  .  .    lf^d'H<)<H'Br* 

Dibromide  of  liiBthylene-diaDunonium  .        .    N»(Cte»)'H^r'. 

These  componnda,   when  distilled  with  potash,   gire,    Mapectively,    ethjlemaii 

IP(C4l*^*,  diethjlenamine,  N*((^')>H<,  and  tristhjleDamine,   N^C^')',    Le 

—k.-k  —  i;b.~^~.  iiet^  QQ  by  bromide  of  ethylene,  the  final  prodnetbeinx  aaabsti 

g  bromide  of  tettethjlium,  and  which  ia  ptobaUjr  dibromid 


by  bromide  of  ethylene,  the  final  prodnet  beinx  a  aabsti 

h^^-bP       - 

tctrett^leBs^diammoniom.  !'*(C'H')'Br'. 

2.  On  Primary  dtriiativrt  of  amtuonia,  primary  avuMt. 
Bromide  of  ethylens  gives  with  ethylamms  and  pbenjlamine : 

Dibromide  of  sthjletM-dielh^l-diuiuiioniam    .        .    HXC*H*X<7H>)*H<BH 

Dibromide  of  diethylsDs-dietliyl-diammonium         .    IT\C^)1C*H*)'H*Br 

and  similar  phenyl^componnd*. 

3.  On  Ttrtiars  dtrivoHw  of  ammeraa. 

Jnat  as  dibasic  acidi  can  combine  with  oits  or  with  two  atoms  of  ammonia,  so 
wiae  can  diatomic  ethen  (auch  aa  chloride  or  bromide  of  ethylene^  or  iodide  of  aw 
lene)  combine  with  one  or  with  two  atoma  of  the  tenia>7  deriTativea  of  amnKM 
Thus  triethylphosphine  with  bromide  of  ethylene  gives  llie  componnda  — 

Spnrijn)    [     "  Bromide  of  bromethyl-tiiethylphoaphoninm "  (Hofmana). 


((?H<)"Br»( 


"Bromide  of  etbylene-hexethyl-diphoaphooiiun "  (Hof  maa 


The  oondition  of  the  bromine  contained  in  these  eompounda  ia  worth  ootieing. 
addition  of  nitnte  of  ailver  to  a  solution  of  the  flrat  compound  precipitates  atjij 
the  bromine  contained  in  it,  but  nitrate  of  ailver  predpitatea  all  ttie  bromine  oonti 
in  the  aeconiL    This  difference  ia  eiplained  by  Hcdbuuui,  by  aappoaing  that  1  ate 

aialiMa.  hoi  at  •gmpouadl  wlih  IwD  atoui  caa  bi  sbuliiHl  I17  tbs  acUoa  at  li)ilnflxaiBlc,  at  by* 
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triethyIplioip!mie,P(C'H*)H).-(C?H')T  I  iidecon.p<-«il7he«tinte  ,^5^^.!" 

(CH*)'Ab]  {ya.ri"t 

briethjUnme,  {CH^fAa. 

B.  Aotiok  of  Tsutoioo  CvLotmu,  Bkowdh,  ok  loDiiiia :  — 

I.   OnAmTMnia. 

Tribromide  of  glyceryl,  ((?E*)Br',  gives  with  ammonik  t,  biae  oontaining  NC^H'tli 
ud  bromida  of  ■mmoniam.  Tba  reaction  ^bablj  take*  place  loooMii^  to  U 
Ibllowing  atage* '.  — 

1"         CH'Br'  .  PH'Br'  +  HBr. 

V    2(CH'Br^  +  KH*  -  HCB'Br'  +  2HBr, 

tha  ItTdTobRnnie  aeidwluch  ia  formed  of  conne  comtaning  with  ammnnia.  He  £i 
itage  of  the  readioQ  ■*  analogoni  to  the  eonrenion  of  bromide  of  ethjloiB  into  bm 
athylenfl  by  the  action  of  alcoholic  potaah  :  the  componncU  CH^Br"  may  be  regnidi 


Ibrom-piopylcae,  or  aa  bromide  of  brom-allyl,  (C^'Br)'Br.    In  the  latter  en 

[CH'BrS 
(C?HfBr)' 


KCH'Br) 
the  pndaet  of  it*  addon  on  ammonia  becomes  NJ  ,™tjro^/     ditrom-diallylt 


of  pheaylamine  in  which  the  radicle  (<!&)  replaoca  ![■ ;  tLua  jc^'V^!^' 

3.  0»  Tlrfuiry  dtrivoHva  of  aauivmia. 

Iodoform,  (Ch)I',  oombines  with  three  moleenlea  of  triethylphoaphina,  giri 
SflC'II'tTIt'  ^'^  compound  parta  with  all  its  iodine  to  iilTer.saIts,  whieli  woea 
with  what  la  aaid  above  reipecting  the  compoonds  of  bromide  of  ethyUae  with  ti 
thylphosphina.  Ita  aolntioD  treated  wilb  hjdnle  of  silver  does  not  give  a  correiipo! 
iiig  nydrat«^  but  hydimte  of  methyl-trieth^phosphoDinm  and  oxide  of  ttietbjlpli 


Bichloride  of  carbon.  (C)CI',  reacts  on  phenylamine  thua :  — 

3(CH'N)  +  Ca*  -  3HC1  +  C"H"M>.HCL 

1  IDol.  Bl«.T. 

The  product  of  thia  reaction  may  be  regarded  aa  the  hydnylilontr  of  a  buae  < 
riving  from  three  molecolea  of  pbenjiamioe  by  the  lubetitntion  of  (C)  for  H':  viz. 


papen  by  Hofmann,  Proc  B«t.  Soc  voIb.  u.  and  x.,  i 
Lnau™,  Antwoi^.) 


AnKDHiirM-BASBS  coKTttHtxa  HtT&LS. — A  vsTf  large nviiber  of  compoQi 

have  bc«n  obtained  by  treating  different  metallic  aalta  with  ammonia.  Some  of  th 
compoondi  are  ippanttitly  of  similar  cooatilatioD  tn  the  salts  of  the  orgBDie  ammonti: 
bs*™,  or  to  eaiiily  roncfiivable  derirativea  of  them.  Bat  it  ia  impoamble  to  rpdm* 
greater  nmnbeT  of  them  to  any  cooaistent  aystem.  beftee  they  have  tbcmselTcv  b 
more  thoionghly  examined,  and  we  have  more  definite  notions  as  to  the  atomicity 
the  metals  contained  in  tbem.  The  fallowing  are  examples  of  eome  of  these  ci 
ponndl  which  am   be  written   hs   Knnlogous  to  known  or  ronceivHble  orginie  o< 


AMORPHISM. 

in.    Bonis  and  lilicon  nLiliit 

meniul  ores  ue  rout«cl,  ii  >  B'"'7  unoiphons  miw ;  but  by  dinolTing  it  in  hut 
water  or  hjdrocbloric  acid,  and  Wvuig  the  solution  to  fool,  it  u  obtWDed  in  the  ci}- 
it&lline  form  (see  Abskhic).  Natire  raJphide  o(  uitiiDoiij,  which  is  cryataUine,  id»7 
bfl  rendeted  amorphous  bj  me[tiiiE  it  in  a  gliua  tube  Bed  plnngins  the  tabe  into  it^ 
cold  water :  and  bj  melting  it  again  and  cooling  glowl^,  the  crj'el^iDe  etroetnre  mij 
be  rectored.  Similar  tnuuifarmatiDna  ma;  be  effected  with  native  mJpbide  of  mpmuy, 
also  with  the  minenJa  Tesuvian  and  Axinit«,  and  mrtain  Tarietios  of  garnet.  Glara. 
which  is  perhapa  the  most  charactenstic  of  amorphoiui  bodies,  mij  be  deritrifln]  t^ 
keeping  it  for  some  time  in  the  soft  Btat«  at  a  high  temperature :  it  then  itcquii 


oj-italiine  atractnre  and  beromea  nearly  opaqne,  forming  the  anbetuiee  ealled  Rfun- 
mnr'a  porcelain.    Oenendlj  apeaking,  rapid  cooling  from  fnaion  i*  ^vonnUe  to  the 


aaanmpdon  of  the  amoiphoui  atmctuie,  while  aratalliaatioD  i*  promoted  hj  alow  cool- 
ing, the  psiticlm  then  tuving  time  to  arrange  tnenuelrea  in  ■  definite  manner.  It  ii 
abb  Ine  to  a  great  extent  that  bodiei  which  pisi  at  once  from  the  perfect];  flnid  to 
the  aolid  atate,  —  water,  fbr  initanos,  —  dyitaUiae  on  solidiQiiig,  where**  those  which 
paaa  thrangh  the  Tlaeoui  fbm,  like  glui,  iolidiiy  in  the  amorphoni  etale :  to  thia.  how- 
ever there  are  some  atriHng  exceptiona :  thtu  aogar,  the  eolution  of  which  ia  ei- 
Iremelj  Tiacid  when  conctntnted,  aolidiflet  bj  alow  eraponttion  in  crj'slkia  of  great 
aize  and  T^pilahty. 

Th*  pHUage  &om  the  amorphoua  to  the  OTBtalline  atate  aometimea  tak«  pla« 
apontaneonalf ,  l^e  bodjr  all  the  while  remaining  solid.  Vitrsoiu  anKniouB  acid,  which, 
when  recent);  (omirecC  le  perttotl*  ttanapataat,  becomes  turbid  when  left  ta  itself  for 
■  ttw  months,  and  anbaequentlj  white  and  opaqnt 
the  form  of  barley-sngar  is  in  the  Titreons  state, 

-      -   re  and  bfeomes  opttqne.    These  phenomena  show  that  the  moleeulef  at 

,    T  till-  contrary.  i< 

generally  aoompaiiied  br  an  alteration  of  other  physical  propertira.  Bodies  are  for 
the  most  part  denser  and  ieaa  aolnble  in  the  oystalline  than  in  the  amorphona  atute, 
■nd  haTelesi  specific  heat.  Vesnvian,  which  crjstalliaea  in  sqiiare  prisms  of  speoifio 
gravity  about  3-i.  and  garnet,  whidi  occurs  in  rhombic  dodecahedrons  of  sproGc 
gnvity  3'63,  both  form  by  fusion  and  subsequent  cooling,  bacraaifint  elaiBes  vfaose 
apedfic  grari^  is  about  2-9fi,  ao  that,  in  passi}ig  from  the  cryatamne  to  the  unorphr'uj 
atute,  garnet  auffers  an  eipimaion  of  about  )  and  reiurian  of  ^  The  glass  also  dir- 
soItbh  readily  in  hydrochloric  acid,  whereas  the  cryst^illised  minerals  are  qnirr 
insoluble.  Jtaxij  other  oystalline  siliceous  minerals  not  soluble  in  seid*  become  m 
by  Aiaion,  probably  &om  the  same  cauimt.  Quartx,  which  is  cryatBllised  silica,  i' 
mach  harder  and  dciiBer  than  opaL  which  is  the  same  chemical  compound  in  iLi' 
amorphous  state.  Quarti-powder  dissolves  but  Very  slowly  in  boiling  potash-lry  snd 
la  quite  insoluble  In  that  liquid  when  cold,  whereas  pulTsriaed  opal  is  gradnailj  dis- 
solved at  ordinary  tcmpoatures  and  in  a  few  minutea  at  the  boiling  heat^  A  rrniDT-k- 
able  eiception  to  the  general  rule  is,  however,  presented  by  arBcniona  acid,  which  i< 
both  less  dense  and  mor*  soluble  in  the  cryatalline  than  in  the  vitmnu  state. 

Another  difference  fint  observed  by  Graham  is,  that  bodi™  have  gt«Bt»r  spedfii 
heat  in  the  amorphous  ilian  in  the  crystalline  atate.  Ordinary  phoephate  of  si>diuiii 
(PO'Na"H)  aolidifies  from  fosion  in  the  vilreons  state ;  the  corresponding  arsenate  in 
tbe  cryslHlline  form  :  now  the  former  in  aolidifjing  gives  out  perceptibly  less  h»at  in 
a  given  time  than  the  latter,  a  greater  portion  of  the  lBti>nt  heat  of  ^sion  appearisg  to 
ha  retained  by  it.  Connected  with  thia  law  ia  the  remarkable  phenomenon  of  incan- 
descence which  many  bodies  exhibit  when  their  temperature  is  gradually  raisfd 
Hvdratrd  oiide  of  chromium  if  heated  merely  to  the  point  st  which  it  parts  with  iti 
arly  as  soluble  in  acids  as  before,  but  if  the  heal  be  raised  □e&rly  tii 
■ '     '    '  '  'is  afterwards  found  to  I*  m'nrt 

ena  are  eihibitfd  by  alnmini 
Gadotinite  (silicate  of  yttrium)  which  in  its  natural  stale  exhibits  i 
conchoidal  Anctore  and  obsidian-like  appearance,  becomes  vividly  incandescent  vhei 
moderately  heated,  and  is  afterwards  found  to  dissolve  but  very  imperfectly  in  hydrr> 
ebloric  add,  although  before  ignition  it  is  very  easily  soluble ;  its  density  inen«aes  *i 
the  same  time,  though  ita  aMolnte  weight  remains  unaltered.  Vitreous  anrairm 
acid  also  sometimes  e^bits  incandciicencc  in  passing  from  the  tmorpboiu  to  the  er7Bta.l 
line  state.  When  a  solution  of  the  vitreous  acid  in  hot  hydrocMoriD  acid  it  left  t< 
rool  in  tlie  da^  the  fbnnation  of  every  crystal  is  accompanied  bj  ■  flash  of  light ;  bat  i 
solution  of  the  erystalline  acid,  under  tbe  aame  einnunstanees,  eihibiti  no  light  wbat 


tha  leddnal  mmaa  extracted  with  boiling  tlcohoL  Tliii  uooholie  lalDtioii  a  mdrm 
tnrbid  bv  the  pnKDce  of  globnlea  of  oil,  which  tie  allDwed  ta  coUret  nnd  aepustMl  b; 
decautatian ;  it  ii  then  eTapant«d  to  btil  itJi  originA]  toIodib,  uid  the  unjgdilu 
■rpuKtcd  lij  the  iddilion  of  ether,  in  which  it  i*  ineolable.  The  prKipitated  unjg 
didin  IB  piwaed  betw«en  folds  of  bibuioua  paper,  washed  with  ether,  and  flnall;  ajt 
talliaed  bom  concentrated  boiling  alcoboL    (Lie big  and  Wiihler.) 

Amjffdalin  OTatalliiiea  in  white  sculeB  hiTing  a  peai^;  liutre,  ionlnble  in  ether,  bn 
Terj  •oloble  in  water,  from  which  it  crj-Btalliaes  in  thin  tranapaient  priemi  eontaininf 
3  atomB  of  water  of  cn'stalliution.  lU  aqneoiu  solution  haa  a  elightlj  bilter  lade 
It  dcflecta  the  plane  of  polariaation  of  a  raj  of  light  to  the  left :  [a]  -  3S'S1.  T1i< 
change  which  amjgdalin  nndersoe*  by  the  action  of  emnMn  (and  other  albanunoa 
Tegelable  principled),  i«  eipreaaed  bj  the  fuUowing  equation: 

C"iH"NO"     +  2H-0  -  (TH-O  +  CNH  +  a(?H»0' 
AnitiMi.  KjiiUI*       H)d«>-        CIocoh. 

By  distillation  with  nitric  acid,  or  other  oildlaiag  agenla.  it  is  reaolTed  into  am 
Bonia,  hjdride  of  beniojl,  benzoit;  formic^  and  carbonic  adda.  CaoatiB  alkalia  eoa 
rert  it  into  aoiTgdalic  Mid. 

It  i(  a  neatnlbodj,  forming  compounds  neither  witli  adda  dot  with  fft«li«, 

A»t¥X,  CH'i,  or  C'H".  (Om.  iL  pp.  1—83;  Oerh.  ii  pp.  67fi— 708>.~Tli. 
flfth  term  of  the  aeries  of  alcohol-radicles.  OH'**''.  The  alcohol  in  an  impure  stdti 
(polato-tnsel  oil),  appean  to  hitTe  been  first  noticed  by  Schaele ;  and  has  bern  inres 
tigated,  together  with  its  deriTstiTes.  bj  Falletan  (J.  Cbim.  med.  i.  76,  also  Ann 
Ch.  FhjB.  [2]  zxi.  200).  DnmaB  (Ann.  Ch.  Fbys.  [2]  ItL  31i;  Dnmas  and  Star 
Ann.  Ch.  Phjs.  [2]  liiiil.  128);  Cahoura  (Ana.  Ch.  Phjs.  [2]  In.  81,  liv.  1931 
HQdBalard,  Ann.  Ch.  Phji.  [3}iiL  294).  The  radicle  itself  was  isolated  bj  Flxot 
land  in  1849.     (Chem.  Soc  Qn.  J.  iii.  307  ;  Ann.  Ch,  Pharm.  Uiiv.  41.) 

Jmyl  in  the  frre  Halt,  C""H"  -  C*H".C*H",  is  prepared  by  the  action  of  duo 
amalgAm  npon  iodide  of  amy],  the  reaction  being  completed  by  the  addition  of  potae 
siiim(FrBnklBDd).— 2.  By  the  action  of  sodinm  npon  iodide  of  amyl  (Wiirtsl.- 
8.  By  the  elcctroiysis  of  caproate  of  potasaiom  (Braiierand  Qosaletli), — 4.  By  tfai 
destnictiTediitillation  of  certain  kinds  of  coal  (Oreri  tie  Williams). 

(1,)  Pasty  dcc-amalgun  is  brought  into  the  copper  cylindcruMd  in  the  prepaiatioi 
of  rinc-ethjl  (see  Ethtl)  :  the  cylinder  is  then  half  filled  with  granulated  ainc  am 
iodide  of  amjl  is  added.  Aft; r  gently  wanning  to  expel  the  air,  the  i^lindtr  is  elowi 
and  heated  forseTeral  hoon  at  about  170°  C.  After  cooling,  it  is  opened  and  potaasiuD 
is  added  (abont  >Uh  by  weight  of  the  iodide  of  amyl  enplnyed).  The  cylinder  i: 
again  closed  and  heated  for  an  hoar  at  tJie  same  tamperaUre.  To  obtain  the  amyl 
the  cylinder  is  heated  in  a  water-bath  at  80°  C,  wharei^wn  amjiene  and  hydride  » 
amyl  paw  orer.  On  applying  the  heat  of  a  naked  fiame,  amyl  distils  over,  and  mu' 
be  pnrifled  by  one  re<!tificatian.     (Frankland.) 

(2.)  Iodide  of  amyl  is  warmed  with  sodinm,  and  distilled  ;  the  prodnrt  again  di> 
tilled  &om  Bodinmandiectifled.  the  portiDn  which  paaeea  orer  atlfiS°C.bBii^collecl« 
apart.    (Wnrli.  Ann.  Ch.  Phys.  [3]  iUt,  27*.) 

(3.)  A  coneeiitxated  solntion  of  caproate  of  potassium  is  submitted  to  the  eWtroIyti 
action  of  six  ^inc-^^arbon  elements,  the  platinuin  poles  being  separitcd  by  a  porno 
diaphragm.  Amy]  collerts  npon  the  sarface  of  the  liquid  Burrounding  the  nefsatii 
pole:  it  is  distilled  from  alcoholic  caoetio  potash  and  waahnl  with  water.  (Braiie 
and  Qossleth,  Chem.  Soc  Qo.  J.  iiL  231.) 

(4.)  BoE-head  naphtha  is  sulnnitted  to  fnctional  rectification,  the  portion  Inilipn  br 
tween  I64°~ie9°  C.  being  collected  apart,  and  the  product  thus  obtained  is  mbmilf 
to  the  action  of  fuming  nitric  acid,  the  action  of  the  add  being  checked  by  cold. 


1  unacted  upon  ia  washed  i 
caustic  soda  and  water  succesaiTely.  dried  with  solid  caustic  potaah.  and  distilled  ott 
sodium.     The   resulting  liquid  is  again  rectified  at  ia7°^lB0°C.     (C.   OreTill 
Williams,  PhiL  Trans.  1867,  447.) 

Amyl  is  a  banspareut  colourless  liquid,  of  agreeable  smell  and  buraitig  tast< 
Speciflcgra*itT,0'77  at  ll°C,— Boiling-point  Hfi°—lfi9«C.  Vapour-density  4-90.  : 
is  misciUe  wiut  alcohol,  immiscible  with  water.  Amyl  is  not  acted  npon  by  Aubing  ^u 
phoric  acid  :  it  is  slowly  attacked  bj  nitric  and  nitro-sulphnric  adds,  and  deoompoM 
after  long  digestion  with  pentachlonde  of  phoephoms. 


AMYL. 

fiO.  witb  •mlxtareof  liiiieuidb7di«t«<rfpoU«riiin^  bjdngoi  pa  bong 
CVO  +  KHO  -  (>H*KO'  +  4H, 


a  red  liquid.  Thieh  txmtuiia  ■mylmlphnric  nod,  SO'.CH'.H,  u  vellu  &M  mlphnT 
■cid.    On   "  -'■       -■-    -  ' -■- '  -'--'--'  '-  '----J-  ■  '     -^         •-       '■•" 


mdilT  with  >tn)iigRil[Jnrie»c)4  tOntnag 
IO',CH".H.  MireUM  free  BolphuTie 
Hi«Hlling  the  mixtare,  the  amrl-Ucobol  i*  debrdrated.  uid  unyteoF,  CH** 
piuM  OTer,  logttber  with  the  polymeric  eompoaudo,  C"H"  and  CH**.  mid  perliApa 
■Ibo  imvlic  ether,  (C'H"J'0;  at  the  aame  time,  howerer,  b  portion  of  the  »]rohol  i* 
Oiidiaed  and  eonruted  mto  Taliric  aldehyde  and  T^eric  acid,  lalphaRnu  acid  being 
erolred  and  a  black  pitchy  dum  renuuning  in  the  retort. 

4.  Witb^iAiupAarwan^  amyl-alcohol  yieldi  amyl-phesphorie  add,  FO'.C*H".H'. — 
Distilled  with  phcophoric  aiihydride,  it  la  coiiTeitcd  into  tm^lene  and  ita  mnltlfdea. 

5,  TyicUoridi  of  pioipkarut  conTert«  aniyI-alcohc4  into  phoapbite  of  amy^  amjl* 
phoapboKina  add,  chloride  of  anyl,  and  hydrochloric  acid : 

3(C*H".H.O)  ♦  PQ'  -  PO'.<CH")'.H  ♦  CH"a  +  SBCL 

Plm^liluoramfL 
and  8(CH".H.O)  +  PQ'  -  PO'.0'H".H'  +  .2{?H"C1  +  HCL 


H.  Vfiib  ftotaeiloridt  q^  pAoaplortM,  amyl-aleobol  fontu  chloride  of  anyl,  hydi*- 
eblorio  add,  and  chloiophoaphoric  add,  of,  when  the  matjU^aAal  ia  in  exccsa,  diunyl- 
phoipboric  add : 

CH".H.O  +  PCI*  -  C*H"C1  +  HCl  +  POCl" 

and  8(OH".H.O)  +  2PC1'  -  SCHXCI  +  SHQ  +  apC.CC^EPy.K]  +  H«0. 

D\tmj\ftmtfhlil\c 


imponnd  homologoua  with  chloral— 8.  Amyl-alcohol  abeorbi  hgdradthrie  ». .  _  ^ .  _ 
and  mizca  witb  the  concentrslM  aqaeona  add;  on  heating  the  mixtme  chloride  of  imjl 
is  fbrmed.^9.  It  disaolTee.  with  the  aid  of  heat,  in  ■  concentrated  aqneoo*  lolation  of 
chloridtqfraie,  forming  a  liquid  which  boils  at  I30°C.,  and  yield*  a  distiUale  of  aniyleiM 
and  ita  mnltiplei.— 10.  Diatilled  with  photpkortu  and  bnrmine  or  iodim,  it  yieldi 
bromide  or  iodide  of  amyL — II.  DiatillM  with  jtuorr^  of  boron,  atfiuoridt  of  tUicon, 
it  yields  amvleDe  and  ita  mnltiplee,  but  little  or  no  oxide  of  am^. — II.  PhMgeiugat 
M  abundantly  abioibed  by  amyl-alcohol,  forming  ehlorofbrmate  of  amjl.  and  the  liimid 
when  diftiHad  yidda  carbonate  of  amyl  (Medloek)  {mtk  nalutum  of  plKitsm4  (,T)] 
C*H".H.O  +  COCP  -  CaCCH"  +  HCL 


and        2(CaO'.CH")  .  CWCCH")'  +  000"    [T] 

Carbonata  of  amyl  ia  alao  obtained  by  adding  water  to  the  aolotioa  of  pboano*  in 
anijI-Blcohol(Medlock): 

2(CaO'.C^")  +  HK)  -  CO'.(CH")»  +  aHQ  ♦  CO*. 
21.  Dimlpiidi  of  carbon,  in  presence  of  potoii,  eonrerta  amyl-aleobol  into  amylaol- 
phocarbonic  or  amjiiantbie  add  (p.  206).  — IS.   CUoridt  of  eyanegtn  a  rapidlv 
absorbed  by  amjl-^cohol,  and  fiirma  products  limilar  to  thoM  which  it  jrielda  with 
etbyl-alcohoL 

C*H"0  +  CNCl  +  HK)  -  C^'NO'  +  HCL 

U.  Potaasinn)  (and  sodinm)  deeompoaea  amyl-alcohol  in  the  tame  manner  an  ettijl 
aloohoLfbrniiiwamylatflof  potasaium.  CH"KO  with  evolution  of  hydrogen. 

AmTl-alcohoT  combine*  with  a  few  metallic  chlorides  in  the  same  manner  a«  ethjl- 
aloohol.  With  cKorid*  of  calcium  and  dirUoride  of  tin,  it  forma  crrstalline  eom- 
ponnds  which  are  decomposed  by  water.   It  dissolrca  in  eanatic  potasb  and  aoda. 

HTDspa  OF  Amtl,  CH".H.— Iodide  of  amy!  ia  boated  with  line  and  it*  own 

»  few  honra  to  1*2°  C.  in  a  copper  cylinder  (see  riac-t'tbTlX  and 

lldd  from  ■  niAP  hath  si-  ttno     The  distillate  con'iala  prmnpallv 

is  left  for  21  honrs  in  contact  wita 


'J06  AMYL. 

tnit  iniolnble  in  water.  SpeeiBc  gravit;  OS*B  at  0°  C.  Botling-pomt  aboot  120°  C. 
Vaponr-dmiity  S-flSl.    It  combiuea  wiui  metaUic  oiddn; 

Amylmereaptid*  of  uen^ury  is  obtained  u  a  GolourleH  liquid  on  briliRing  W^I- 
uercaptan  in  contact  with  mercuric  oxide.  The  nuiture  aolidiflea  to  a  aoM  maas  on 
cooling.  The  compoimd  ia  inaolnble  ia  water,  but  aolable  in  boiling  alcohoL  Tlie 
other  aiDjhnercaptidsa  are  not  diatinetlj  known. 

Bulpiidi  of  Carbonyl,  Amyl,  and  Hydtvgtn.  AngUviflioearb<mie  add. 
Ams/lxatUMe  acid.  C^"SK)  -  ^^tiHt  ^~-^b  ^"^  add  it  pRpamd  from  the 
pOtauiDin-aalt  b;  tnating  the  aqaeoiu  aolution  of  the  Utter  with  dilute  hjdrochlorie 
acid  (BaUrd,  Ann.  Ch.  FbTS.  [3]  xii.  307).  Light  yellow  oilj  liquid,  of  penetrstiug 
odour,  heavier  than  water,  add  to  teatp^)eT.    It  ia  qniekl;  decofflpoaed  In  vb1«t. 

Aitu/lxmxlkale  of  polauiurit,  CW.K.90. — A  cold  eatanited  aolatioD  of  hjdrate  dl 
unyiie  alcohol,  ia  treated  with  bisolphide  of  carbon  until  the  alk^lint 


,  ,       .  ,  .       b  am  Weulpho 

of  potauium.   They  are  oil j  liquida  lighter  than  water.   (Johnaon,  Chem.  Soc-  QtL  J. 
T.  142.) 

Dioxtitvlphoearbonate  ef  Anyl,  CWSK),— The  eompound  ao-called,  which  contaiiu 
1  at.  hjdnig«l  IcM  than  amylxantliic  add,  ia  produced  bj  the  action  of  iodint 
on  amjlxantbale  of  potaasium.  It  ia  an  oily  liquid  which  boik  at  187°  C,  under^iiiE 
decompoaition  at  the  same  time,  and  yielding  among  other  prodacta  amyliuitbiitc  -.n 
•myl,  CSK).(CH")<.  Digeated  with  aqueona  ammmiiB,  it  yieldi  ampixanthate  oj 
amnumium,  tad  xanlhamylamidt  or  nlphoearbamaU  of  aingi,  ^  [imi  [  n 
2CH"SKt  ♦  2NH'  .  C3W.CH".NH'  +  (^H'-NSO  +  B. 

Tbe  laat  mentioned  oampound,  xaniimKytamiiii,  ia  a  yellow  ncalnl  oO,  wblch  hnli 
at  184°  C.  but  not  withoat  deoompoaition,  being  rrsalred  by  diatilklioii  into  amy)- 
mereiiptan  and  cyanoric  add : 

3I?H"NS0  -  3CH"8  +  CN'H'O'. 
Heated  ou  platiiium  foil,  it  buiua  with  a  yetlaw  luminous  flame,  giring  olF  whit< 
Tapnam.    Boiled  with  bydiate  of  barium,  it  la  resolved  into  amyl-aleonol  and  aalpho- 
cysnide  of  b&rinm: 

aCH"N80  +  Ba'BH)'  -  2CH"0  +  (CNS)'Ba"  *  2H'0 ; 
simiLtrlT  with  polaah.     It  ia  decompoaed  by  chlorine  and  by  nitric  add. 

Xaathun^lamide  ia  insoluble  in  water,  but  disaolrea  readily  in  alcohol  and  elbrr. 


It  page). 
lUTL,  {CH'iJ'.Te.  haa  been  obtaiael  in 
an  impure  atate  by  distilling  telluride  of  potuaium  with  amjlsulphate  of  calcinm. 
It  is  a  liquid  having  a  strong  disagreeable  odour,  and  boiling  at  abost  198°  C.  bnt 
decomposing  at  the  sune  time,  and  depositing  teUorinm  in  small  shining  priams.  By 
exposure  to  the  air  it  is  converted  into  ■  white  masa.  The  nitrate  of  tellnramTl 
ia  a  eoiourlcaa  heavy  oil,  obtamed  by  healing  telluramyl  with  nodmtely  strong  nitnc 
add.  Treated  with  the  bromide,  chloride,  or  iodide  of  hydrogen  or'aodiom,  it  yields 
the  corresponding  compounds  of  telluramjl  In  the  form  of  viscid  heavy  oils.  The 
chloride  treated  with  oxide  of  sHver,  yields  oxide  of  (dluratnyl  in  tbe  <bna  of  an  oil; 
liquid  aolnble  in  vatn,  and  so  strongly  alluline  that  it  aepantes  ammonia  from  aal- 
ammoniac  It  forms  k  dystalline  salt  with  sslphuiie  ftdd.  (Wohler  and  Dean,  Axui 
Cb.  Phann.  xcviL  l.)-F.  O. 

AKTLLvufx,  C*H"K  -  CH".H«,N.  Ams^ammaHia,  .^fnylto,— This  organic  baM 
is  formed:  (1.)  By  heating  cyanate  or  (yaiiiuate  of  amyl  with  eaustje  potash  (Wurta. 
Ann.  Ch.  Hijs.  [3]  xix.  447) : 

CNO.CH"  +  2KH0  -  On"S  +  COT. 


Hrdmu        Aiayl^ 


S(gH")'H.O  -  HK)  t-_  H(PH")'  a 
HHnu  of  TrUarl- 


ETdi&ta  of  tetmnjlinin  diBsolvea  resdil;  in  addi,  fbnning  aotaticiiu  vhuA  Tisii 
.  11- !.._  I jMtioa.    The  mlphite  rijnttllitfn  io  Ton^  ciipilluj  ••-  —  "■- 

A  Bxaiite  in  Urge  deliqnnceot  t>Ut«^  Uia  ehtoride  i 


iming  Muat 
ayiUkllin*  ults  br  erapontioa.    The  eolpfite  rijnttllitfn  in  long,  ciipilluy  thrrads 

ratifa 


orange-jellow  needles     (HofmiDO,  Chem.  Soc  Qo.  J.  It.  316.)— F.  O. 

(For  tbs  Ami/l-photpliina,  Armtt,  ted  fifiUiut,  M*  Phosphobub,  Abseoc,  sni 
AjTrmoKT.) 

Aiman.  CH'*,  or  C"in*.— Thu  bTdrocarbon,  ■  homologos  of  ethjlens  m 
otefiant  gss,  uid  the  fifth  term  of  the  •eries,  OH^,  ii  prodnced  pr  the  dehjdntioE 
of  unjlic  alcohol  bj  mlphnric  Hcid,  phoephorie  ushvdride,  or  chloride  of  '  '  ' 
the  dry  diEtiilAtion  of  aniTl-nilphate  of  oddam  (Keknli).    To  prepi 


of  uujlic  ^cohol :  uid  the  product  ii  ilittilled  ttom  s  mter-bath  over  caustic  potaih 
and  repeated^  rectified  (Balard,  Ana.  Cb.  Phjt.  [3J  zii.  320).  It  ia  a  IranapaRD 
colonrlew,  tbij  thin  liqnid,  haTiug  ■  feint  bnl  ominBiTo  odonr.  Boila  at  39°  C 
(Balard);  atSS'CFrankland)  i  at42°(Ksknli).  YaponiMlensity,  2-68  (Balard) 
2-38S  (Frankland),  2-43  fEeknlf);  (1^  calcalation.  for  2  toI.  "  2'426fi).  Thi 
npoiir  a  lapidl;  and  comfdetel;  abaorbed  bj  nilphnHe  auhjdride  and  pentaehloridi 
of  aotimon;  (Frankland^  It  poaaeoea  aiuMlhetie  propertin,  and  hM  been  tri« 
aa  a  anbvtitiite  for  chloroform,  but  baa  been  foimd  to  b«  vei;  dangerDui,  hariog  ii 
more  than  one  iaitance  led  to  fetal  iMolta. 

Amvlene  ii  diatomic,  like  ethylene,  muting  with  3  at  Br,  NO*,  BO,  Ac,  and  «itl 
1  at  0,  8,  &c 

AcBTiTi  OF  AxtLBiB,  C7H"0'  ■■  f^HW-l^''  "  prodnced  by  heating  the  bro 
uida  C*H'*Bi*,  with  a  mixtm«  of  acetate  of  ailvar  mixed  with  glacial  aeetie  arid : 
CH"Br*  t  a(C'H»O.Ag.O)  -  2AgBr  +  (0.^^(0". 

It  ia  a  eoIoDrleaa  neatral  liquid,  imolnble  in  water,  boiling  above  200^  C  and  eanl; 
decompoied  by  alkali*  into  aoetie  add  and  amyleoe-glycoL  (Wartt,  Ann.  Ch.  Pbyi 
[3]  It.  Ui.) 

Bbowdb  op  ArniAn,  C*H**Bi*,  is  prodnced  by  paaaing  branuss-Taponr  into  amy 
lene.  Heated  in  a  aealed  tube  with  alcoholic  animania,  it  formi  bromide  of  amnici 
ninm,  and  frravtanglent,  C*H"Br.  —  By  treating  amylene  with  a  larger  qoanti^  c 
bromine,  another  coi^oond  is  fbrmed,  containing  CH'Bi*,  probably  miromiat  e 
bronutnu/lau,  OH'Br.Er'.  Thii  oompound,  treatra  with  4l"oholie  potaah,  jield*  tU 
bnmamsfimt,  C>H>Br*.    (Cahoar^  Ann.  Ch.  Pl^  [3]  xxxviiL  90.) 

HTDun  or  AicTi;Bn,  or  Aimm™-ai.TOOi,  C*H^'  -  '*^"Ho«.— Prep«». 
by  distilling  acetate  of  amylene  trith  diy  pulveriaed  hydrate  of  potassium,  and  porifle 
l^  a  second  distillation  in  the  same  manner,  and  subsequent  rectification  pvr  tt : 

ipSSrl"  *  ■"">  -  ^CTKO-)  *  '''^JO'. 

It  is  a  colourless,  Tcry  syrupy  liquid,  hariiv  a  bitter  taste  with  aromUie  aftcr-tasti 
When  cooled  with  a  mizttue  of  solid  carbome  acid  and  ether,  it  solidiflea  into  a  bar 
transparent  nuus.  It  doea  not  atfact  polarised  light.  Its  specific  gnrity  is  0*987  a 
0"  C.  ItboilsatlTT",  and  distill  without  altCTation.  When  pore  it  dissolvEa  in  watt 
in  all  proportions.  The  aiiueona  aolatioa  turns  acid  when  exposed  lo  the  sir  in  eoDtoi 
with  platinum-black,  yielding;  cbiefi^  carbonic  add,  with  only  a  small  ^nantity  of 
fixed  acid,  apparently  botjlactic  acid  When  gently  heated  with  nitnc  add.  it  i 
rapidly  oiidiced,  the  cbid'  prodoct  of  the  action  being  butylaetic  add,  C*H*0 
(Wnrtapiwi  eil.) 

Amjlene-elycol,  treated  with  hydrochloric  add  either  gaaQoai  or  •dueous,  ia  con 
Terted,  slowly  at  ordinary,  more  quickly  at  higher  temperatures,  into  the  eJUorkydri 
of  avtylene-glycol,  C>H".HO.CL  This  compoimd  cannot  be  isalM«d,  but  remains  dii 
•olTed  in  the  excess  of  acid  and  is  decomposed  by  distillation.  The  acid  solntio 
treated  with  potash  yielda  oxide  of  amylene. 

NiTBTLiDB  OP  AnTLnna.  C•H■^NO^'.  Sitnaids  of  A«i^Mi.—Oi*iia«A  b 
pacning  peroxide  of  nitrogen  (nibyl,  NO*,  prepared  by  heating  anhyannu  nitnte  of  lead 
iDlu  a  n.i-sk  rontaining  amylene,  and  surrounded  I7  a  &«eiing  mixture.    Ilegaaia  U 
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hM  no  imell,  b«t  ita  flATonr  is  sromBtie  md  boming.  Wlini  hasted  to  100°  C.  it  ■ 
deeompciMd,  |(odiiciDg  *  mIodtIcm  Tai7flmd  oiL  £  bnnu  with  >  intol^  Sane,  rttini 
paper,  and  Liqoafica  br  pnlonged  contact  with  air,  wuttiiig  an  odour  sunilaT  to  tlial 
of  tanetd  &t      Ali-nhiJ  and  ather  diMolTa  it  nadilf,  ud  Iheaa  aolntiona  ndda 

Borne  of  iti  aalls  ars  OTrntaUiua,  olhata  amoipboDB.  The  lilTar^alt  ia  a  potmulm 
white  precipitate,  nlubla  in  alcohol,  in  pnHDCa  of  a  free  add.  It  enotaina  twi 
atoma  of  metal,  CH'As'O'.  The  lead-aalt,  obtBioed  b;  mixing  a  boiling  alcobolu 
■olatioD  of  snacardic  acid  witJi  an  aliioholic  aolution  of  acetate  of  lead,  is  aud  to  ran- 
tain  C"H"Pb«0'  or  CiP'PS'O' ;  if  ihia  ftntaola  be  eerreet,  the  add  ii  t<-ti»bi»i. 
[or  dibasic,  if  the  amaller  atomic  weights  of  carbon  and  oxygen  an  used].  The  ulb 
of  amnumian),  potaaaiQin,  baBom,  ealdnm  and  iron,  hare  been  descnbed,  but  thej  an 


AITAMTXKM,  ^'jiSiO'  +  H<0  -  Na*O.SiO>  +  Al'O'.SSiO'  *  WO  <a 
i!faOJiS>(^  +  1!(.*P0".2A0*)  +  3  BO— A  miiMral  bekmginB  to  the  iMdite  fiunD; 
containing,  according  to  H.  Boae'a  aBaljais.  (67  per  cent,  of  silica,  13-fi  soda.  i3t 
alnmina,  and  S'3  wster,  which  agreea  Ten  neariy  willi  the  preeedins  fonnnls.  I 
belongs  to  the  regular  ijilein.  Primarf  form  a  cube  ;  it  occurs  also  in  lendte-oefa 
hedrona,  and  in  cmbea  wiUi  the  b«e  of  the  l«ieite.octabcdTon  replMlns  tbo  soli< 
angles.  ClesTage  indistinot,  panllel  to  the &oea  of  the  cube.  Spedflc  grsTi^&mnl' 
to  S'S.  Softer  than  felspar.  In  its  poreat  form,  it  is  coloorless  and  tnuupareDt,  ba 
aometimea  white  inclining  to  mj  or  nah.eoloar.  Accordina  to  Brewster,  it  polaJriK 
light  in  a  peculiar  manner,  indicating  a  grouping  of  the  molccnlea  Tarj  didferoit  froi 
that  which  is  nanoll;  found  in  the  regnlar  Bystem.  Before  the  blowpipe,  it  loacawilc 
and  becomea  milk-white  ;  but  when  the  heat  is  incniued,  it  becomes  clear  anin.  aai 
then  melts  quickl;  to  a  tnnapsnmt  glaas.  It  ii  readily  decompoaed  b;  hTCUocblcrri 
add,  with  separation  of  riscid  silica;  ailer  ignition,  howsTer,  tJie  deconpontiMi  ia  lea 
easy.  Anslame  occurs  frequeDtlr  in  clefts  and  geodea  in  granite,  tnp-rocks  and  Ian 
Itia  found  on  the  Calton  Hill,  Edinbntgh,  atTahsker  intlielale  ofSlgr.in  Dnmbaitoi 
aiiini  in  theferroe  lalanda,  in  the  Eaiz,  and  in  Bofaemia. 


The  object  of  chemical  analjsis  ii  to  asoertiun  the  emnposition  c 
whatever.    The  distinction  onnsll^  made  between  oigHsie  and  inoiginie  o 
baa  led  to  a  correeponding  dirisioa  into  organic  tad  inorganic  analjiia :      ._ 

Scooflned  to  the  inieetigation  of  inorganic  or  mineral  componnds.  The  method 
>jed  in  this  branch  of  analjiis,  are  hi  more  numeiona  and  Taried  than  tfaos 
hitbarto  dorised  for  the  anslyns  of  organic  compound*.  Inorganic  tnalyais  ia  diride 
into  qaalitatiTe  and  qnautitatiTe  analjiis.  The  former  teaches  as  how  to  ascertain  I  h 
dements  of  a  mbetance  with  regard  to  tbeir  qnali^only,  and  bow  to  lepaTata  thev  on 
fromanothor:  lh«  latter  cetablishw  the  methods  mf  procanding,  by  which  wt  det^roa 
the  relations  of  weight  or  Tolume.  which  tbeM  elemanta  bair  to  om  another.  It  i 
obrioua  that,  befbre  we  cxo  proceed  to  estimate  the  qsantitiea  of  each  element  een 
toined  in  a  compound,  we  must  know  what  are  the  elements  that  it  contains  i  haiM 
quAlitatire  moat  always  precede  quantitative  analjiis. 

AnalTsisisoneof  the  mc«t  recent  of  the  varions  bnnchee  of  chemical  sdeoee.  Con 
•iderable  piogtcM  had  already  been  made  in  synthetieal  ehamiitiy,  in  the  pm»tmtia 
of  chemical  compoimd^  Sk.  at  a  time  when  the  foundation*  of  uwlTtioal  cbeasistr 
(in  the  sense  at  jnesent  attached  to  the  tenn)  had  not  sren  been  laid.  lieaa  tlun 
eentoiy  ago,  whni  the  properties  and  compooiids  ot  many  elements  were  either  eatirBl 
miknown  or  bnt  imperfectly  eetabliahed,  few  [soblems  wem  mon  difficult  than  that  ( 
inorganic  analTiis:  the  an^^  had  need  of  botii  penetration  and  caotion  inthehighn 
degree,  in  order  to  discriminate  between  known  and  unknown  snbstaneea.  It  is  onl, 
wiuiin  a  comparatively  recent  ppriod,  that  the  discovei^  of  manr  new  eUmenta,  ■□ 
the  more  oomplele  investi^tion  of  the  reactiona  of  those  already  known,  hsve  enable. 
na  to  construct  a  lyateDiBtic  conrae  of  analysis,  drcnmseribed  within  deSnite  and  we 
Mtsbliofaed  mlea. 

Analytical  chemistry,  a*  we  have  already'  observed,  aim*  at  two  olgeela,  eaci  detrl 
oonnectod  with  the  other ; — 1.  To  ascertain  what  are  the  elements  contained  in  mil' 
atances  whose  composition  ia  unknown  : — ^2.  To  det«mine  the  relative  pTOporticioK  c 
those  elements  whoec  existence  has  pravioiuly  been  qaslitatively  ascertained.  In  ( h 
earliest  analytical  reeeerches,  both  these  objects  were  pursued  simnltaDCOnslj.  Hencv 
in  the  very  brief  sketch  of  tbe  history  of  analytieal  eliamisny,  whi(^  it  is  now  on 
puirxwp  to  cive,  it  is  not  possible  to  trace  Ihe  pnjgrww  of  each  of  thea«  braBcbn.  r 
anaJjruis  indepeadently  of  the  other.     For  thispncpoie  it  ia  more  convenient  Ic  ndi^ 
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ttntfl  I^Toisier,  with  meh  triinnphuit  ncceu,  emplojod  Uis  bolancp  u  *  in««ii*  i 
Trfuting  old  ciron  uid  of  Htabliahiiig  Dcir  tniUu;  thtt  inqitiriM  into  the  qmuititati* 
eompontioD  of  bodies  ciuiie  to  be  regarded  u  tb«  only  sure  teit  tnd  foiuidation  b 
themlixl  tliBOiy.  Ahuoat  iH  thf  qokatitEtiie  uuljea  b?  which  *nj  reliable  kun 
Irdge  of  the  conMJtation  of  mbsttncea  hM  bccD  oblained,  are  indaded  in  thii  penoi 
■nd  date  within  the  Iwt  60  or  70  jean.  The  empirical  remits  thni  obtaiimil.  bai 
led  to  th<>  diacorei;  of  the  meet  important  theontial  tntht,  ».g.  the  theorj  of  atoo 


Until  •  GompaiatiTely  recent  period,  the  onlj  method  of  qoantitative  anal jBis  w; 
that  iy  tMiykl.  By  tUi  method,  the  aabstaoee  to  be  ealimatsd  ii  eithcv  <ir«i^h< 
directlT,  or  in  the  form  of  eame  eomponnd  of  known  eompoeition,  from  whoee  — '—' 
■  It  of  t - '  -  -•        ' 


readilj  calculatatC  the  meant  bj  which  il 
ibetanceiaHptmtedbangalwajiemplaTedHiisMHt.  More  recenUj,  another  mrth> 


haa  been  introdoced,  which  depends  upon  the  emplojment  of  only  the  exact  qnaiiti 
of  the  reaoent  which  is  neoeamy  to  pradooe  the  reaction  desired  ;   and  npon  the  d 
if  this  qnanti^,  not  bj  weight,  bat  b^  mosura.    This  tnethod,  known 


m  where  the  point  at  which  the  reaction  is  complete  can  be  det«nniii«ci  aoc 
rately  br  means  of  some  distinotlj  visible  phenomenon  oeeorring  in  the  solation  tc 
analjsed.  The  first  itttiDdaeti«n  of  this  nMthod  is  due  to  Deaercdiillsi^  who,  at  t 
dose  of  the  Isst  eentoij,  i^iplind  it  t«  th«  <ralaation  of  bleaching  Hwdw  by  m«ans 
iodigo^oIntiDn  :  since  wbudi  time  it  has  been  mdnaUy  ezl«nded  nnttl  it  naa  gnn 
into  sdistlDCt  and  most  importaot branch  of  an^nU,  which,  in  most  cases,  is  at  lei 
equal  in  scconc^  to  the  method  by  weight,  while  it  is  greatlj  superior  in  ^med  k 
faidlitv  of  ezecnbon. 

The  methods  of  qnalitatiTe  analjns  cooiiat  in  bringing  the  mbstanee  nndn  < 
amination  into  contact  with  other  bodies  of  known  propertiFi,  and  obeernng  t 
phenomena  which  ensue.  Theee  phenomena  coniist  in  altemtiont,  either  in  state 
aggregatioD,  form,  or  colour,  depending  npon  nome  chemical  change.  All  bodies  whi 
we  employ  fbr  this  pnrpoae,  we  call  bj  tbe  general  name  of  rtagmU,  the  enanitig  pi 
nomena  are  called  reactioni,  Acida,  basea,  aalle,  and  simple  bodies  (dements)  i 
alike  nsed  as  reagents. 

By  meani  of  reagents,  the  chemist  puts  qneitions  to  the  substance  under  exjuaii 
lion,  enquiring  whether  it  contains  this  or  that  gnnip  of  chemically  aimilar  elemeD 
or  only  thii  or  that  member  of  such  group.  If  the  question  be  put  correctly  —  i.  r 
all  the  oonditions  under  which  the  resction  selected  can  bp  pmdiiced  by  the  i«9 
employed  be  canfolly  obserred,  tlie  answer  i*  dedsire  as  to  the  presence  or  thmeace 
the  element,  or  gronp  of  elements,  aonght:  il,  on  the  other  hand,  theee  conditioni 
i.  e.  the  propertie*  and  ehetnieal  relations  of  the  bodies  foimed  by  the  chemical  cbanj 
which  oonetitate  the  reaction,  hare  been  wholly  or  partially  neglected,  the  answer, 
not  certainly  anoaeous,  ii  at  least  of  donbtftil  aacuncy. 

Beagente  may  he  employed  either  in  tAi  lott  wiy  mm  tht  dry  vojr.  In  the  wet  w 
the  reagent  in  solution,  i.  e.  in  the  liquid  form,  is  brought  into  contact  with  tbe  si 
■tance  to  be  examined,  which  is  also  in  the  liquid  form.  In  the  diT  way,  thr  t 
bodivs  are  brangbt  together  in  the  solid  states  and  subjected  to  a  high  temperatu 
Of  the  utmost  impartance  in  analysis  by  the  latter  method,  is  the  bowled^  of  1 
use  of  the  blowuipe,  and  of  the  behaTiour  of  V>die*  in  the  different  flame*  which  i 
be  produced  by  it.     (See  Blowthv.) 

Many  reagents  exhibit  the  same,  or  a  similar  behsTiour,  with  a  certain  fixed  nnmb 
i.  (.  wiUi  s  ^rvap,  of  dements,  and  with  most  of  the  compounds  of  these  dements ;  t 
can  theielbre,  be  employed  fbr  the  division  of  the  elements  into  gnnipa.   Soeh  trwge 

— . 1  1 ..     ntt. ,  fe,  the  farther  distinction  of  th*  s — 

depends  moo  the  knowledge  of  the  s 
of  each  aingte  element,  or  of  each 
aereral  compounds.  Such  reagents  are  called  tpacial  or  elkariKitriitic  reBytHla.  Th 
number  is  mnch  greater  than  that  of  the  general  reagents,  their  nature  bein^  as  iraH< 
as  that  of  the  snbatancee  which  con  come  under  examination  .  their  selection  dep« 
npOD  the  solubility  or  insolubility,  colour,  or  other  physical  or  cbemiesl  propertini 
the  tiow  compounds  to  which  they  give  rise.  They  may  frequently  be  amMoyed 
elprocally  :  thus,  starch  il  a  chaiact^istic  lert  for  iodine,  and  reriprocally,  iodine  i 
charact^nstic  test  for  starcb- 

Tbe  sJialyst  has  not  only  to  establish  that  this  or  that  body  is  preaant  in  a  eoimpoii: 
but  he  baa  also  to  prove  tiiat  no  other  body  is  preeent  barides  those  vhidi  he  I 
actually  fnund.  Hence  it  is  evident  that  he  must  not  treat  the  subataDco  nadrr 
•miuHtion  with  any  reagent  indiseriminalety.     He  must  follow  a  certain  fixed  e«^ 
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little  ehlorids  of  nlnr  added :  pbo^^tw  tad  borate*  ■booid  be  eioiitmri  nti 

■nhdiuTic  add. 

Th?  dslieaej  and  aharpneM  of  theaa  chromalic  indkationi  are  g\  mIIj  incMMvd  b] 
a  metiiad  of  obserrMioa  Utsl;  intiodaeed  b;  Bnoaan  and  Kircbhoff     It  eooBili 

[nooochromatu:  flame,  such  a*  that  of  a  Banwm'a  gaa-bomeF,  and  obacrruig  th 
Bama  thioufb  a  pruni.  Vsrj  chanetariitic  apeetra  are  then  ptodOMd,  contiiiUDf 
Inmiaoo*  coioiiied  bands  coinddent  in  poaitioii  witb  certain  <rf  Frannhofer'i  Hnn 
Sodium  gires  a  ipectnun  reduced  to  a  lingls  bright  oairow  baikd;  iUMimi,  a  brighi 
red  and  a  fainter  fellow  band ;  poiatiinm,  a  apectnun  nearly  ii  11111111  inn  ^  ordinal] 


tnutd,  and  aome  fkinter  jellow  band« ;  aad  that  of  iarAm,  of  HTaai  bn^t  gie« 
rellov  and  orange  vitb  two  bint  red  bandi.  The  aodinm  reaction  is  eitrnnal; 
]eli<»te,  RufBdng  for  the  detection  at  a  quantity  of  eodiBm  aa  anuU  a*  ^^^^^  a 
I  miUigmmme ;  distinct  indicstioDt  are  Ukewiiie  obtained  with  ititfeaw  of  •  miUi 
{ramiae  of  litkiiun,  j^  miUigTanune  of  potaniani  and  barinm,  ^n^  BiillifTanim 
if  ■tmntinm,  j^DftiuM  millignniQie  of caldom.  (For  detaile  see  the  ifti^e  I^obt  ;  als 
Pogg.  Ann.  CI.  181 ;  Chem.  Soc  Qn.  J,  liii.  S70,l 

4.   The  tubttani:!  it   ktattd  on  char^ai   in  tht  rtdttdng  fiam*  teitk  earioiaU  e 

vidium,  or  with  carbonate  o/  lodium  and  cyanide  o/polamitm Hoat  anraie  earn 

poundi  elTe  a  amell  of  garlic  All  aulnhnr-,  aeleninm-.  and  tAllnrinm-eonqioniida,  «* 
tu  alkaline  sulphide,  >eleDide.  or  tellnride,  which,  when  moiitened,  lakna  a  bW 
itain  on  a  dean  lilver  plate.  Tin-,  ulver-,  copper-,  aod  gold-eanipotinda  gire  nalleabl 
ihining  acalee :  compoonda  of  nickel,  cobalt,  iron,  mulybdenam.  wol&Bm,  aai  tb 
ilutinum-metali  are  redoced  to  a  gre;  infoaible  powder ;  no  incmatatioa  ia  tcan^  t 
my  of  these  cases.    AslimaDy-coinpoands  give  a  brittU  metallic  globule,  and  ■  «' 

nenifltation :  biamnth,  a  briliU  gtobule  and  a  brown-yellloir   ' •-■-■—-   ■- - 

HoUeaiU  globule,  and  a  yellow  incrostation     """ "  --^--^- 
Jie  metallic  itate,  but  gire,  the  farmer  a  vb 
lame,  the  latter,  a  brown-red  introitation. 

B.  7%t  ttUttlanee  is  heaitd  in  a  ^latt  tabt,  opm  at  both  tndt.  Add  Mi^ittfy. — Tl 
bllowiog  sabatooce*  Wld  gasea  haTing  a  pecnliar  nnell :  nli^dea,  of  bnrmng  •olphu 
lelenidea,  of  hoiseiadiah ;  anenidea,  of  garlic ;  many  ammoninm-salta,  of  BouDonii 
luoridee  (especially  on  addition  of  microeoamic  salt),  of  hydrDtaorie  add.  A  mrtall 
inblimate  indicates  arsenic-  or  mercoi^-eompoiuula :  a  white  aablimate  is  girea  t 
nenldes  (crystiUIine),  b;antimonideBaadtelliuidea,(fDsibleX  ud  by  many  amnKmim 
lalts.  A  fiwed  sublimate  ia  given  by  tlie  higher  lulphidaa  (brown-jellowV  by  aeLenid 
md  ideoium  (blackish-red),  and  by  salpbids  of  anenic  (yellow).  All  bydi«t«d  saJ 
>r  substances  containing  'hjgroscopic  water  yield  drops  of  watar,  the  acid  at  alkaJli 
'eaction  of  which  should  be  ascertained. 

e.  TTit  tviutatut  u  htatad  in  eontaet  mti  nulallic  tine  amd  dSuU  hwdrvcUoric 
■Jphuric  aeid.  — ICany  netallie  acids  are  rednced  to  lower  oxides  bj  this  treatmei 


la  dark  bromi :  chrooue  ai 


II.  Solution  tff  Soiid  Sodia. 
AAer  hanng  aaeertained  by  the  preliminary  examination  in  the  diy  way,  to  «1 
Joss  of  bodies  the  enbtrtaiKe  onder  examination  b^n^  the  next  step  ia  to  brinj 
nto  the  liqoid  torta,  in  other  words,  to  dtitolve  it  In  order  to  eCfect  thii^  it  i«  gmcn 
iiiiiwnij,  when  the natnie  of  the  subetance  allows  it,  to  redoce  it  to  a  fine  pKrwder 
louiding  in  «  mortar,  and,  if  necessaiy,  by  subsequent  Irrigation  with  water.      T 

>  indispensable  in  the  case  of  minerals,  eroecially  of  silicates,  and  of  all  other  difflcol 
oluble,  insoluble,  or  difficultly  decompoeible  eompounda.  If  the  suhetance  oonts 
irganic  matter,  tliii  ■hoold  be  removed  befiiTc  proceeding  further,  as  its  imxu 
DBterially  intarfrrei  with  tbe  reactions  of  many  miceTal  compounds.  Tbia  may  ae 
tlij  be  effected  by  heating  the  substance  strongly  for  some  time  in  contact  with 
more  speedily  wiui  oiqtgen),  until  the  whole  of  tbe  carbon  is  eouTerted  into  tsrt>o 
inhydnde.  In  many  usee,  the  oiidatiou  of  the  corboQ  is  Awilitated  by  dropiong  nil 
idd  on  the  he«ted  substance. 

The  BolTeuts  which  ace  usually  employed  in  the  analyiis  of  inoiganic  bodi** 
rater,  hydiodiloric  and  nitric  acid^  and  aqua-regia.    The  finely-powdered  BDhB«« 

>  first  boiled  with  hma  12  (o  20  timet  ilt  weight  of  d.ftilltd  valtr,  in  order  *o  wn-n 
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6.  Cinmie  oxidt  (chreme-iMiMwe). — It  giT««  k  grMn  bead  in  both  fisuM  wit 
•onz  or  micToeoamic  salt  Chrome-irDii-ore  ii  decomposed  l^  ioccmuts  fbnon  TJt 
^d  mlpbate  of  pc>tamium,  ind  with  ■Ikaline  corbookte  u>d  oitre. 

6.  Binaxide  of  tin,  nnd  Antimonie  anJ^dride. — The;  ue  cotoored  jellmr  W  nl 
ibida  of  tmmoninm,  aod  diiHilTed  bj  di^«tiun  in  eieeu  of  tlir  raumt :  wheD  beatu 
n  charcoiil  with  iodic  carbonate,  thp;  ;ield,  the  flnt  a  malleaUc^  the  aeoond  m  brittli 
letallie  globule.    Thej  an  rendered  eolnbla  in  acida  bj  AuioD  with  3 — (  pta.  alkalin 


jdrochloric  acid,  a  coloued  k 
cid  nalphate  of  potanium. 

8.   CUoridt,  bromide,  iodide,  a/ntver  ;  Su/pUdito/niofybdmwn,  Itad,  ^.^-Chlorid. 
nimide,  and  iodide  of  eilTei,  ue  loluble  in  cyanide  of  pctaafioD] ;  when  heated  an  diai 
Ml  irith  eodic  carbonate,  the;  Tteld  metallic  litrer,     Inaolabla  eolpludea  eii 
■n  heated  •■■■■- 
and  ii  con 

ridium,  or 
oriaabUi 
hloHde  of 
chlorate  o 
10.  Carbon. — The  iDsoltible  eubatance  ia  black  (aa  diamond,  colonHen] 
ppears  when  otrongl;  ignited  in  an  open  platinnm  entcible,  or  before  the  Uowpip 
t  detonatea  when  foBcd  with  nitre,  fiirmmg  carbonate  of  potaaainm ;  and  jicld 
irbonic  onliTxiride  when  ignited  with  oxide  of  copper! 
If  the  preliminsi^  examinalion  i^imiahea  no  dutinct  idea  aa  to  the  nature  of  th 
laolnble  aubstiuicc,  it  must  be  fiued  with  fonr  timn  ita  vdsht  of  earba&ata  of  potai 
urn  and  godinni,  the  fhaed  masa  ezhanited  with  water,  and  the  reaidoe  treated  wii 
jdmchloric  acid.  If  the  snbefance  coctaina  an;  eaail;  redocible  metal  (anenii 
Qtimonj,  tin,  lead,  biemuth,  &c]  it  moat  not  be  fttied  in  a  platismn  cmcibleu 


alphurona  anhydride  when  heated  :  snlphide  lA  mol;bdennn]  girea  a  jielkiwiab-greei 
ead  with  micronnic  uUt,  and  ia  converted  b^  routing  into  mo^bdie  aohjdride,  whie 
ivea  a  bine  colonr  with  line  and  hydrochloric  add. 

9.  Mttali  (osmide  of  iridium,  or  residaea  of  pUtinum-orea). — Tht  inaolaUe  anl 
tanee  haa  metallic  Inalre,  or  ia  a  black  powder,  not  affected  b;  ignition.  It  ia  rendere 
iluble  hj  mixture  with  chloride  of  c^liun  and  ipdtion  in  a  atreain  of  chlorine  ;  <: 
irith  pataah  and  chlorite  of  potaiaiui 


IIL  Qtuditalive  AmUj/tit  of  Soliilioiu. 


It  atepe  to  be  ta 


IT  non-Tolatile  conatituenta.  For  the  latter  porpoae,  a  aniall  portion  of  it  ia  can 
ifl;  eraporated  on  platlnntn-foil :  when,  if  son-Tolatile  mmpomida  are  preaeot. 
aidne  ia  left  which  docs  not  disappear  when  atrongl;  heated,  and  ahonld  beaubmitic 
>  the  preliminaiT  examination  aboTe  deaoibcd. 

Theae  precautions  are  of  coarse  nnncceeaoir  when  the  aohitioa  haa  been  made  V 
le  analyat  himseli;  aa  described  in  Section  It ;  but  they  ahonld  never  be  neglecte 
htn  the  aubatance  to  be  eismined  is  already  in  the  I^nid  form,  aince,  if  earefuU 
irtonaed,  the;  mav  enable  him  to  conclude  at  once  aa  to  the  presence  or  abaeaoe  i 
hole  groope  of  bofiea.  Thus  it  is  evident  that  a  solution  whidi.  afler  ear^td  pvapi 
ition,  leaves  no  fixed  residne,  cumot  contain  any  non-volatile  metallic  aidtat 
ilution  neuirai  to  test-paper  (^Bn  generally  contain  onl;  aalta  of  thealkaliDeoralk&Iin> 
irthymetala,  aince  the  sidts  of  most  other  metala  hare  an  add  reaction.  An  aiiala 
ilutfoD  (in  which  no  non-Tolatile  organic  compoonda  are  preaent),  cannot  contain  an 
etals  whose  aalta  are  insoluble  in  alkaline  liquids :  if  the  alkaline  reaction  be  osse 
r  the  preaence  of  an  alkaline  carbonate,  the  preesnce  of  the  alkaline-aarth;  metxi 

impossible.  1£  however,  non-volatile  organic  compoonda  are  preaent,  an  alkalii 
Intion  may  contain  asJta  of  copper  or  aesqnisalta  of  iron,  as  well  aa  such  oxidei 
'anidea,  aiJphidea.  &c.,  aa  are  aoluble  in  c;Bnide  of  potassiom  or  alkaline  mlphide 
be  presence  of  certain  scids  implies  the  absence  of  certain  melals,  and  vin  vertd 
lUa  the  aame  acid  solution  cannot  coDtain  aniphuric  acid  asd  barium,  hydrochlori 
id  and  silver,  ^x.  Silver  need  not  be  looked  for  in  an  alloy  aoluble  in  h;di<i>chlcan 
id.  nor  gold,  antimony,  tin.  Sk.  in  one  soluble  in  nitric  add. 

'"     'o  examine  for  acida  and  metalt  In  i^iankt«  portioi 


»  far  3tel«U. 
n  for  metala  which  is  now  almott  exclnaire] 
nployed,  depends  npon  the  behaviour  of  metallic  aalta  in  aolntion  towaida  llie  folio* 

_ 1 .._ .   1.  ..__..>... — _j  '"jnwAthurie  arid,  ndpAide    ' 

aened  that  lU  these  rea^i 
s  introduced  into  ■  Mtlutioi 
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psrat«,flnt,  bf 
t,  bj  Ljdniof- 


fmlphido  of  ■nunDnininf  those  TVUuiiiLiig  metalB  vhosfl  Bulphides  or  hjdntt««  are 
iLMtlable  in  nentrsl  or  alkklioe  liquids ;  uid  luUj,  bj  carboiuite  of  unmooiam,  thoM 
metalu  irhoae  carbooates  sre  insoluble:  so  that  at  lait  ve  bare  only  the  alluliiiQ 
netali  left  ia  aolatioB.  Id  otder,  howeTor,  to  eSect  the  complete  Kparation  of  each 
gTonp,  the  geoersi  mgenta  mint  he  employed  in  tht  nrdrr  above  itated :  for  anlphida 
of  ammoaiam  would  precipitate  thoee  metoU  vboiie  »utphide«  at«  ioaoluble  in  diluta 
acida,  at  well  aa  those  whosr  aulphidea  are  only  insoluble  m  neutral  ur  alkaline  liquids  ; 
»nd  carbonate  of  ammaninm,  if  employed  before  the  other  reasenU,  would  precipitate 
mo«t  of  the  metali  of  Chvnpa  1  end  2,  their  carbonates  being  bW  insoluble. 

The  following  rules,  the  importance  of  which  will  be  obTious  on  the  leut  tefleetjoc, 
must  also  be  strictly  obaerred. 

1.  The  mineral  acid  employed  to  acidify  the  origiinal  aolution  (when  it  is  not  already 
•ufflciently  acid),  is  either  hydrochloric  or  nitric  acid.  Both  are  employed  dilute,  a4id 
not  in  sufficient  guaJitity  to  interfere  with  the  formation  of  the  sutpbidea  of  Group  1. 
Hydrochloric  is  generally  preferable  to  nitric  add  :  for  it  serves  as  a  general  reigeut. 
aeparatiiiff  at  once  thoee  metals  which  form  insolnbte  chlorides.  If  nitric  acid  be  em- 
ployed, these  metals  will  be  found  in  the  precipitate  by  bydroaulphurie  add. 

2.  The  precipitation  by  each  general  reagent  must  l>e  complete.  To  ensure  this, 
the  reagent  must  be  added  gradoally,  allowing  the  precipitate  to  subside  between  each 
addition,  ontil  no  further  precipitate  ii  produced.  In  the  case  of  hTdmsuIphuric  acid, 
the  predpitation  is  complete  when  the  solution,  after  agitation,  still  smells  Btroogly  of 
the  gas.  Gentle  heat  &dlitatai  the  separation  of  predpilatea  in  almost  CTei;  case. 
Anwidc  (as  arsenic  acid),  gold,  platinum,  iridiojn,  rhodium,  and  molybdennm,  are 
precipitated  verr  slowly  by  hydroaidphoric  add.  Tungsten  and  vanadium  are  not 
precipitated  by  hydroaulphnric  acid  from  an  add  solution  :  they  are,  however,  included 
in  Oroap  1,  because  their  sulphides- ^obtained  by  adding  sulphide  of  ammooinm  and 
ihen  hydrochloric  add),  are  insoluble  in  adds,  but  soluble  in  sulphide  of  ammonimn- 

3.  Each  group,  when  predpitaled,  must  be  thoroughly  &eed  by  washing  w^  water 
from  all  members  of  the  subsequent  groups,  which  maj|  be  contained  in  the  solution. 
This  washing  is  effected,  according  to  circumstances,  either  on  a  filter,  or  by  devas- 
tation. If  the  precipitate  contains  any  easily  oiiduble  sulphides,  a  httle  b^drosnl- 
phuric  acid  must  be  added  to  the  wash'water  ^if  the  siUphide  is  insoluble  in  dilute 
adds,  e.g.  salphide  of  copper),  or  a  little  sulphide  of  ammonium  (if  the  sulphide  is 
soluble  in  dilute  adds,  e.g.  sulphides  of  iron  and  manganese),  in  order  to  pTerent  t^ 
partial  oxidation  of  the  sulpfaide  by  eiposare  to  the  air  durine  the  washing  of  the 
predpitate.  After  the  predpitation  of  each  group,  it  is  adTisable  to  aseertain  the 
presence  or  absence  of  any  members  of  the  miccwding  group*,  by  careftjly  eraporating 
on  platinum-foQ  a  moderate  quantity  of  the  filtrate;  if^  after  ignition,  there  ia  no 
distinctly  visible  reeidue,  non-volatile  substances  need  not  be  looked  for  further.  It 
is  obvious  that,  if  these  two  precautions  (complete  precipitation  and  tborongh  washing) 
be  neglected,  metals  belonging  to  one  grono  are  liable  to  be  found  among  those  of 
another  group ;  and  consequently,  M  the  analyais  prooeeds,  reactions  will  be  obtained 
which  will  be  the  source  of  grest  perplexity  to  the  unpractised  analysL 

Each  group  of  metals  having  been  separated  by  the  application  of  general  raagenis, 
the  presence  or  absence  of  each  member  of  each  group  is  sseertained  by  means  of 
Bpeaal  or  chastcteristic  reagents.  It  seldom  happens  that  the  number  of  eletnenta 
contained  in  any  inorganic  compoimd  exceeds  ten  or  twelve :  and  in  most  cases  some 
distinct  idea  of  the  natnre  of  its  prindpal  constituenta  is  afforded  by  the  resnlts  of  the 
preliminary  examination.  In  metallic  minerals  and  aUoys,  the  heair  metals  ane 
chiefiy  to  be  looked  for :  in  silicates,  the  earthy,  alkaline-earthy,  and  alkaline  netola^ 
iron,  and  maneanese.  It  frequently  happens  that  important  infbrmatioii  icaj  be 
derived  from  the  colour  of  a  predpitate  or  of  a  solntion.  Thus  solutions  of  cnpric. 
chromic,  molybdic,  and  vanadic  salts,  are  blue  or  green ;  those  of  nickel-salta,  green ; 
those  of  ferrous-salt^  light  bluish-green ;  those  of  ehromatea.  gold-salts,  ferric-  and 
platiuic-salls,  yellow,  wiUi  a  red  or  brown  tinge ;  those  of  cobalt-«alts,  red.  &c  Theae 
colonis  are  not  perceptible  when  the  amount  of  metal  present  is  verv  small,  ~ 
they  are  masked  by  the  presence  of  other  metals,  the  colour  of  whos 
complementai;  to  them. 

In  ordai  to  show  the  systematic  method  by  which  the  member*  of  eadi  jpunp  (l 
delected  in  presence  of  each  other,  we  will  now  briefly  go  throagb  the  most  uiportai 
groups  mentioned  in  the  table. 

1.  PrtcipidiU  prcduced  by  kydrocUorie  edit. — Chloride  of  lead  is  snlirHn  in  a  Ian 
quantity  of  water,  eepecially  on  boiling ;  chloride  of  lilver,  in 
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Hereorj.  platJnQm,  paUadinm.  ritodioiii,  iiidivD,  and  gold  ■!*>  pnvipiUMd  l<j 
sibonato  of  bviiini  ontj  whni  tiir;  are  pimut  u  oiygen-iialta,  not  wbcB  pnsmt  ■■ 
Ehlondea,  Ice.  Anenie.  antiBioiuc,  phoaphoric,  nlenic,  uid  nilphDric  itdru  arr  aM 
[Bnpilated  b;  eulmnate  of  baiinm  until  tliti  sohitiorw  of  tbnr  lalU  hare  beta 
iddiilalcd  with  nitne  or  hjdcochlorie  and.  Cazbonale  of  bMJuni  u  not  niDcb  naed  ai 
I  general  reagent ;  it  is  howerer  emplored  with  adrantagr  for  tlte  aepantioo  of  Ihi 
uetala  which  an  precipitated  bj  nlphide  of  afflmoniiun,  aincp  it  [ndjiUtM  com 
pietely  tfaote  which  an  pnaent  aa  inqniaalta^  vbile  the  pntoaalt*  remain  in  aidntiofi 

WIms,  in  the  eotnaa  of  a  ayitcmatic  qaalitati>e  aatSjm,  one  or  more  uumbet*  oi 
the  diffireot  gtoi^  hn«  been  noogniaed  aa  ceoatitoenti  of  tbe  enbatanoe  nsdo'  ex- 
imination,  b;  neau  of  the  reaetiaoi  atioTe  enomoated.  the  nnlta  noat  ba  oonflimcil 
In  certain  apeeial  naetioni,  which  will  be  detailed  at  lengtb  in  tbe  aitidea  devoted  L: 


b.  ErammeHon/or  Add*. 

The  qaalitatire  detediou  of  adda,  ii,  on  the  whole,  ame  '1i*i"ilt  Iban  that  of  metal* : 
dill,  with  doe  cars,  it  11117  '■^  accompliahed  with  gnat  predaioD.  In  moat  caara,  thi 
ireliminaiy  examination,  aa  well  aa  ue  naton  of  the  metaU  already  bund,  giTe  iDfor 
uation  aa  to  what  acidi  should  eepedal^  be  looked  for.  The  knowleiue  of  lh( 
ulnbilitj  of  different  aalta,  and  of  the  nactjooa  of  their  aqneooi  aolotiona  witl 
regetabje  colonra,  ia  of  the  greiteet  importance  in  thia  examinatioa.  B;  heating  th« 
tabst&nce  either  alone  or  with  cooceDtAted  nlpboric  acid,  the  preaence  or  abeentg  a 
yrganie  and  voiatUa  morgtaiic  acida  ia  at  once  sacertained,  these  acids  cither  Tolati' 
ismg  nndeeompoaed,  or  yielding  volatile  products  of  decompoaitjoa.  For  thia  par 
wee,  a  mull  portion  of  the  dry  substance  is  heated  in  a  tot-tube  (not  to  boiliiw)  witl 
t  to  4  timed  itfl  volume  of  conoeotTBted  sulphuric  acid ;  whst,  in  the  caae  of  ul  acidi 
rhich  are  either  volatile  withont  dacompoaitioD.  or  are  decomposed  by  solphnric  tac. 
It  a  high  temperaturei.  gssee  or  vaponn  are  evcdved,  the  [miperties  of  which,  in  moM 
■aaea,  indicate  the  natiuv  of  the  acida  preaenL 

1.  SoK-volattit  acidi:  whose  comnnnds  evolve  no  vajpoon  when  heated  with  (ol 
ihnric  add,  the  mixture  not  being  blackened  ^Silicie,  Berie,  Fha^>horie,  Solphaiie 
todic,  Areeuic.  Selenic,  Tnnsatic,  Holybdic,  Tilanic  addi. 

1.  Acid»  ichieh  nolw  a  eoavrtd  gat,  the  mixture  not  being  blackened  ^ — Hydliodie 
Sydiobromic.  Bromic,  Chloric,  Hypochlorous,  Nitnias  adda. 

3.  Acidi  wiielt  evolvt  a  colMrleit  gat,  generaUy  potiata  on  irritafintf  tmd- 
tnd  a»  add  ttaetioK,  the  mixture  not  bein^  blackened — a.  Volatile  ^thout  deann 
loaition :  Hydraaalphiirii^  Hydrochloric,  Nitric,  Acetic,  Benioic,  SiuKinie,  Hydro 
lorie  acids^  The  gas  evolved  ia  not  inflammable,  except  in  the  case  of  hydr^ 
lulpbDric  add  —  b.    Decomposed  —  Qf anic,    Chromic   (evolvra    ox;rENi),    Carbonic 

iulphnroDS,  Hyponlphnroua,  Folyf"' " — ''-  "^ ■-  ■"— ' "  n_i_i._. — ._:_ 

idda,  Ferro-  and  Ferri-cyanidea. 

^.  Koa-mlatile  organic  acidi:  Tartaric,  Bscemic  Citric  Malic,  Tannic  Gallic. 
Jric  adds.  The  mixture  ia  blackened,  and  carbonic  and  snlpbuioua  anhydrides  au: 
carbonic  oxide  are  evolved. 

Thp  behirioor  of  a  mixture  of  salts,  when  heated  alone  or  with  snlphuric  acid,  ii 
iften  diflcrent  from  that  of  each  individual  salt  under  the  same  circumstances.  Thuj 
I  mixture  of  a  nitrate  or  chlorate  with  a  salt  of  an  organic  acid,  docs  not  bladen  when 
gnited,  but  commonly  detonates  :  a  chloride,  in  presence  of  a  nitrate,  when  heateij 
rith  aulphnric  add,  evolvra  chlorine  and  red  nitmus  fumes :  in  presence  of  a  chromat^ 
'ed  fnmea  of  chlorochromic  add;  in  a  mixtnre  of  a  sulphite  and  a  nitrate,  chlorate. 
junniate,  &c.,  the  sulphurous  add  is  converted  into  snlphoric  add ;  in  a  miztore  o 
1  snlnhide  and  a  sulphite,  the  two  adds  decompose  each  other,  lulphnr  bdng  si-ps' 
iX^  and  the  charscteriitic  smell  of  each  destroyed.  Chloride  and  sobehlt^ide  n 
nrrcuiy,  and  chloride  of  tin  are  decomposed  with  difficult,  if  at  all,  by  m^hnrii 

From  a  solution  containing  volatile  and  non-volatile  acids,  tha  former  may  bi 
leparated  bj  distillation  witii  dilute  sulphuric  add. 

The  general  reagents  unully  employed  in  the  examination  for  adda  in  the  wet  way 
ire  chloride  or  nitrate  of  barium;  chloride  of  caldam :  a  mixtnn  of  solphate  of  maf; 
lesium,  ammonia,  and  chloride  of  ammonium ;  seaqnieliloride  of  iron ;  nitnto  of  silver 
md  indigo-solutioD,  By  these  reagents,  the  most  important  adds  an  divided  into  thi 
bllowin^  group*. 

1.  Acids  which  an  pcedpitaled  by  fiforufe  o/"  iortinn .-  — 

8.  from  a  solution  addnlated  with  nitric  or  hydrochloric  add — Sulphnrie,  Selenk 
flnoailieic  acida. 
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■olpbide  of  ammoniuni ;  sulphatea  of  atroaHum  and  oslcium  by  digMtioD  witll  CuIiol 

of  Kidinm  ;  in  both  autea,  tke  flitntp  roatains  tbr  acid,  togel  Jer  with  to  execM  of 
decompocing;  igeat,  vhlle  the  metal  ii  foond  in  the  regidae.  InaolaUe  salta  of  otk> 
acid*  nn  decomposed  hj  boiling  with  on  ollialiiie  ciu-bonate;  ferric  aajta  of  Tola 

Xoicadds  by  digestion  with  Bmnionia:  in  bath  cases,  the  filtrate  contain!  an  alkal 
of  the  acid.    Sulphides  and  all  aslta  of  the  lower  oijgen-acida  of  snlpliar,  ji 
■nlnharie  acid  when  digested  with  nitric  acid,  or  an;  other  oxidising  agent 

The  ^)plication  of  conSnnaUiry  t«ats  ia  as  necessaiy  in  the  case  of  acids  aa  in  c 
of  mstals.— F.  T.  C. 

Tha  msthod*  of  fwtntilai 
The  processes  for  the  Mpantioo  m 
scribed  in  the  article  devoted  to  that  dement.  The  analysis  of  ashea,  soils,  mineg 
waters,  &c  and  Tolumetrie  analvaia,  are  also  described  in  aepante  articles.  We  n 
here  howerer  describe  a  method,  of  general  application,  which  is  found  useflil  in  nu 
eMet,Tit.: 

Tie  Indirect  mtihod  of  QaanUiaiive  ^na/ysM.  —  Tfae  lunal  method  of 
tormining  the  qoantitieB  of  the  aeveral  BOnetitaents  of  a  componni!  or  miitnre,  ii 
separate  each  of  them  in  the  form  of  a  definite  compomid,  which  can  be  coUected  ■ 
weighed,  t.  g.  silrer  as  chloride,  barinm  as  snlphate,  &e.,  and  calculate  the  weigh! 
the  required  cooititnent  from  the  knom  compositdon  of  this  componnd.  It  sometiT 
happens  however,  that  the  complete  separatioa  of  certain  anbstances  is  veiydlffici 
or  even  impossible,  and  in  that  case,  reconise  is  had  to  a  method  of  determinati 
which  depends  on  the  genenl  principle  that  any  nnmber  of  unknown  qnantitiee  n 
be  determined  simnltaneonaly,  if  we  can  find  between  (hem  a  nomher  of  relatii 
equal  to  that  of  the  qnantitiee  ILemselTes ;  in  other  worda,~n  unknown  quautitiea  n 
ifB  determined  by  means  of  n  equations. 

Suppose  for  example,  we  have  a  mixture,  either  solid  or  liquid,  containing  polassi 
and  sodium,  in  the  form  of  hydrates  or  carbonates.  Take  two  equal  portjons  of  1 
mixture  (it  is  not  necessary  to  know  the  weight  of  these  portions).  cosTert  one  port 
into  chlorides,  the  other  into  sulphates,  and  weigh  the  two  products.  Let  ^e  nun 
.  the  weighta  of  the  chlorides  be  a,  and  that  of  the  nzlphates  b  :  the  unknown  weij 
at  potassium  x.  and  that  of  sodium  y ;  then  from  the  known  atomic  wei^ts  of  1 
metals,  t^eir  chlorides  and  sulphates,  we  have : 
74-5  fi8-£ 
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whence  the  quantities  f  and  y  may  be  determined. 

Another  form  in  which  the  indirect  method  may  be  applied  to  the  determioatiini 
two  anbetaneea,  is  to  bring  them  both  twether  into  a  form  in  which  they  can 
weighed,  e.  g,  as  chlorides  or  stdphatee,  and  determine  the-qnantit;  of  chlorine  n 
sulphuric  acid  in  the  mixture  ;  thus,  suppose  a  mixture  of  potash  and  soda  to  be  e 
vetted  into  chlorides:  let  the  sum  of  the  weights  of  these  chlorides  be  s,  aod  let 
amount  of  chlorine  in  this  mixture,  determined  as  chloride  of  silver,  be  e  ;  then  if  x 
the  quantity  of  potassium  and  y  the  quantity  of  sodium,  we  have  the  two  eqnatioiu 

KCl  NaCl  CI  a 
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whence  *  and  y  may  be  found. 

If  three  subetaDcea  are  (o  be  determined,  r.  g.  barinm,  atrontiom,  and  calcium, 
ahould  of  course  reqoira  three  equations,  which,  in  the  case  supposed,  might  be  obtaii 
by  weighing  the  three  aubatauceB.  first  as  carbonates,  then  aa  oxalates,  then  as  » 
phalea.  It  is  seldom,  horever,  that  the  indirect  method  is  applied  to  the  dclamiiiut 
of  more  than  two  substances. 

A  case  in  which  this  indirect  method  of  analysis  is  often  appliedl,  is  to  tbe  det 
minatton  of  a  small  qasntily  of  bnunine  or  iodine  in  preeetiee  of  cUorine,  aa  in  I 
analysis  of  mineral  waters.  The  chlorine  and  bromine  an  precipitated  by  a  aolnt 
of  Bilrer,  and  the  mixed  chloride  and  bromide  of  silver  is  weighed.  It  is  ueo  wi< 
in  a  stream  of  chlorine  till  aU  the  bromine  is  expelled,  and  the  revulting  chlonde 
again  weighed:  let  the  difference  of  the  two  weights  be  d;  then,  since  chloriiH>  u 
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Broputu  tai  ladtnt  nuy  be  detected  I7  limilai  t^eabnenti  ITmriiu  In  tb«  wbm 

BuuuiK  u  in  inorguuG  botbea. 

Bvlphar,  Photphona,  and  Artenie,  ue  detMtrd  hj  ienitiDg  tli«  orgenie  eompomw 
with  a  rnixtnn  oC  hydrats  of  potaniuiD,  aod  nitra  or  dilonrte  of  potaesiinn,  vbenb; 
thoee  elemeuti  are  conTerted  iott)  nJphnrie,  pho^horic,  aod  anenic  acdda,  thi 
pmeaoe  of  «hi«h  may  be  demooitrated  bj  reoctioiu  appropriate  to  each. 

M^tala  occoiring  in  organic  ramponnda,  remain  ten  the  moat  in  the  form  of  oxidffl 
or  Id  the  metallic  state  vbeii  the  organic  matter  ii  bant.  Uereuiy  may  be  detfctei 
ID  the  oidinaiy  way.  by  dietillatioo  with  lime. 

QBBBtltBtlT*  AbbItb!*!  The  flnt  quantitatiTe  analyaei  of  o^;aiue  bodies  wck 
made  by  Gay-LiuBac  and  Thjnard.  The  anbetauoe  to  be  analysed  wai  mixed  with  1 
known  weight  of  Meratt  of  fotattutih,  and  made  up  into  imall  pellela,  which  ver 
dropped  one  bj  one  throngfi  a  ttopeock  of  peculiar  coortrnction,  into  an  npright  glaa 
tabe  neated  to  redness,  the  gai  thereby  produced  escaping  by  a  lateral  tube  and  brinj 
collected  over  mercory.  The  Tolnme  of  gas  was  exactly  meaaored,  and  the  carboni 
acid  absorbed  by  cauntic  potash.  The  remaining  gas  consisted  either  of  pore  oxygen 
or  (in  the  ease  of  aiotiaed  bodi«)  of  a  miitnre  of  oxygen  and  nitrogen,  the  proper 
tions  of  which  were  determined  endiomefrically  (see  Ajtaiysis  or  Q*a»s).  Knowiii) 
then  the  weight  of  the  substance  burned,  the  weight  of  the  chloiste  of  potaBsiiun  used 


rluced,  and  of  the  oxygen  remaining  aAer  its  absorption,  anffidcnt  data  were  obtaioei 
calculating  the  amount  of  carbon,  hydrogen,  and  oxygen  in  the  anfaetance  analysi-ii 
for,  the  difference  between  the  total  quantity  of  oxygen  which  had  diaaFpeaied,  an- 
that  which  was  consumed  in  burning  the  carbon  (tlua  latter  qnaoti^  being  equal  u 
Tolume  to  the  carbonic  acid  prodaced),  gave  the  qnantit}'  which  had  uaiCed  witli  th 
hydrogen  to  form  water,  and  thence  the  amoont  of  hydrogen  waa  calculated. 

This  process  was  a  ^uat  step  in  chemical  science,  uid  yielded  many  imporCan 
resulta ;  but  it  was  difficult  of  execution,  teqniiing  mat  skill  on  the  part  of  tbi 
operator ;  it  was  alao  inexact  in  the  case  of  nitn^enona  bodies,  and  totally  inapplicabl 
to  liquid  or  Tolalile  conipounds,  Beneliua  simplified  it  by  mixing  the  chlorate  c 
potassium  with  common  salt,  thereby  cansing  the  combustion  to  go  on  gradually,  am 
rendering  it  possible  to  introduce  the  whole  of  the  materia]  at  once.  He  alao  coUect«i 
and  weighed  the  water  prodBCed,  and  thus  greatly  simplified  the  calcnlation. 

Saussure  and  Prout  burned  the  organic  substance  is  an  atmosphere  of  oxygvi 
Frout's  apparatus  waa  so  contrived  that  the  suhstanoe  was  burnt  in  a  measured  volnni 
of  ox<^n,  and  the  volume  of  the  gas  remaining  after  combustion  waa  compared  viC 
the  original  volume.  Now,  since  the  volume  of  carbonic  acid  prodnned  by  the  com 
biLstion  of  carbon  is  equal  to  that  of  the  oxygen  consumed,  while  that  which  unit« 
with  the  hydrtwen  to  form  water  disappears  altogether,  it  follows  that  if  the  ot^ni 
substance  contams  oxygen  and  hydrogen  exactly  in  the  proportion  to  form  water  (a 
in  acetic  acid,  augar,  &c.),  the  volume  of  gaa  remaining  alter  combnation  will  be  equi 
to  that  of  the  original  oxygen:  whereas  if  the  proportion  of  hydrogen  is  greater  (as  ii 
alcohol  and  ether),  the  volume  of  gas  will  be  diminished  by  the  comboition ;  and  i 
the  proportion  of  hydrogen  is  lees  (as  in  oxalic  add),  the  volume  of  gas  will  be  in 
creased.  Hence,  by  abwirbing  the  carbonic  acid  with  potaah  and  meaaoricg  lb 
raidual  gas,  auffioent  data  were  obtained  for  calculating  the  quantities  of  rarboi 
hydrogen,  aad  oxygen. 

The  method  now  universally  adopted  for  the  estimatian  of  carbon  and  hydrogen  i 
organic  compounds,  consists  in  burning  the  oomponnd  with  a  large  exceaa  of  oxide  0 
copper  or  chromate  of  lead,  and  detemuning  the  quantities  of  carbonic  add  and  witc 
produced  by  the  combustion,  not  by  measure  but  by  weight,  the  water  being  abiorbe 
by  chloride  of  calcium,  and  the  carbonic  acid  by  potaah.  The  use  of  oxide  of  ampt 
WAS  first  iatrodnced  by  Gsy^Luaaac  and  afterwards  adopted  by  Ure ;  but  it  is  to  Ijebi 
that  we  are  indebted  for  those  modificatioos  of  the  process  which  have  brought  it  t 
ita  present  state  of  simplidty  and  exactness. 

The  pTDceas,  as  now  performed,  requires  the  following  materials  and  appaiatiu. 

OiiJt  of  Coppw.— fteparcd  by  diasolving  copper  in  nitric  acid,  evaporating  to  drj 
nesB,  and  ealciniug  the  reddual  nitrate  in  a  crucible  at  a  low  red  heat  Aj  tha 
|n«[nred,  it  is  a  dense,  soft  black  powder,  which  rapidly  abeorbe  water  from  th«  ai 
even  before  it  is  quite  cold.  I(  however,  it  be  vei^  atrongty  bested,  it  aggregate 
into  dense  hard  lumps,  which,  when  broken  into  small  pieces  and  sifted  &om  the  fine 
powder,  yield  an  oxide  well  adapted  for  the  combustion  of  volatile  liquids.  Oxide  « 
«oppeT  may  also  be  prepared  by  igniting  copper  turnings  in  a  muffle.  The  oxide  Ihu 
Ahtained  is  much  harder  and  teas  hygroscopic  than  that  prepared  from  Ihe  aitratf 
bat  it  is  not  so  easily  mixed  with  an  oi«anic  sabetance  m  the  state  of  &ne  pewdei 
Oxide  of  comw  mos*  *'»—      "  ■  ■■  — *-  ■  ■    '    —  '         ■        -  ■>-■--.!-  before  use. 
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"Bu  V-taht  mut  tiw*jn  ha  lued  in  pnfcrenefl  to  the  itni^t  tnlM  (jS^.  B), 
vb«n  tlie  onnlnutioD  ia  nude  in  ft  itfcain  of  oxTgen  gM ;  beeani«  the  catroct  of  gx 
being  tlien  itibtr  itnng,  ii  apt  to  tanj  the  Tsponr  of  waltz  thnnigh  the  Ibsi^t 
Wh)  bo  qnickl;  that  a  portion  of  it  Mcapea  Dncondeiued,  Thoreaj  the  U-tube 
dvtaiiu  it  loiigeT,  and  ii  more  likel;  to  eiunoe  eomplets  abROiption. 


^la 


Fig.ll. 


Fig.  13. 


me  ehkride  of  ealciiiin  ehonld  be  in  the  tpongj  Mate  in  which  it  it  obtained  H 
drjiiiB  et  about  S00°  C  Thr  fiued  chloride  ii  not  lo  good  for  the  parpoae,  becauae  it 
oftan  eontiiaa  free  lime,  which  abeorbe  carbonic  acid  ai  well  aa  water. 

Poliuh-biUU.  —  The   eolation  of    caiwtie  potuh 

which  abeorbe  the  curbonic   acid,   ii  eoctained  io 

a  liebigfa  bnlb-spporHtiu    (Jg.   12),    Uie    farm  of 

which  ia  ao  coDtriT»l  aa  to  ke«p  the  bubblee  of  gu 

in  oODtact  with  the  tolntion  for  a  conatderable  time, 

withdnt  naing  a  long  eohuim  of  liquid.      The  large 

bulb  a,   ia  connected  with   the  caloride-of-caleiam 

tnb^,  the  other  eitTemitj  of   the   apparatni  being 

left  open.    The  eolation  of  potaah  ehonld  have  a 

dsniitj  of  about  t-2T.    If  a  weaker  \ty  be  naed, 

the  carbonic  acid  will  not  be  eompletelj  abeorbcd. 

and  ationger  lej  ia  apt  to  froth,  and  in  that  caae 

a  portion  of  it  ia  mre  to  be  forced  out  at  the  open 

end  of  the  apparatiu,  therebj  annihilating  the  rr- 

ault  of  the  experiment.    To  fill  the  bnlbs,  tu  potaah 

aolutioD  ia  poured  into  a  imall  be^er  or  crucible, 

and  drawn  into  the  apparstna  bj  meana  of  a  email 

■netion.tabe  {fig,  13),  attached  to  one  end  by  meana 

nf  a  periinatad  ooik     The  quantity  of  liqoid  introduced  ahould  be  nffieieiit  to  nearly 

BU  Ott  tkne  lower  bnlba,  nc«  more :  the  apparatna  thua  Slled  weighs  frinn  40  to  60 

giammea.       Befbre  weighing,  it  must  be  carefnllj  wiped  on  the 

Fig.   IS.  oQtaide;  and  the  inaidp  of  the  tube,  bj  which  the  liqnid  baa 

^       entered,  muat  be  dried  b;  meana  of  a  thin  roll  of  filtering  paper. 

j^k  Corkt, — The  connection  between  the  oombnstion-tabe  and  tiie 

(     J     chloride  of  ealciam  tube,   ia  made  by  a  perforated   ooA.     The 

\f^     gieateet  paina  ihoold  be  taken  to  select  for  the  pnipoae  good 

%_^-  -  ■  -—-J  corka,  amoolh,  and  fi«e  fiom  flawa.  Thej  ahould  be  aoftened  bj 
beating  or  by  pi^Baure.  Immediately  before  the  combuation, 
the  eeA  muat  be  thoroughly  dned  in  an  air.l)ath  or  land-bath  at  a  tmnpemture  a 
little  aboTS  100°  C. :  too  great  a  heat  must  be  avoided,  aa  it  randen  the  coiic  brittle. 
Caoutektme-t^ia.  —  The  chlorido-of-colcinm  tube  ia  connected  with  the  pota^ 
uipannu  biy  a  flexible  tube  of  caoutchouc  These  tabee  are  eaaily  made  bj  binding  » 
piece  of  aheet-caoutchoue  over  a  ^laaa  rod  or  tube  of  the  proper  aiaa,  and  eulting  it 
with  a  single  stroke  of  a  pair  of  acuaors.  If  the  edges  be  then  pressed  together,  a  per- 
fectly tiglU  tube  will  be  made.  The  connectiona  are  made  air-tight  bj  Qring  with 
ailk  cord.  Tubes  of  mlcaniaed  caoutchouc,  which  ma;  be  pnichased  ready  made,  may 
also  be  need,  and  if  of  such  a  sice  aa  to  requiro  eorae  foive  to  fit '  them  to  tha  tnbe& 
they  make  an  aii^tight  joint  without  tjtng ;  they  must  howerer  always  be  perioiuly 
du^sted  with  a  moderately  atrong  solution  of  potasb.  in  order  to  remoTe  the  aulphiu; 
which  !■  otherviae  apt  to  get  into  the  chloride  of  calcium  tube  and  potaah^ppaistns. 

Combiuti^n-furnaca. — The  combustion -tubes  are  heated  either  witb  cfaaMoal  oi 
with  eoal  gaa :  formeriy  charcoal  was  the  only  fiiel  employed ;  bat  pi^fiimaMa  Mt- 
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FuTiacta  hmre  >1k>  been  oonstracted  Tot  banung  ipirit; 
arul  in  moat  countrie*  renden  ila  ow  vary  limited. 
Ifl  of  alicrt  iron,  in  the  form  of  a  trough  (Jig.  11),  33  t« 
igb.  The  bottom  ia  3  inchea  wide,  irth  nurov  aper- 
Thich  form  a  aort  of  grate ;  the  (idea  of  the  Aunace  are 
lea  apaii:  at  top.  To  ropport  the  combuation-tabe,  piece* 
n  D  ififf.  15],  aia  riTated  ki  the  bottom  of  thefnrsaee  at 

Fig.  16. 

equal  height„<rith  their  edges  ground  flat,  and  eorreapoDd 
it  of  the  fiimaM  k.  The  fwnace  is  placed  upon  flat  bncki, 
r  the  grating  noleaa  the  whole  ii  pizrpoaeV  raised ;  the 
d  at  plnaur*.  The  heat  prodnced  bj  the  eharcaiJ  fire 
raised  to  any  degree  reqoired,  higher  indeed  than  the 
x;  on  the  other  hand,  the  nee  of  cbareoal  as  ftiel  luia 
erator  is  exposed  to  great  heat  and  to  the  deleterioiu 
the  ash  fliea  about  to  such  an  extent  that  it  ia  alwaji 
iDstions  in  ft  room  apart  from  the  general  labonUorj. 
Dg  been  considered  dfMrable  to  nae  co»l-gl«  as  the  ftiel 
d  several  forma  of  fomace  bkTe  been  contrived  fbr  the 
however,  that  the  problem  baa  received  a  aatts&elor; 
«  conatrncted  by  Dr.  Ho&nasD,  and  deaoibed  by  him  ia 
Sode^,  vol.  zL  p.  30,  whence  the  fbUowing  detaila  and 

ia  ceaential  that  the  gM  while  baming  be  mixed  with 
iBore  complete  comboation  and  prevent  smoking.  Thia 
ag  a  sheet  of  wire  game  between  the  flame  and  the  oriflces 
hie  conbivaoce  vsa  indeed  adopted  in  a  form  of  Aimaca 

Bome  jeara  ago  by  Dr.  Hofmann,  and  haa  also  Ven 
hniaeea  thus  oonabncted  an  very  liable  to  get  out  of 
epeedy  deetraction  of  the  wire  game ;  moreover,  they 
for  many  combaationa :  henee  they  have  not  coma  into 

M,  the  mixing  of  the  gas  with  air  ia  attained  by  eansing 
of  small  orifices  placed  very  close  together.    For  thi* 

conaisdi  of  a       F^.  tfl.  Fig.  17. 

lostd  at  top, 
imeiona  per- 


foration^ of 
•re  made  in 
}  row*  of  tS 
lay  nlinder 

y  bat  a  wing 
n  has  been 
nms  with  a 

itna  is  shown  *  'i^Sc^'** 

«  a,  from  S  feet  to  3  feet  S'iJS^^"^'^.^^;;^ 

diameter  (shown  in  aeetion  ^  (.h  ^^  bantn. 

inieatea  at  both  ends  with  f-  "^JSJilJ^il^fr^^ 

ry,  there  are  screwed  from  Jl  OMlnoiwtni-*^ 

»l»j  1  u  i«4  irid.  ud  ;.^ij«i™«jj». 

With  Btopcooks  ma  carry  n,  cimr  |iui«  uRm^ltj. 
,nd  I  of  an  inch  in  diameter. 
inuy  bat's  wing  bnnien  (each  comiuming  from  3  tn  4 
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[e  feat  of  pa  per  hoar,  fbr  k  lUl  IsminolM  effbet)  n 


notiding  immber  of  cUt  bnnien.    Theae  day  bBcnan  dddd,  hare  the  dimcnion 

aWa«t»t«d,  MMDting  the  middle  one,  irti ' 

80  pertbtrntjoo*.    It  Mm*  a*  a  nmport  fi 

bedded  in  a  channel  of  heated  fire-daj.  The  lyatem  of  brackets  lying  nde  hj  side 
aoqnine  (nffident  atability  bj  a  atamg  iron  frame  jry,  which  rests  opon  tvo  Sm 
■npporta  i  it,  of  caat-iron,  futteaed  down  bj  tatma  upon  the  foot-plate,  ■  t^  likwiw 


■bo*a  (tated,  esMoting  the  middle  one,  iriiieh  ia  onlj  1{  inehea  high  and  haa  70  a 
""  -~*-^'ion*.    It  ■erwe  a*  a  n^port  for  the  eombiutioii-hibc  /  riici  ii  thni 


yo,  haa  moreorer  ■  Broo™ 
moreable  dde  platea  of  flre-claj  i  k.  They  are  of  the  eune  height  ai  the  tiigt 
buTDen,  orer  which  thay  pnyect  about  I  of  an  inch,  in  conseqnenca  of  their  resting  iipol 
the  frame  g ;  Iiuttlj,  1 1  are  eoTBiiDg  pUt«a,  likewiae  of  flrcKclay,  which  tie  ani^ortac 
hj  the  aida  pUtea  k  k. 

The  whole  diapoeition  of  1Mb  apparatol  will  be  beet  nndeistood  by  the  penpectiTi 
Tiew  giren  in^.  18.  In  the  front  part,  oontigiioaa  to  the  potaah-appanttoa,  the  iidi 
pUtea  and  the  oorering  plates  are  omitted,  in  order  to  ahow  the  duDoaition  of  thi 
tmmen.  During  the  oombostion,  howerer,  all  the  bnman  are  inclosed,  ai  ezhibitec 
in  the  postsiiar  port  of  the  aj^iaratiia. 


The  elBden<7  of  the  fdmace  depends  enentUUy  apon  the  ooirect  di^ositioti  ol 
the  gas  j'eta.  The  most  appropriate  space  between  the  wrcral  bnmera,  i*  aboat  j 
inch.  It  is  very  important  for  the  attainment  of  a  perfectly  nnifbna  tanperaton 
that  the  seraral  braektia  bearing  the  bnrnem  ahoald  be  eqnidiatanL  Their  poaitico  i> 
therefore  tpecially  ■eeorsd  by  ererj  bracket  being  Died  in  an  apertnre  formed  in  the 
iron  frame  gg,  Jig.  17- 

According  \a  the  length  of  the  combiution-tnbe,  trraa  B  to  10  stopcodts  (luider  all 
cireiunitances  the  laigest  pooaible  number)  are  opened  at  once  at  the  commencemeni 
of  a  cOQibastion.  If  care  has  been  taken  to  regiilBte  the  amonnt  of  gas,  eitlier  by 
the  stopcocks  in  the  horisonlsl  gas  pipe,  or  by  Chose  in  the  separate  mpplr-tnbes,  the 
lighted  portion  of  the  furnace  will,  m  10  or  12  minutes,  he  in  a  atata  of  perfect  in- 
candescence. After  this  it  ia  only  neeeaaary  to  open  the  moainder  of  the  slopeoeki, 
in  l^ipropiiate  SDceeaaioo,  to  insnre  a  slow  and  regularly  progreanng  combustion.  The 
time  required  ibr  the  completion  of  an  aoalysia  Tsriee  frcm  40  minute*  to  an  boor, 
rarely  more. 

The  heat  obtained  by  this  ftimace  is  Tsry  regnlar ;  and  aincs  it  ii  eonreyed  to  the 
eombnation-tubs  chiefly  by  radiation  from  the  ineandaaoait  man  of  surrounding  day 
ererr  part  of  the  tabe  is  equally  lieated.  The  tempsmtnre  which  it  ia  capable  ol 
yieloing  ia  tnHrelg  at  the  command  of  tho  operator.  When  strained  to  its  full 
power.  It  gtrea  a  heat  equal  to  that  of  the  strongest  charcoal  combustion-ftamace ;  but 
by  properly  adjusting  the  stapcocka,  it  may  be  knit  at  any  desired  tamper^sre, 
tapaciaUy  since  it  is  only  necessary  to  look  into  the  channel,  when,  with  ■  little 
practice,  a  eonect  idea  of  the  temperature  is  r^idly  obained  from  the  oolour  d 
the  Rowing  cylinders-  It  deserres,  however,  to  be  notieed  that  the  apparatni 
furnishes  rather  more  heat  than  is  generally  required ;  it  is  preferable,  tharefimv 
nuder  all  circuzoatances,  to  protect  the  combustjou'tube  by  a  metallic  shield :  for  this 
purpose  ordinary  brass  wire  game  may  bs  conveniently  employed;  it  is  more  easily 
maoipulated,  and  may  be  used  longer  than  the  thin  oopper  or  bniss  plate  ganarally 
empl^rad. 

One  great  advantage  of  this  furnace  is  its  durability.  The  clay  plates  and  bnrneia 
■hnw  bat  littls  tandoncy  to  ^t,  and  tlie  mixture  ot  gna  and  aii  i«  w  p«tftet  that 
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3-  bMome  itopped  np  vitli  oAoi 
lob  Itn  tb&a  that  c^  the  chuvoi 
t  Dr.  Hofinaim  hsi  round  that 
and  reqairing  the  wbols  length 
me™),  comrames  from  80  to  BO 
on  determiD&tioB,  with  21  rovi 
'  laita  tboQt  40  minatea,  tram 
lind,  and  for  &  nitrogeii  deter- 
.  In  Ubomtoiin  when  manj 
UTiDg  of  fdel  soon  coven  tlie 

ntu  «nd  the  coDmnption  of 
by  redocuig  the  nniubar  of 
8,  u  ihown  in  fig.  19.    The 

B  ii  (tf  Gonne  not  so  great  u 
le,  bat  it  it  nffldent  for  nearlj 

u  ftunace  for  oigamc  aaalyiii 
ine  of  theee  inreotad  bj  Babo,  «. 
saented  is  Jig.  26,  pige  23fi. 


nnius  the  [miportion  of  the  elem 
ore  that  the  mbatanca  is  in  a  pa 
liat  the  procwaea  of  ultimate  i 


Btermined  for  commeidal  puipoi 
■  by  the  qitautitj  of  niljogen  vh 
egnlantj  of  sOncton,  whether  a 
of  parity:  in  ineh  eu«,  euunin 
ToBMUacj  of  melting-point  ia  al 
of  btty  bodiea.  The  puriflcati 
from  Bolutioii.  or  fiom  the  ftuei 
ion.  In  liqnide,  the  chief  teat  i 
n  ia  efTected  chiefly  by  fractional 
lance  mnit  be  burnt  upon  pUtinn 
inorganic  matter ;  if  tbe  organic 
ie  matter  i*  prewnt  in  coiuiderab 


Xie 


rater.  For  thiapnrpoae.  aweigl 
la  in  a  walei^bath  at  100°,  and  tl 
laitad  and  again  weighed :  and  ' 
«ighing%  between  which  the  aul 
ubetanoe  may  thai  be  eonaidend 
'  a  tamperatnre  of  100°  C.  withot 
,  laif^e  diah  containing  strong  anl 
Ji  a  bell-jar;  the  daiccntion  it 
on  the  plate  of  the  aii^pnmp,  xml 
'  applied  to  detennine  Uie  arnotii: 

compounda,  the  water  of  cryaln: 
erer,  retain  their  water  wiUi  tot 
tioned.  8nch  snlmtanwa  may  bo 
ted  in  a  water  or  oil-bath,  v-hilt 
leani  of  an  amirator.  In  tome  ca 
m  only  be  effected  by  heating 
rted  by  an  air-pomp,  then  iiitrc 

anbatanee  ceasea  to  loae  weight. 

nit  to  determine  how  much  of  Ih 
ta  in  the  form  of  water :  for  man, 
n  be  eliminated  br  the  methoda  i 
iponnda.  In  aucb  caaea,  the  pn 
lonnd  in  the  hydrated  atate,  ani 
)Ie  by  the  phenomena  which  the 


mbttanu  being  thoroii^ilj  diy  and  ii 

S  Kraii")  u  WBiflhed  out  in  a  cmdl  tnt- 
[hiikg  being  mads  rmnA  to  the  t«ith  of  i 
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VoUtila  liquid!  an  dehjdnted  by  leaTing  tliein  for  MHne  tune  in  contact  vill 

howerer  pierioiuly  removed,  as  it  might,  vhcn  heated,  give  np  eoma  of  the  win 
which  it  hai  aboorbed. 

The  eabetance  hiTiiig  been  brought  to  the  paper  itatA  of  pnril;  and  izjatm,  maj 
DOW  be  sat^eeted  to  the  combuation  praceoa. 

EmiuTioH  or  Ci^Bon  um  Hisbckbbi. 

In  Bolidt  not  amtainitig  yitrogen. — The 
the  state  of  Sne  powder,  about  0'3  gnn.  (or  6 
tube,  or  between  two  watch-glunea,  the  weighukg  being 

milligTWnme  (or  -001  of  a  gnin).  Th«  tbimI  '  and  iti  oonlvnti  are  wei^ied  togethn' 
and  after  the  gabataooe  haa  been  remored,  the  mwl,  with  the  inuJl  qnantitj  o\ 
ToatteF  adhering  to  it  ii  again  weighed.  1>i»  weight  dedaet«d  fniiD  the  fbtmar  gira 
the  qnanti^  of  aabatanea  oaBd  in  tha  experimant  The  Corabortion-tabr  after  bemf 
cleaoaed,  if  necenaiy,  is  made  tvtj  hot  in  the  land-balh,  and  a  long  glaaa  tabe  htiog 
thraat  into  it,  the  air  i>  sacked  out  so  aa  to  nmove  ereij  trace  of  moiatim. 

The  combtution  may  be  made  either  with  oiide  of  eo^^Mr  or  with  cfaromate  of  lead ; 
the  latter  being  the  more  eaail;  managed,  on  aoMnuit  of  its  poaaassing  little  or  nt 
hTgroacopic  tendencies,  we  shall  describe  its  nee  in  the  first  place:  — A  qnaatitj  of  tht 
chromate  (preiioiuly  fOsed  and  palrerued)  sufficient  to  fill  the  tubs,  is  heated  orei 
a  giB  lamp  till  its  colour  chaogM  to  brown-red.  When  it  has  cooled,  a  imall  qnan- 
tity  ia  ponred  into  the  tabe,  sufficient  to  fill  about  an  inch  of  its  length,  and  about  two- 
thirds  of  the  remainder  is  ponied  into  a  clean  di;  porcelain  mortar.  The  aubatanee  t<i 
be  analytied  is  then  added  to  it,  and  the  two  are  eaivfolly  mixed  by  gentle  tntoratiDn. 
The  combnstion-tube  being  then  token  in  the  right  hand,  and  the  mortar  in  the  Inft, 
the  mixture  is  transferred  to  the  tnbe  by  a  Und  of  screwing  motion,  the  c^ien  end  of 
the  tnbe  being  slightly  inclined  upwards  after  each  addition,  and  tha  tubs  lightly 
tapped  against  the  side  of  the  mortar  to  make  the  mixture  descend.  When  Dcaiiy 
the  whole  of  the  mixture  hu  beao  thus  introduced,  a  small  qnanti^  of  fresh  duo- 
mate  is  poui«d  into  the  mortar,  triturated  so  as  to  rinse  i^  and  then  tntnafened  l«  the 
tnbe  in  the  same  manner.  The  remainder  of  the  tube  np  to  widun  ta  tneh  <^  tha 
end  is  filled  with  pure  ehromata.  Tha  contasts  of  the  tube  are  then  shaken  together 
by  a  few  gentle  taps  on  tha  table,  ao  a*  to  leave  a  free  pawage  tiirotl^iaQt  to  the 
avolTad  gas.    The  sirangemant  of  the  mixtore  in  the  tube  i*  uown  in  /Iff.  2D,  wh« 

FIS.ili. 


J 


tr  the  open  end. 

The  tnb«  is  now  laid  in  the  combostiDn  ftimaeet  and  tha  chloride-of-caleiam  tube 
and  potoih-bnlbe  are  attached  to  it  in  the  manner  alrewh  deaeribad,  the  potasb- 
bnlb*  resting  on  a  folded  doth,  and  tha  ontar  bulb  bains  ilightlj  nised  W  pUdng  ■ 
cork  under  ths  appatstos  at  r.  Fig.  21,  reprearnta  the  anaiuemeDt  nr  bnming 
with  charcoal.     The  disposition  of  the  gaa-timiace  ia  shoiwn  n  fig.  IS,  page  32& 

Fig.  21. 


Before  commencing  tha  eombnstion,  the  appantna  must  be  oreftdly  tttaminad  la 

ensure  its  tightuesa.     For  this  porpoaa,  a  hot  coal  i*  held  for  a  short  time  near  the 
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ipuatoi,  wotMto  nrafr  tha  air  and  cmoM  ■  few  babUca 

^s  coal  i«  thiin  inth^wn,  and  the  appanbu  left  to 
If  all  tbe  joint*  are  air-tight,  the  liqoid  will  no*  rii« 
>1  than  in  the  outer  bulb,  and  will  retain  ita  podtion ; 
loan  Ikll  down  to  its  anginal  lareL  Should  thia  be  the 
ibl;  in  Uw  corii  which  &  into  the  eombiutiaii-tnba,  or 
To  remedj  thia  ineonTeniance  withont  dalaj,  it  ia  well 
hree  well  diied  perforated  ooib  and  a  good  atock  of 

ratni  hanng  been  eatabliahed,  the  heat  maj  now  ba 
1  of  the  tobe  containing  the  pnie  chtomate  i*  flnt 
d-hot  charcoal  roond  it  (or  turning  on  the  gaajeti  im- 
arcoal  furnace  ia  proTided  with  a  moreabla  acreeD  a, 
&om  extending  too  quicklj  along  the  tabe.  When  the 
red-hot,  the  pore  chroDiate  of  lead  at  the  clcaed  end  of 

0  lednees,  in  order  to  bum  anj  vapour  that  may  diShw 
nd  to  prevent  its  deposition  on  the  drawn  out  point, 
B  difflndt  to  remove  (this  precsntioa  moit  be  taken  in 
■  proccMj.  The  Sre  in  Jowlj  extended  toward*  the  inr- 
r  the  muttnre  being  thoroughlf  burnt  before  the  fire  i* 
LStion  ahould  be  *o  leguUledtbat  the  oaibonie  acid  maj 
iform  rat«,  and  in  a  luocesaioa  of  bubblaa  which  nuj  be 
!D  i*  preHot,  tLese  bnbblee  are,  after  a  certain  tune, 
otash ;  but  whea  an  azotiaed  body  ie  burnt,  bubble*  of 
lah-aolution  during  the  whole  pioceaa, 

lied  to  redneu  throushoat,  the  heat  mnat  be  raised  by 
admitting  air  below  b;  elightlj  raising  the  fiimace  horn 
roluCioB  o[  gaa  bcffioe  to  slacken,  the  cork  i*  removed 
md  tbe  apparatus  Draught  into  the  horizontal,  poeition. 
well,  the  evolution  of  carbonic  acid  ceases  all  at  once ; 
ilAea  continue  to  puss  slowlj  at  intervals  for  a  long  time 
ughly  ignited,  we  maj  be  sure  that  the  combustion  is 
nseqacnce  of  the  miitore  not  having  been  sufficiently 
r  of  carbon  will  be  found  deficient, 
f  ga*  ceuea,  the  liqoid  begin*  to  lise  in  the  bulb  n. 
klj  removed  from  Uie  end  of  the  tube,  and  the  point 
lis.  If  the  passage  through  the  tube  is  clear;  th«  potash- 
Jie  same  level  in  both  bulbs ;  if  it  does  not,  there  is  a 
ime  must  be  lost  in  clearing  it,  by  thrusting  in  a  atont 
Jierwise  the  potash -solution  will  be  sucked  np  into  the 
the  result  will  be  entirely  dotmyed.  To  complete  the 
eesary  to  draw  a  stream  ^air  through  the  apparatus,  by 
13)  to  the  extiemi^  p,  of  tha  potash  uparatua,  ■>  as  to 
trbonic  add  and  aqneons  vaponr  twnainTug  in  the  tube 
be  and  potash-bulb*.  In  doing  this,  howevor,  a  cotain 
Jie  broken  end  of  the  tuba  baing  snmnnded  with  an 

1  portion  of  thia  ga*  ii  likdj  to  &  dnwn  thnnigh  tba 
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mbore  ti]«  itntam  of  carbooio  ftdd  aT«r  the  ftinucA.    Wlien  th*  gu  ftmaee  a 
thi*  pKcsQtMD  uof  eoan«t«i|Mrilnoni;  u  the  flame  can  ba  extiiigiluhed  at  con. 
Lurtly,  the  cUorida-of-ealciam  tube  and  the  potaah-bnlba  an  detached,  left  tn  ox 

for  abonC  half  an  hoar,  and  then  weighed.  The  incrcaae  of  veight  of  the  potaah-bull 
ffivea  the  qoautit;  of  orbonic  add  (vodnced,  and  A  of  this  is  the  qoaatitj  of  carbo 
in  the  inbataoce  analjicd.  The  increaM  of  veight  of  the  ehloride-of-caleiniD  tal 
KiTee  the  qaactitj  of  water  prodoced,  and  1  of  thii  U  the  (sioimt  of  hjdrogen.  Knoa 
ing  then  tna  quantities  of  urbon  and  hyorogen  in  a  giren  quantitj  of  the  tabstani: 
analyied,  it  is  eaij  to  calculate  the  proportiona  of  caibon  and  hjdiogen  in  100  part 
If  the  qaantitiea  thni  determiQed  nuke  np  100,  the  (nbatuice  ii  a  hjdrocarboa ; 
then  if  a  daOdeae;,  and  it  is  knom  that  no  nitiwea,  laJphar,  chlarine  &e.  ii  preeen 
the  difRmoce  givea  the  percentage  of  oxjgen.  ^amplea  of  the  calcnlatioa  will  i 
given  ftuther  on. 

Con^iatKn  viti  Oxid*  of  Capper.  — When  the  oomfaoation  ia  nude  with  oxide  i 
eopper  instead  of  chiomate  of  Imo.  partjcnlar  precantioiu  are  required  to  prerent  tt 
absorption  of  watec  during  the  mixioK  atid  filling  of  the  tube.  A  qnantitf  of  th 
oxide  ii  bMted  to  tednew  in  a  coversd  earthsn  crucible,  and  left  to  cool  till  it  «i 
no  loneer  bun  a  cloth  ia  which  the  crodble  ia  held.  It  ii  then  mixed  in  a  hot  morlj 
with  the  nibatance  to  be  analysed,  and  the  mixture  it  arranged  in  the  tube  betve; 
two  colnmiis  of  pore  oxide  of  copper,  exactly  as  desiribed  for  chiomute  of  lead,  xk 
whole  operation  being  coadncled  a*  quicUy  aa  poairible.  Some  sabetaaces,  hoveve 
will  not  bear  mixing  with  hot  oxide  of  copper;  and  eren  when  this  Fan  be  done,  tb 
Diide  i»  aure  to  cool  daring  the  inTn'tig  maciently  to  cause  an  abeorption  of  moiirtni 
from  the  air :  hence  an  excen  of  hydiogeu  in  the  reeolt  of  the  HcalysiB.  To  obviaJ 
this  souice  of  error,  it  is  sometimes  recommended  to  Uy  the  tab^  aller  fllliog,  in 
trough  of  hot  sand,  and  connect  it  with  an  air-pump,  then  introduce  air  dried  by  pan 
ing  orer  chloride  of  calcium,  exhaust  asain,  and  so  on.  This,  howerer,  is  a  tnmhli 
some  complication  of  the  prooeaa.    A  simpler  method  of  prmmtjng  the  ■bsraptioD  < 


water,  is  to  pour  the  oxid*  of  copps,  irtiile  still  hot,  into  a  long-necked  flask  (Jig.  23' 
closed  by  ft  peifotMed  cork  in  which  a  ehloiide-of-ealeinm  tube  is  inserted,  leai 
it  to  cool,  tod  mix  it  with  the  organic  snbatanee  in  the  eombustioQ'tnbe  itaet 
Tb»  neck  of  the  flask  must  be  a  Uttle  wider  than  the  combostin-tiibe,  >o  thi 
the  latter  will  juat  p«a  into  it  (fy.  U) :  the  oxide  may  then  be  ttana^rred  to  tb 
tube  without  coming  in  contact  with  the  air.  A  small  qaantitr  of  the  cooled  aiid 
is  flist  introduced  in  this  manner,  then  a  portion  of  the  organic  substance  is  adds: 
and  upon  this  a  column  of  oxide  aboat  three  inches  long  is  poured  in  the  sam 
manner  as  before.  This  portion  of  oxide  is  mixed  with  t£e  organic  subatanoe  b 
■tiiring  it  with  a  clean  iron  pod  Ify.  2fiV  the  extremity  of  whidi  is  bent  into  t» 
loms  ot  a  screw ;  and  when  it  is  thoroughlT  incorporated,  the  rest  of  the  mbatance  i 
introdacod,  then  another  eolnmn  of  oxide  of  the  same  length  as  before,  and  the  stinin, 
is  repeated.  lastly,  the  rest  of  the  tube  is  filled  with  pore  oxide,  and  the  eombtutiu 
performed  as  aboTe.  This  method  of  ineoiporation  doea  not  ensure  ao  complete  a  mii 
ture  of  the  snbatanee  with  the  oxide  as  trituration  in  a  mattw;  bat  it  answers  thi 
pnrpoee  sufficiently  well  ic  most  cases. 

Oxide  of  copper  is  in  many  respects  more  conrenient  for  nse  than  ehromate  of  lead 
and  indeed  is  more  generally  used  for  the  eombnetion  of  anbltances  which  bnm  will 
bcihty.  It  is  more  easily  j^pared,  and  when  partially  I'cduced  by  the  eombnstioi 
pfoccss,  may  be  restored  to  it*  oiiginul  state  by  moislciiing  it  with  nitric  acid,  am 
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9vaU«.  It  thai  bectunM  deniei  and  las  hjgiMiMfie, 
•d  fbr  iiM :  in  bet,  it  impniTea  in  tliii  mnet  yj  ucb 
Chlotiul«  of  lead  msT  aba  be  raoxidiBed  br  digcatioa 
at  Anion ;  bat  tits  piUTeiiBation  of  the  ftued  bum  ii  a 

ira  many  nnra  in  >irliieh  tha  naa  of  chromata  of  lead 
ia.  in  the  combnatioa  of  nliataneM  which  are  veij  rich 

nch  aa  fatty  bodiee,  coal,  siaphite,  indi^  be,  Sneh 
med  by  oxide  of  copper,  probably  becaose,  at  the  begin- 
nT<  off  oomboatible  gaaen  wfaidi  partially  radoce  the 
(  each  particle,  and  Imt*  behind  •  qaanti^  of  eharcoal 

oiid«,  and  requiring  an  atmo«pbera  of  m«  o^gen  to 
ad  fdiea  vhen  the  heat  beoomea  atoong;  thai  b««M)ung 


hw  increaaed  by  mixing  it  irilh  about  ^  of  ita  weight 

lataa,  &e.)  nt  potaannm,  aodinm,  barium,  itrontinm,  or 
ai|iper,  auo  exhibit  a  toiuiderable  defldeney  of  carbon, 
i(  in  the  form  of  a  carbonate.  Thii  iotirce  M  error  may 
oxide  of  copper  a  qnanti^  of  phoephate  of  copper  or 
a  decompoae  the  carbonate ;  or,  better,  by  ""^"g  tha 
ead. 

'■opptr  in  a  *tHam  of  Oingm.  —  The  oxygen  may  either 
joiaaainm  placed  in  the  combnetioii-tabe,  or  in  a  veeerl 
be  previonaly  prepared  and  n^plied  from  a  gaa-holder 

ling  ia  to  pLwe  at  tlie  cloeed  end  oF  the  combnition-tnba 
1  pt.  of  dilorate  of  potaeaium  (or  better  of  perchlorale) 
■eviouafy  heated  orer  a  lamp  and  introduced  while  hot ; 
ide  of  copper,  then  the  mixttin',  and  a  colnmn  of  pore 
ion  ia  tamed  on  in  the  ontinajT  manner,  until  the  tube 
dde  nearthe  sealed  cud-  Heat  is  theneautionHly  applied 
chloiate.  eo  aa  b>  erolve  oxygen  at  a  moderate  rate. 
etely  bnmed,  and  if  the  anpply  of  oxygen  ia  mfflcient^ 
ed.  After  the  gaa  hafl  peesea  throogh  the  potaeh-salii' 
;  being  perceptiblT  abeoibed,  the  bulb*  and  the  chloride- 
.ed.  without  breakmg  off  the  point  of  the  combuition-tabe, 
to  diaplaee  the  free  oxygen,  which  would  otherwiae  in- 

n  paMiDg  throurii  the  potaah^olntion  ia  mre  to  carry 

poor  of  water.    To  preveut  thie,  a  small  tnbe  containing 

d  be  attached  to  the  bulb  apparatna.    The  apparatna 

igha  between  SO  and  flO  grammee. 

abore  deembed,  t^ere  la,  however,  eonriderable  danger 

ling  too  rapid,  and  therel;^  carrying  off  the  Tsponr  beta 

e  Bolid  potaah. 

npplj  the  oxygen  from  »  gaa-holder.    The  combnatian' 


1  the  end  a,  ftartheet  ftwn  the  poUih-bnIba  aod  cbloride- 
rith  two  gae-holdera  \fig.  IS),  one  filled  with  atmoapherio 
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■ir,  and  the  otbet  with  o^rgm  gu.    The  e 
T-tube  piorided  vith  ■  cock,  which  renden  it  tmij  u 

the  eombustioD-tabe  and  ihat  oS  the  othv  B.t  the  lame  ume.  lav  ur  uui  bxjbbi 
cefiire  enteriiig  the  eombnition-tabe,  axe  mads  to  pan  tbrongh  tro  U-tubca,  one  coo- 
taining  pmnice-Btooe  soaked  [n  Bnlphoric  add,  to  dn  the  gaa,  the  other  lompa  of  cuutie 
'  '.o  &ee  it  from  eatbonie  acid.  The  combnition-tnbe  m^  be  heatod  dthcr 
with  gaa  or  with  charcoal  (the  ^^ve  tvpeeenta  k 
Babo'i  gu  appantni),  and  Ihanuxtore  may  iediipOMd 
in  the  tube  m  the  onlinaiy  wa;.  Bnt  inattad  of  nix- 
ing the  mbstance  with  the  oxide  of  copfMff,  it  ia  better 
in  manj  eaaee  Ut  place  it  bj  itaelf  in  a  email  boat  of 
platinnin  or  porcelain  ft  (fig,  87). 
The  combaition-tnbe  ii  flnt  filled  to  two-thirdi  of  it*  length  witli  oxide  of  copper, 
which  need  not  be  {o^riooal;  ignited,  the  remaining  third,  neenet  to  thr  gaa-holder 
being  left  free  to  receit^  the  boat  It  is  then  kid  in  the  fomsce,  and  wniieetad,  in 
the  manner  Jnet  described,  with  the  gae-holder  coutaining  atmospheric  air;  the  oxide 
of  copper  is  heated  tA  redneaa ;  and  a  stream  of  dry  air  is  passed  throngh  the  tsbe  lo 
as  to  remove  ctct;  trace  of  moisture.  The  tube  is  then  left  to  cool;  the  boat  con- 
taining the  aubetonce  is  pot  into  ita  place,  a  plug  of  recent];  iguited  aibeatoe  haring 
been  prcTionsly  introdaced  to  prevent  the  oxide  of  copper  from  coming  in  contact  with 
itithe  chlorii^of-culcium  ttilj«(U-ehHped.  seep.  2!3)aDdpotash-bnltaareattaehedia 
the  usual  manner,  and  the  apparatui  is  canuectcdvith  the  gas-holder  containing  oxygnL 
The  oxide  of  copper  ii  now  ooce  mora  heated  to  redness,  and  as  sooDas  it  is  thorongbl; 
ignited,  heat  ia  very  cantionalj  applied  to  the  part  of  the  tobe  containing  the  boat,  • 
alow  stream  of  oxygen  being  passed  through  the  appantoe,  aafflcieat  to  prerent  mj 
l)aekward  passage  of  the  erolVed  gasee,  but  not  to  cause  aoj  free  oxraen  to  pass  through 
the  eolution  of  potash.  If  the  oxide  of  couier  exhibits  a  red  colour,  ariaing  froin 
rednctiOD,  the  heating  of  the  subetaoce  in  the  boat  must  be  discontioued  till  the  coraier 
is  reoiidised.  TThcQ  at  length  there  is  nothing  left  of  the  subetance  but  black  char- 
coal, the  heat  ma;  be  increased  and  the  stream  of  oirgen  accelerated.  In  this  manner 
the  combustion  is  soon  completed ;  and  when  the  bubbles  of  gaa  appear  to  pass  tliroufA 
the  potash  without  aheorptior],  the  proceaa  ia  continued  in  the  aome  manner  for  ■ 
few  minutea  longer,  and  the  potssh-bnlbs  and  chloride-of-calcioni  tuba  are  then  de- 
tached,  after  air  zias  been  passed  through  the  apparstue  for  a  little  while  to  expel  tha 
o^gen.  Lastly,  the  stream  of  air  is  continued  for  a  sufflciant  time  to  effect  the  com- 
plete reoxidation  of  the  copper,  which  is  then  ready  for  another  experiment  without 
further  preparation. 

After  the  tube  haa  cooled,  the  boat  ia  taken  out  and  reweighsd.  If  an*  inotniue 
matter  remains  in  it,  the  quantitjr  of  this  is  at  once  ascertained  if  the  wn^t  of  tha 
boat  itself  is  prerioiiBly  known. 

This  method,  when  carefoUy  conducted,  sives  very  exact  reanlta :  it  eDsaw  the 
complete  combustion  of  the  carbon,  and  obnatea  all  danger  of  an  ezccat  of  hTdraeen 
•rising  &imi  moisture  in  the  oxide  of  copper.  It  likewiae  sares  the  troable  of  ignitiiy 
the  oxide  of  coj^ier  b^bre  the  experiment,  and  aiterwards  treating  it  with  nitne  ad^ 
But  to  ensure  a  good  result,  especial  care  must  be  taken  not  to  heat  the  substance  ia 
the  boat  tAo  suddenly ;  otherwise  combustible  gases  will  b«  given  off  more  qnicklj 
than  thciy  can  be  bnmt,  and  the  analysis  will  be  worthless. 

Oambmtion  of  Liquidi. — Tolstile  liquids  are  enclosed  in  smaD  glasa  bulbs  witk 

naiTow  jLtAa  (Jg.  28).    The  bolb  ia  itrst  weighed  and  then  filled  with  the  liquid,  in 

the  same  manner  as  a  thermometer  tube,  vii.  by  gently  warming  th* 

Fig.  S8.    bnlb  so  as  to  rare^  the  air,  and  dipping  the  neck  uito  the  liquid,  so  that 

,   as  the  air  cools,  a  small  quantitj  of  the  liquid  may  be  Ibrced  up  by  ex- 

'    temal  preHsare.     The  bulb  is  then  again  heated  till  the  hqnid  boils,  the 

end  of  the  neck  immediately  plungM  sgnin  into  the  liquid,  and  the  heat 

removed.    The  vapour  now  condeneea  sjid  leaves  a  vacnnm,  into  which 

the  liquid  is  forced  up  eo  aa  to  fill  the  bulb  and  the  gnwt«T  part  of  the 

neck.    The  neck  ia  tlien  seated,  and  the  bulb  re-weighed.    It  is  beet  to 

use  two  bulbs,  each  containing  about  400  miUigrammee  of  liquid. 

The  analysis  is  made  with  oxide  of  copper :  the  coarse-grained  varipty 
obtained  by  oxidising  copper  tQroin^  in  a  muffle,  or  by  breaking  oxide 
which  has  been  hardened  oj  strong  ignition  into  small  lumps,  and  sifting 
off  the  finer  particles,  is  best  ad^ted  for  the  purpose,  becauee  it  affords 
&ee  space  for  the  passsge  of  the  vaponn,  whereas  the  fine-gtained 
oxide  lies  more  compactly,  and  the  greater  part  of  tJie  vapaiir  panes 
over  the  anilacs  inatead  of  finding  its  way  lii'lvreen  the  paitidea.  For 
le  reason,  chromate  of  lead,  which  fuses  into  a  mass,  ia  not  so  will  adapted  te 
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a.  The  oxide  of  copper  miut  be  ignited  in  ■  craeibl« 
»Aed  fluk  (p.  S34). 

be  at  leut  30  inchee  long,  Tery  volatile  liquid* 
,    About  an  inch  of  the  cold  oiida  ii  Brat  poured  in 

one  of  the  bolba  ia  then  taken  bj  the  neck,  a  alight 
nade  on  it  with  a  file ;  it  ia  thnut  into  the  tube,  bnlb 
at  the  acratch,  and  both  bnlb  and  neck  dnpt  into  the 

oxide  ii  theo  added,  the  other  bulb  introdneed  in  the 
1  ap  «ith  oxide  of  copper.  This  oxide  is  Hnt  heated 
iroceed  mj  gradually,  and  when  tbe  charcoal  furnace 
a  Kreeo.  Aa  iood  aa  the  oxide  ii  well  ignited,  a  hot 
'eet  bnlb,  io  ii  to  Tolatiliae  a  portioii  of  the  liquid, 
drire  it  oTer  too  HtL  Wben  the  fint  bnlb  ia  empty, 
the  liquid  in  ^he  aecond  bulb  ia  then  diatilled  in  the 
ioB  ia  finished  in  the  ordinary  way.  Aa  eooQ  as  the 
ees,  a  few  piece*  of  hot  charcoal  mujt  be  placed  under 
e,  to  pierent  the  liquid  from  condenaing  there,  aa  if 
rOI  be  required  to  dislodge  the  liquid,  and  a  andden 


0  take  place,  and  then  a  utreain  of  air  or  oxygen  ia 
^lianu,  howerer,  uaee  only  one  bulb,  and  dnrea  all 
ement  of  the  analyaia,  into  a  column  of  cold  oxide  of 


a,  like  aldehyde,  a  diflarent  plan  is  adopted.     Snch 
baving  the  form  of  a  imall  retort,  the  ned:  of  which, 
into    the 
ilion-tube,  Kj-  ^^■ 

len  for  the  ^ 

tube. 

^ted,  the 
ten  off  by 
ition-tnbet 

of  tepid  water  to  the  bnlb.  If  the  liquid  is  so  Tolatila 
the  toom,  the  bolb  mnit  be  immened  in  ice,  and  the 
ng  the  ice  from  time  to  time,  and  replacing  it  as  loon 

abort  teat-tnbe,  which  is  then  dropped  into  the  com- 
of  oxide  of  copper  having  been  fint  introduced,  ^end 
made  to  ipread  itaelf  over  the  aides  for  about  half  the 
I  filled  up  with  oxide  of  copper  or  chtomate  of  lead, 
ed  in  the  aame  manner.  Wa:^  bodies  are  weighed  ia 
the  eomhastioQ-tabfl,  and  aprcod  over  its  eiLrface  by 
m^y  also  be  placed  in  boats  in  the  manner  already 
'         'of  lead,  or  with  oxide  of  copper  in  ■  atream 


inition^ri>e4it  in parlicutar  Cant: 

>y™. — When  an  aiotieed  OTijanic  body  ia  burnt,  the 
I  given  off  in  the  &ee  itate,  t<^thcr  with  the  waUr 
tin  portion,  varring  according  to  the  nature  of  the 
ich  the  combustion  takes  place,  is  converted  into  nitrie 
ea  of  nitrogen.  Kow,  if  either  of  tbeee  componnda  is 
:  aoalysis,  it  will  pass  ovsr  with  the  carbonic  acid,  and 
lehea  the  potash-ley,  it  will  be  absorbed  bj  that  liquid 
BStimation  of  the  carbon.  Before,  tJierefore,  an  organic 
eomboetion  proceaa,  it  must  be  carefully  examined  fbf 
described  (p.  226),  and  if  that  element  is  found  to  be 
«  made  in  such  a  manner  ta  to  ensure  that  the  whole 
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For  Una  paipcme  a  long  comboitioQ-tnbe  ii  taken,  and  after  the  miztwc  and  tl 
{MM  oxid«  (U  copper  have  been  mtiodafed  in  the  otdiaaiy  waj,  about  flve  iiidua 
eoppar-timuiiga,  prepared  u  deKribed  at  p.  227,  ub  placed  at  the  open  extnmil 
Thu  nuftallic  copper  most  bo  heated  in  a  rand  or  Bii^batb  jiut  before  it  u  'rauti 
and  intzodneed  into  the  tube  vbile  still  hot,  ae  its  Burface  is  Teiy  hygmaipi 
The  combiutLon  is  made  in  the  ordinal;  way.  the  metallio  copper  being  howerer  fir 
faaated  to  redans,  and  kept  in  a  state  of  strong  ionitioo  daring  the  whole  pnxa 
The  nitrogen  is  then  erolTed  in  the  free  state,  ana  passes  through  the  pot«an-le; 
bubbles. 

The  combustion  must  be  made  with  oxide  of  copper  alone :  if  ehromate  of  lesd 
used,  or  a  coatiauoiu  stream  of  aijgen  psssed  through  the  tube,  the  qnantitj  of  niti 
oxide  formed  is  too  Isrge  to  be  efiectuallT  decomposed,  even  by  a  very  long  column 
red-hot  copper.  Oxygen  may,  howerer,  be  passed  through  the  tube  at  the  end  of  IJ 
combustion,  being  CTolTed  for  that  purpose  from  chlorate  of  potaasiam  (p.  £3$).  Tl 
more  slowly  the  oambuation  is  conducted,  tlie  smaller  will  be  the  quantity  of  niti 
oxide  formed. 

A  In  bodiet  containing  Sulfur. — Whon  organic  bodies  ooDtaining  solphor  a 
bomed  with  oxide  of  copper,  the  sulphur  is  conrerted  into  sulphurons  acid,  which, 
not  intercepted,  will  pass  into  the  potaah'Solntion  ti»ethet  with  4be  csfbonic  Mi 
This  may  ba  prerented,  t^  interposiog  between  the  ^aride'Df-calciDm  and  [Kttasl 
apparatus,  a  tube  cantainuiE  peroxide  of  lead :  the  sulphur  will  them  be  retained  . 
the  form  of  sulphate  of  lead.  It  is  better  hawerer  to  make  the  eombnation  wit 
chromate  of  lead,  placing  in  the  front  part  of  the  tube  a  rather  long  columi  of  pu 
ehromate,  wHchisheatAdonlyto  dullredness:  the  sulphur  will  then  bo  retained  in  tl 
combostion-tnbe. 

7.  Jn  bodia  attaining  Chlorine. — ^IHien  chlorinated  oiganic  compoiuids  are  bun 
wiUl  oxide  of  eopppT,  chloride  of  copper  is  formed,  which  being  TolatUe.  paaKS  oi^ 
into  Uie  chloride  of  calcium  tube,  ud  readen  the  determination  of  the  hydiogi 
inexact.  This  source  of  error  may  be  completely  avoided  by  buruins  with  chroma 
of  lead,  the  cUorine  then  ftirming  chJoride  ot  lead,  which  is  not  TolatHe  even  at  a  n 
heat 

similarly  with  bodies  containing  bromine  and  iodiTie. 

S.  In  bodie*  eontaitan^  Inorganic  Hattrr, — If  an  organic  body,  when  burnt  \a  tl 
air,  leaves  a  residne  which  gives  off  carbonic  add  on  being  trailed  with  acids,  i 
analysis  by  combustion  with  oxide  of  copper  will  not  give  exact  results,  becMM  a  pa 
of  the  carbonic  acid  will  be  retained  in  the  ash,  iuitead  of  passing  into  the  potash-bub 
This  is  particularly  the  case  with  the  organic  aslta  of  potassiom,  sodiiun,  bariui 
Itroatinm,  and  calcium.  If  the  residue  were  in  all  cases  a  neutral  carbonate,  i 
i]nsntity  might  be  detennined  and  the  amount  of  carbonic  adii  contained  in  it  addi 
to  that  which  is  abwirbed  in  the  potash  uparatus.  But  this  is  not  the  case.  It 
composition  of  the  residue  being  variable,  and  dependinaon  a  variety  of  circumstance 

la  such  casea,  the  complete  evolution  (^carbonic  add  may  be  ensured  in  two  wayi 
either  by  bnming  with  oxide  of  copper,  and  nuxic^  the  organic  sabslanees  with  igniti 
phosphate  of  oopper,  boric  ■nhydnde.or  oxide  of  antimony ;  or  better,  by  burning  wit 
chmmate  of  lead,  the  alkaline  carbonate  being  then  completely  deeompoaed  by  tl 
chromic  acid. — When  these  organic  salts  are  burnt  in  a  platinum  boat,  in  a  Bti«am  < 
oxygen  (p.  231).  the  reaidue  may  be  we%hed,  the  quantity  of  carbonie  add  in 
determined  in  the  ordinary  way,  and  added  to  that  absorbed  by  the  potash. 

AmouKt  of  £rror  in  tin  Ettination  of  Carbon  and  Hydrogen. — By  IS 
meUiods  above  described,  the  carbon  may  be  determined  within  0*2  per  cent.  Tl 
error  is  generally  in  defect,  in  eonseqaence  of  imperfect  combustion ;  sometimes,  hoi 
ever,  it  is  in  excess.  eBpedally  in  azotised  bodies. 

The  hydrogen  may  be  determined  yet  more  nearly.  Tic  within  O'l  per  cent  Tl 
error  is  usually  in  excess,  arising  &om  sbaorptiou  of  water  &om  the  air  during  tl: 
mixing  of  the  substance  with  oxide  of  copper.  But  if  this  be  avoided,  by  p— t-ing  ti 
mixture  in  the  tube  itself,  or  if  the  combustion  be  made  with  chiomate  of  lead,  onl 
a  Teij  slight  exoesa  of  hydrogsa  need  be  apprehended.  When  the  subatanca  is  ban 
in  the  [datinDm  boat  (p.  231),  the  hydr^n  sometimes  come*  ont  a  littU  below  th 
theoKtical  quantity. 

ESTIIUTIQK    OT    OXTOIK. 


gan,  and  oxygen,  this  method  is  suiSdently  accurate:  fbr,  the  eirrorof  the  carbon  bein 
geaerally  in  defect,  and  that  of  ths  hy<bogen  in  excess,  the  two  nesrly  comp^nssi 
each  other;  hot  when  chlorine,  sulphur,  and  other  elements  are  present,  the  erroi 
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detonniiution  bu  been  girea  bj  BBnmbkiiaT  (Ann. 
ied  in  one  or  two  cum.  A  conibn*tion-tDbe  open  at 
diniuj  wiy  ibr  the  dslonnuutioD  of  eai1>on  utd  bjiio- 
pparehu  *n  placed  in  cooneetioD  with  gnulnsted  gUa* 
remity  of  the  eomboition-tDbe  being  (lUed  with  o^gen. 


finished,  >  itreiun  of  oijgen  nuj  be  passed  thrangh 

lured  co^er.    The  sppantos  ii  then  left  to  cool,  Iha 
is  rend  oi^  snd  wmpamd  with  the  qosntitj  before  the 


_  lefore  the 
psid  to  tyimetioa*  for  tenperatoie  and  piesaure.  The 
if  oiygPD  taken  up  by  the  ledneed  copper.  Nov,  the 
id  wal«r  piodnced  l:^  the  comlnution  havins  been 
t««  m  dUt  earborUB  add  and  walat.  diminuJied  by  tlu 
ii»affeartd,  giva  tlu  qtianlity  of  orygen  conlainal  in 
f  tlw  ailiODnt  of  oijgien  in  tiie  carbonic  add  and  vater 
D^gan  absorbed  b;  the  copper  vera  7,  the  amount  of 
nee  would  be  3. 

>«■  {of  oxalic  aeid  and  oxalate  of  lod),  in  which  the 
I  metiiod  with  great  exactncea.  Aa,  however,  the  total 
(the  eonibtution-tnbe,  polaah-bnlba,  &c.)  is  not  known, 
ms  b<Ain  and  after  the  experiment,  the  correctionii  for 
not  be  made  with  accnran.  For  exact  raolta,  it  is 
US  at  tine  beginning  and  end  of  the 


organie  eomponnd  is  detennioed,  eithtr  b^  bmnins 
iper  and  metallic  copper  in  the  manner  already  describe^ 
r  nittogen  erolred, — or  bj  igniting  tbe  oomponnd  with 


erohed  in  the  form  of  smmonia,  absorbing  the 
and  precipitating  by  dichloride  of  platinnm. 
d  in  the  &ee  state,  it  may  be  tetimated  in  two  waya,  lii. 
parison  with  the  qoanti^  of  carbon  in  the  compoand, 
ululelji.  But  is,  1:7  direct  measniement  of  tlie  whole 

d.—A.  miitore  of  the  snbstance  (which  need  not  be 
rtion  of  oxide  of  comer,  it  iatrodnced  into  a  combustion- 
half  filled  by  it,  the  remainder  of  the  tube  being  filled 


r,  half  with  copper  tnmin^g^  To  the  month  of  the 
a-deliTiiy  tube,  which  passes  into  a  tTDOgh  of  mercniy 

lertion  of  a  tube  of  caontehone. 

len  the  mixture  and  the  pnre  oxide  of  copper,  the  oxide 
Int  raised  to  a  itrong  red  heat ;  a  ucond  screen  is  then 
tube,  abont  an  inch  nmn  the  anted  end,  and  the  portion 
lited,  BO  that  the  ptodnets  of  the  combustion  may  diira 
I  tube.  The  comf)ujtion  of  the  rest  of  the  mixture  is 
iry  wa^,  tbe  heat  being  gradually  extended  towards  the 
the  mixture  of  carbonic  add  and  nitrogen  erolred  is 
dnated  jars,  half  an  inch  in  diameter,  and  twelre  or 
jaifl  must  be  accurately  dirided  into  equal  parts  of  the 
olute  Talue  of  the  divisioas  may  be  any  whateTer. 


Fig.  31. 
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•ir.  The  ol^ect  of  thii  ii  to  Bacatein  vlietlier  the  gu  i>  free  Iro 
Ditru  oxiofl ;  u  oolj  ^^  pt.  of  tiut  gu  u  pvaent,  reddiih  ftimea  <tf  percoidc 
nitnweD  will  be  produced,  ud  if  sot  seen  immediately,  will  become  tistble  on  loo 
ingilong  thesxuof  the  tahe.  If  any  red  or  yellow  colour  ia  wrceptiblr^  aaoQiiay 
ntnet  be  examined  in  the  eame  manner,  and  w  on  till  peifectlj  eolosriesi  gsi 
obtained.  When  aboot  *ii  pan  haTe  been  filled  with  the  gsMoai  miltntc,  the  proee 
may  be  itonied,  nothing  being  gained  bj  carrying  it  to  tlia  end. 
The  jan  flUad  with  gaa  are  now  to  be  tran^erred  one  by  one  to  a  tall  jtz  {fig.  SI 
containing  mercniy,  and  the  proportion  of  carbome  acid  ana  nitr 
gen  in  each  of  tbem  determined,  by  flnt  bringuig  the  tueKmy 
the  aame  level  inaide  and  oat,  and  reading  rS'  uie  voinine  of  II 
SaaeouB  miitara,  then  abeoibing  the  carbonic  acid  by  a  tlrat 
a  of  canitic  potaab.  intcodnced  by  mi>BQa  of  the  mm 
pipette  1,  and  reading  off  the  volume  of  nitrogen  left.  If  tJ 
CombniitJon  haa  been  properly  condnd«d,  the  proportion  of  ca 
I   bonic  acid  and  nitrogen  shonld  be  the  eame  in  all  thejara. 

Now,  a  molecule  of  anhydronaearboDU!  acid  CO*,  containing  1  ato 
of  carbon  [  — 12],  oocnpiai  the  same  Tolnme  aa  a  molecule  (or  doob 
atom)  of  mtn^n,  NN  [2  .  14  -  SB].  If  thertfbre,  the  Tohunes 
carbonic  add  and  nitrogen  in  the  gaaeona  mixtnre  arc  to  ci 
r  snotheF  as  ni  :  1.  it  followa  that  the  nnmber  of  carbon-atoma 
to  the  nnmber  of  Ditrogen-atonii  as  m  :  2,  and  cenacqnenUj  tl 
weight  of  the  carbon  in  the  compound  ii  to  that  of  the  nitrogati 
«•  X  12  :  2  K  U,  or  as  3  m  :  7 ;  ao  that,  if  the  perceatagf 
carbon  (c)  baprenonily  fonod,  the  percentage  of  nitrogm  (n)  will  I 
giren  by  the  equation :  _ 

Far  example.  catTeine,  which  contains  49'4B  per  cent,  of  carbon, 
found  by  the  proceai  joat  described  to  yield  carbonic  acid  ai 
nitrogen  in  the  proportion  by  volnme  of  4  : 1 ;  the  pemstage 
liatherefora  j-^  .  iS'lS  -  28-86. 


Bunaen  D 


^.32. 


This  compantiTe  method  of  estimation  yields  perfectly  aatjsfactoiy  remits  for  ■ 
compounds  in  which  the  proportion  of  nitrogen  to  carbon  is  not  less  than  1  :  8,  t^ 
Tided  the  combuatioD  ia  conducted  in  such  a  manner  as  to  avoid  the  evoIntioD  of  niti 
oxide.  The  risk  of  error  &om  this  source  is  les^  tht  more  intimatdy  lit  organic  n 
itanct  it  mixed  vritk  the  oxide  of  copper,  and  tht  mart  tlotnly  lie  combuttioit  it  pt 
formed.    This  role  appliee  to  all  oambugtions  of  aiotised  bodies. 

Liebi^s  comparative  method   has  been   variously  modified  by  diflfarent  chemial 

en  naa   contiived  a  form  of  apparatni  by  which   it  may  be  carried    ont  wil 

even  when  the  proportion  of  nitrogen  is  very  tmiH,  and  with  not  moi 

w  centigrammes  of  substance.    Thia  method  consists  in  bnming  the  ani 

stance  with  oxide  of  copper  and  metallic  copper  in  a  aealed  tabe  Gill 

with  hydrogen,  and  analysing  the  resulting  nuitnre  of  carbonic  acid  ai 

'   nltiDgen  in  a  carefitlh  gradnated  eudiometer. 

A  tabe  of  thick  Bohemian  glass,  about  tS  iuchea  long,  and  }  of  i 

I  inch  internal  diameter,  is  drawn  ont  ai  one  end  in  the  form  of  a  con 

is  shown  at  a  {fig.  32),  and  the  part  a  is  then  heated  in  the  falowpi; 

lame  till  it  is  contracted  and  the  glass  very  much  thickened.    A  ml: 

I  tore  of  S  to  G  centigrammes  of  the  organic  snbatance,  with  S  grm«.  < 

I  oxide  of  oopper,  ia  now  introduced  into  the   lube,  together  with  a  fe 

I  copper  tuminga,  and  the  otiier  end  of  the  tube  is  drawn  out  and  thickent 

'     same  manner  as  the  first.    The  tube  is  then  connected  at  one  ei 

1  hydrogen-spparatos,  fig.  33  (a  being  the  generating  veaael,  ai 

ceiver  containing  sulphuric  add  to  dry  the  gui),  and  at  the  olhi 

m  exhausting  fringe.    The  hjdrogo^  after  passing  through  tl 

tube,  tacxgat  by  the  cock  p. 

As  soon  ta  all  the  air  la  expelled,  the  cock  p  is  closed,  the  code  of  tl 
'  generating  vessel  loosened,  the  caonlchonc  tabe  a  ti^tly  tied,  the  tut 
partdall;  exhausted  b;  a  atmke  of  the  pump,  and  the  cock  s  immediataly  dosed.  Ti 
tube  ia  now  sealed  at  rfandi  with  the  blowpipe  flame,  the  sealing  beingDWeh&cilitatt 
by  the  partJal  exhaustion.  The  next  step  of  the  proceai  is  to  heat  the  tnbe  to  rtdnsa 
having  first  endosed  it  in  a  mould  of  gypsum,  to  prevent  it  from  being  blown  ont  t: 
the  expansion  of  the  encloaed  gases.  For  tliia  purpose,  the  two  hatres  of  a  cylii 
drii-ul  mould  of  iron  plate,  shown  in  ;!;,  34,  are  filled  with   ^psum  paste  mixt 
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■•  aoOB  u  ilie  plMter  begini  to  Mt,  Uie  tube  is  liid 
the  other  hull  pot  on.  and  the  two  EnnI;  wedged 
then  heated  to  low  ledneai  for  *a  hour,  the  tabe  tdim 
«f  the  Mtled  enda  broken  off  andm  a  gnduated  jar  foU 


ra  of  earbotue  add  and  oitrogen  in  the  tnbe  may  pan  ap 
gueooa  miltora  ii  moiatened  b?  paanog  up  s  diop  m 
ired,  with  due  regaid  to  eoneclioiu  for  pieware  aad 
^eed  &om  carbonic  acid  by  thrusting  op  into  it  a  ball  at 


of  an  iron  wir«  (eee  Ai[u,t<iis  of  Oasu),  the  boll  beina 
in  it.  This  ball  ii  then  withdrawn,  and  another  ball  3 
g  pnrpoce  of  diyiog  the  gaa,  after  which  the  r«aidaal 
oportion  of  carbon  and  nitrogen  is  then  calculated  in  the 

big'i  method  hare  been  introdaped  by  Or.  Haxwell 
.  ii  290),  by  Marehand  (J.  pr,  Chem.  il  177)  and 
IL  IxxxriiL  241). 

ganic  componnd  is  burnt  with  oxide  of  copper,  as  before, 
ionic  acid  and  nitrogen  collecled.  In  the  form  originnlly 
>ig,  the  carbonic  acid  and  nitrogen  were  collected  in  a 
knd  BtBuding  orer  mercury,  the  gaa-deliTery  tube  being 
the  mercury  into  the  air  in  the  Jar.    The  Wome  at  ail 
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was  carefully  noted  before  the  experiment,  also  the  yolnme  of  air  and  ga0  vhen  the 
ooiiibastion  was  finished  and  the  apparatus  had  been  left  to  cool,  the  observed  Tolnmea 
l)eii]g  iu  each  case  reduced  to  the  standard  pressure  and  temperature ;  the  increase 
gHve  the  Tolume  of  carbonic  acid  and  nitrogen  produced  by  the  combustion.  The 
volume  of  carbonic  acid  was  then  calculated  from  a  previous  determination  of  the 
carbon,  and  this,  deduct^  from  the  volume  of  the  mixeil  gascs.  gave  the  quantit}'  of 
nitrogen  by  volume,  from  which  the  weight  was  calculated.  For  example,  0*1  grm. 
cafieine  burnt  in  this  manner  yields  114*06  cub.  cent,  of  gas  at  0^  C.  and  28"  bar. 
The  same  quantity  burnt  in  the  ordinary  way  yields  0*181  gnn.  carbonic  acid,  cor- 
respon^iing  to  9  TOO  cub.  cent,  at  0^  C.  and  28  inches  of  the  barometer :  consequently  01 
grm.  cutieine  yields  114*06  — 91*09  =  22*85  cub.  cent  nitrogen  gas  »  28*86  per  cent  by 
weight. 

The  process  in  this  form  is  liable  to  numerous  sources  of  error.  In  the  first  place, 
the  necessary  limits  to  the  the  size  of  gas  jars  standing  over  mercury,  restricts  the 
quantity  of  substance  burnt  to  I  or  2  decigrammes ;  and  with  this  smail  qnantit}*  the 
errors  of  observation  and  manipulation  bear  too  great  a  proportion  to  the  whole  to  give 
even  a  good  approximation  to  the  truth,  unless  the  proportion  of  nitrogen  is  rather 
large.  Voir  considerable  errors  may  arise  from  the  alteration  in  the  dimensions  of 
the  tube,  likely  to  result  from  softening  by  heat  and  from  the  consumption  of  a 
portion  of  the  oxygen  of  the  air  in  the  tube  during  tlie  combustion.  (For  the  detaiU 
of  the  procesSt  see  Handworterbuch  d.  Chemie,  2*»  Aufl.  L  873.) 

To  remove  these  sources  of  error,  the  process  has  been  modified  hj  Dnmis  and 
others,  so  as  to  make  the  result  independent  of  the  volume  of  air  in  the  tpparatns. 
This  is  effected  by  replacing  the  air  by  another  gas,  which  can  afterwards  be  removed 
by  absorption,  and  sometimes  also  by  exhausting  with  the  air-pump. 

In  Dumas's  process,  the  air  is  removed  from  the  combustion-tube,  partly  bj  ez« 
haustion  with  the  air-pump,  and  partly  by  a  stream  of  carbonic  acid  gas  evolved  from 
carbonate  of  copper  placed  at  the  scaled  end  of  the  tube.  The  combustion  is  then 
performed ;  the  carbonic  acid  and  nitrogen  evolved  b^  it  are  collected  in  a  gnidiut4>d 
jar  standing  over  merc^ur)-,  and  containing  also  solution  of  potash,  which  abeorbe  the 
carbonic  acid ;  and,  whon  the  combustion  is  finished,  the  carbonate  of  copper  is  again 
heated,  so  as  to  evolve  carbonic  acid,  and  sweep  all  the  remaining  nitrogen  into  the 
jar.  The  volume  of  nitrogen  is  then  observed,  with  due  regard  to  pressure  and 
tem|X?rature. 

This  process  gives  accurate  results;  but  it  is  troublesome,  and  lequiiee  rather 
compllcutod  apparatus.  A  simpler  form  of  it  is  now  generally  used,  in  which  the 
exhaustion  with  the  air-])ump  is  disp<>nsed  with  by  the  use  of  a  substance  which 
evolves  carbonic  acid  more  abundantly  than  carbonate  of  copper.  This  simplification 
is  due  to  Melsens.     (Ann.  Ch.  Phami.  Ix.  116.) 

At  the  sealed  end  of  a  combustion-tube  30  inches  long,  is  placed  a  layer,  6  incheelon^ 
of  acid  carbonate  of  sodium,  a  b  {fig,  35) ;  then  oxide  of  copper,  be;  then  the  mixture 

of  the  organic  substance  with  oxide 
Fig.  36.  of  copper,  cd;   then  strongly  ig^ 

^  nited  oxide  of  cof)per,  de;  and, 
lastly,  copper  turnings,  «/.  The 
tube  is  enveloped  in  copper  foil  or 
brass  wire  gauze,  and  connected  by 
a  gas  deli  very- tube  with  a  graduated 
ing  orer  mercury  (///.  36),  and  partly  filled  with  strong  solution  of  potai^ 
is  laid  in  the  combustion  furnace,  and  the  acid  carl)onate  of  sodium  gradnally 

heated,  the  other  part  of  the 
Fig.  36.  tuljc  being  protected  l»y  a 

screen.  Carbonic  acid  gaa 
is  then  cvoIvkI,  and  drivee 
the  air  out  of  the  tube.  It 
is  tested  from  time  to  time 
by  collecting  it  in  small 
tubes  filled  witb  memiiTi 
and  passing  caustic  potash 
into  it.  As  soon  as  the 
gas  is  completely  absorbed 
by  the  potash-ley,  showing 
that  all  the  air  is  expelled 
fh)m  the  tube,  the  heat  is  removed  frcmi  the  acid  carbonate  of  sodium  ;  the  graduated 
jar,  filled  partly  with  mercury,  and  partly  with  {otasli-ley.  is  adjuf<te<l  in  ite  place 
over  the  extremity  of  the  delivery-tuln;,  and  the  combustion  is  commenced.  The 
BitiX>geu  and  carUmic  atrid  then  pass  over  together;  the  carbonic  a^'id  ia  absorbed 


jar,  fltandin 
The  tube 
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Dg  the  glafls  pbilA,  th«  mercury  ftJ 

J  imter.     The  rolmne  ot  the  gm  ii  then  resd  olE  snl 

lire  (uid  tempentani,  aUovuice  being  tiko  made  for  l)i« 

From  the  coimted  roltuna  ot  nitrog^D  thm  obtiuDe>t, 


I  of  Kxl*  u  Dwd  in  thia  procem,  it  maBt  be  tei*ed 
prtaii]  whether  it  girea  off  idj  gu  not  Absorbable  bj 
lie  to  subject  aU  tbe  miteriulB  lued  in  the  proceM  to  ■ 
Kanic  suliatimce.  The;  ought  not  to  jisld  monthu  |  b> 
'  potash- Uj. 

importance,  in  all  Bitrogen  eatlmitiooa  id  vhieh  the 
ilume,  to  leet  cBrefuUj  the  acearaey  of  the  weight*  with 
naljaed  ia  weighed  out.  In  other  analjeefl,  the  itbaoLut^j 
BDunportaat,  provided  they  agree  (jnongBt  thcmaelvex ; 
1  ila  snbdiTiiioDi,  with  which  the  aabatiuiw  ia  weiehed 
lard  Talues,  the  weight  of  the  Dilraeen,  determined  bj 

folome,  aeeotding  to  fixed  data,  wul  not  give  the  tnia 
n  the  compound, 
nmu'i  pnweaa   ij   giren   by  Dr.  Haiwelt  Simpaon 

The  mmbnalion  ia  made  with  *  mixture  of  oxide  o( 
e  free  oxygen  eyolred  by  the  Utter  being  Kbsorbed  by 
rpherie  air  expelled  by  ■  stream  of  curboDic  icid,  eTolred 


nitrogen  fan  be  tranaferred,  without  loea^  to  a  enilio- 
!d  orer  nurcury.  The  details  are  aa  follows :— 
\  to  3  feet  long,  ie  sealed  at  one  end,  and  a  miiture  if 
•e  and  2  grni.  mercuric  oiidc  (the  lattiir  being  added  In 
I  of  carbonic  oxide)  is  introduced  into  it.  At  an  inch 
plug  of  BsbesbH,  and  then  the  mixture  of  the  aubslancs 
.)  with  about  i6  time;  its  weight  of  a  mixture  of  t  pi", 
oxide  of  mercury.  To  ensure  that  the  oxide  of  inor- 
□ujit  be  prepared,  not  by  i^ition  of  the  nitrate,  hut  by 
late  with  excess  of  caustic  potash;  the  preeipitato  is 
loric  aeid,  to  remove  free  potash,  then  with  water,  and 

itndoeed,  the  mortar  a  rinsed  out  witli  oxide  of  copper. 

al ;  then  >  plug  of  asbestoa  ii  thmit  in ;  then  3  or  S 

r  added,  thia  ^o  being  kept  in  ila  place  bj  an  aabeitoa 

up  with  metallic  copper,   prepared  by 

nde  (p.  32S)  with  hydrosen.   The  open        fig.  3T- 

awn  out,   and   the  neck  joined  by  ■ 

pta  delirei^-tube,  bent  at  right  anglba 


brongh. 
laid  in 


laid  in  the  fiimace,  and  heat  ia  applied 
ie  of  copper,  aad  at  the  aame  time  to 
be  heated  portions  being  shut  off  by 
■  tube ;  and  aa  soon  aa  the  air  ia  eom- 
«  by  the  stream  of  carbonic  acid,  the 
<nce  with  the  oiidea  ia  heated  in  tha 
^kwarda,  the  tube  being  first  connected  j 
xive  the  nitrogen.  Thia  reasel  haa  tha  / 
ipBcity  of  about  200  cub.  CDUL  :  theex-  | 

part  ahoiild  not  exceed  7  or  8  n: 
oulcbooc,  1}  inch  long,  ia  atipped  oier 
itely  fit,  to  the  extent  of  half  an  inch,  and  securely 
A  glaaa  rod.  half  an  inch  long,  with  the  ends  ground 
Lmeter  as  the  caoutchouc  tube,  ia  thniit  down  the  latter 
A  piece  of  thermometer  tnliiiiB.  also  of  the  aame  dia- 
j^bore,  ia  beul  into  the  form  ihova  iajig.  38,  and  ali>a 
b2 
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■ilk  cord,  »  tint  th»i 

Te^el.  A  >i1k  cord  it,  laRtlj,  tied  round  Che  giurt  of  the  monlchaiiF  tube  vlirre  tl 
*[>lid  rod  lies,  m  u  to  nuke  it  perfect]^  aii^tight.  Bofbre  niiiDg  tbe  ftppanf  ni,  t] 
joinM  miul  be  tested  bj  putuiU;  flllug  it  with  mcfciuy,  plangiDg  the  mou 
Wneath  the  norfiuM  of  the  liqnid,  and  obeerring  if  the  lervl  remamn  ronsCaiit. 

'I'be  appsntiu  ia   eompletelj  filled  with  mermry  and  cBUtic  polaiili  aDlution.  M 

placed  in  the  mercarial  trough  aa  shown  in  Jig,  3ft.     The  gaa  del irerj -tube,  prooe>*dij 

&nm   the   combtutzik 

Fig.  38.  ^^^  ^"8    *'"''   ' 

■etted  into  its  laU'i 
opening,  the  produi 
of  combiution  p*i<e  in 
t  it,  the  carbfrnic  at 
being  ahiorbed  bj  t 
poluh-lej,    while    t 


eombnitioD.  the  oiti 

gen  itill  radfUDing 

the  tube  ia  awef*  o 

,    into  the  reeeiver  by 

erolved  by  heating  t 
portion  of  carboButr 

iDg  nndPCOTD  posed. 

The  next  thing  to  be  done  is  to  tntDifrr  the  nitrogen  to  a  eudiometric  tube.     F 

this  )>urpo5e  ■  bent  tube,  narrawed  towaidi  the  lover  part  of  the  upright  arm  ia  Gt>< 

air  tight  to  the  later^  opening  of  the  receiTcr  by  means  of  a  cork,  care  being  ^k< 

that  no  air  is  introduced  in  fitting  it,  to  ensui^  which  it  ia  best  to  moisten  tne  eo 

with  a  solution  of  corrosiTe  sublimate.     Merrurj  is  now  poured  iQtt>  the  bent  Cul 

and  the  rteeirer  is  lifted  out  of  the  marcurj,  carried  to  a  meicuriul  6«ugh  with  gla 

•idea  (Jig.  39),  and  allowed  to  stand  for  an  hour  or  two,  so  that  the  abamplion  o^  L 

earbonic  add  may  be  em 

Fig.  S9.  plcte.      A    FudiometfT.   pi 

limi'ly  moialMed  with  a  dr 

of  water,  so  that  the  gsa  m 

be  saturated  with  muitfui 

is  then    carefully  filled  wi 

mereurj,  and  inverted  in  t 

trough :   the  end  of  the  g 

deliTerj-tubfl    &om    the    t 

I  eeiyer  ia  brought  under  i 


0  the  beat  tul 

>■  ehowD  in  the  figare.    . 

soon  as  the  potasb-ley  mal 

its  appearance  in  the  gas  i 

livery-tube,  the  addition 

laercury    is    atJippML      T 

volume    of    Dilrogen    whi 

then  remains  in  the  gas  delireiy  tube  is  exactly  equal  to  the  volume  of  the  air  wbi 

vaaiMntained  in  it  at  the  beginuini;  of  the  process,  and  was  driven  into  the  eudiocDet 

tube  by  the  first  portions  of  mercury  added,  so  that  the  ndume  of  gsa  driven  into  t 

eudiometer  is  exactly  that  which  was  contained  in  the  receiver.     Lastly,  the  B»» 

measured,  with  dae  regard  to  pressure  Hnd  temperatnrc,  end  the  weight  calculai< 

Bcordiogly. 

This  process  giTes  very  exact  remilts.  Its  peculiar  advantages  are,  thai  the  ft 
Oxygen  evolved  from  the  oxide  of  mercury  enaurea  complete  combustion,  while  t 
vuponr  of  mercnry  preventa  the  formation  of  any  oxides  of  nitrogen  ;  moreover, 
enables  the  gas  to  be  measured  over  mercury,  which  is  much  more  exact  tbtn  t 
oi-JIniuj  mode  of  measuring  over  water. 


;ntaet  ok  ultimate.  ms 

If'iH  tmd  Varmtrttpp't  Method.  —  TAoti  uotised  otftaDio 
potawiiniii  or  nodium,  give  aS  the  whole  of  their  aitrogeD 
'orboa  oiiitiDK  with  the  oxygen  of  the  ^IkaHne  hjdnte  to 
lydrogen  cornhin™  with  the  nitrogen  to  form  ■mmoniA.  If 
irnt  in  Dot  Huflioleot  to  unite  in  this  manavr  with  lil  the 

ptoItsI  u  gas ;  but  there  ii  no  org&nic  (abatance,  ez- 
:  acid,  in  which  the  qtiantiCy  of  nitrogen  ia  too  great  to  ba 
imonia  by  the  hydn^ea  thai  liberated  front  the  alkaliae 
reTcr,  cyanide  of  potasaiom  of  aodiom  ia  formed  in  th« 
,  if  a  auffideiit  eieen  of  the  alkaline  hydrate  is  present, 
rhea  the  hrat  becomes  rery  atroiig.  and  the  whole  of  the 
lonia.  It  is  on  theaa  tacta  that  Will  and  Vanentiapp'a 
1  a  founded, 
tm  and  Bodimn  are  very  deliqaeacent,  and  act  ationgty  oa 

is  RiuTeDient  to  mil  them  with  quicklime,  which  makea 
diminishes  their  artion  on  the  glass.  The  mixture 
MnlainiDg  1  pt  of  hydrate  of  sodioio,  and  2  pts.  of  qiiii^k 
Dgthe  requisite  quantity  of  quicklime  to  caustic  sodu-luy 
ing  to  dryness  in  an  tion  pot,  ealoiaing  the  residue  in  a 
binu  it  to  Sne  powder  in  a  warm  mortar.  It  most  be 
esB^B  with  good  stofipeia.  If  commenul  soda  is  osed 
prerionaly  tested  for  nitric  acid,  as  the  presence  of  that 

«d  II  mixed  in  ■  warm  porcelain  mortar,  with  a  quantity 
U  about  two-thiida  of  a  combust  ioa-tube,  from  16  to 
ime  must  be  preriously  heated  orer  a  lamp  to  eipe)  any 
t  may  hare  absorbed,  and  tlie  mixture  must  be  made  by 
rwise  portions  of  it  will  adhere  obetinately  to  the  mortar 
len  introduced  into  the  tube,  the  mortar  is  rinned  with 
with  pounded  glass,  to  remove  any  small  portions  of  ad- 
tnbe  IS  filled  up  with  soda-lime  to  within  an  inch  of  the 
1  asbestos  being  placed  at  the  end  to  prerent  the  light 
rward  by  t^e  Tapoura. 
in  a  bulb-apporatuB  of  the  form  shown  in  Jig.  40,  eon- 

Fig.  *0. 


eciflc  gmTity  abont  110),  snAcicnt  to  half  &1I  one  of  the 
9  is  adHplfd  to  the  combustion- lube  in  the  manner  shown 
raduaDy  heated  from  end  to  end.  Ammonia  ia  then  giveit 
;droohloric  acid.  Towards  the  end  of  the  comboation.  (h* 
reoAed,  in  order  to  decompose  any  rranide  of  sodium  thHt 
!r  stage  of  the  process.  Wlien  the  combustion  is  finished, 
I  off.  andair  drawn  through  the  apparatus  in  the  usual  way. 
le  Faria,  i.  \06)  recommends  to  place  at  the  eloaed  end  of 
te  of  cslciDm  and  slaked  lime  (obtained  by  omtralisiuK 
■,  boiling  the  precipitate  with  excess  of  lime,  and  diying 
then  decompoai'd  at  the  end  of  the  operation,  erolvea  a 
^  all  the  ammonia  remaining  in  the  combnstion-tube  into 

^  into  a  capsnTe.  and  the  bnlhs  are  rinsed  with  alcohul, 
Latilled  water.  Sometimes  oily  hydrorarbons  are  formoil 
collect  on  the  aorface  of  the  acid  liquid.  In  this  case  it 
IhiT.  to  aepHrale  the  oil  from  the  acid  lii|ujd  by  filtratioiL 
listened  with  water.  Bichloride  of  platinnm  is  now  added 
reripitatrs  the  ammonia  as  chloroplulinate  of  ammonium, 
CTuporated  to  ilryness  over  the  watcr-batli ;  aad  the  di^ 
nitli  a  mixture  of  2  toIuidcb  of  strong  alcohol  a.il  1  vol 
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elher,  which  <liBM}lTM  ths  excess  of  bichlorida  of  pUtinum,  and  Isana  the  rblora 

plntiaatc  of  uumaniuin.  This  salt  is  coUected  on  b  veighad  filMr.  wuhMl  with  th 
BHmr  miitnre  of  alcohol  Uid  etber,  then  dried  at  100"  and  weighed;  100  pta.  of  i 
TOtrespoud  to  6*279  pts.  of  nitrogen.  Or,  the  salt  with  its  filter  nuj  be  ignited  in  i 
wvigbiHl  crucible  of  platinum  or  porcelain,  till  the  filler  is  completely  boraed  to  aab-i 
and  metallic  platinum  is  lelL  The  ignition  most  be  performed  with  great  cart 
comropucing  with  a  Ter?  gentle  beat,  which  should  be  inoeaaed  tctj  grmdnall; 
bpcauSQ  the  rapoar?  of  ^l-ummoniac  and  chlorine  which  eacMpe  are  rerj  apt  to  carr 
with  them  a  small  quantity  of  platiDum :  100  pto.  of  platiaum  ooneapond  to  1-1'^ 
pts-  of  nitn^en. 

The  process  junt  described  may  be  applied  to  moat  aiotised  organic  bodies  witboe 
farther  modification.  Soowtimes,  howcTer,  when  the  pnportioD  of  nitrogen  ia  lai^ 
as  in  urea,  melloae,  &c,  the  whole  of  Che  hydrogen  is  given  off  as  ammonia.  In  tin 
case,  the  quantity  of  uncondensable  gaa  erolved  is  ciTmpsrBttvelj  small,  and  toward 
the  end  of  the  process,  the  acid  in  the  bulbs  is  Teiy  likely  to  be  suddenly  drawn  bar] 
into  the  rombii>'tion-lnbe.  This  accident  nay  ba  preTented  by  adding  to  ttw  miitni' 
a  small  quantity  of  sugar  or  tartaric  add,  so  as  to  dilute  the  ammonia  with  niieon 
den«.b!e  gases. 

Liquids  containing  nitrogen  may  be  (rested  in  the  same  maanar,  being  i  Fa  111  "I  ii 
bulbs,  as  for  eombuation  with  oxide  of  copper. 

There  are  some  azotised  organic  bodies  to  which  Will  and  Varrmtispp'i  proeees  i 
not  applicable.— those,  namely,  in  which  the  nitrogen  eiials  in  the  form  of  an  mide 
genenlly  as  NO'  (the  so-called  nitro-compounds) ;  these  bodies,  when  ignitad  witi 
an  sikaline  hydr.ite.  givins  off  only  a  portion  of  their  nitiogan  in  the  fbnn  ^  anuiiaiiia 
■0  that  the  qunotlly  found  is  always  too  small 

Other  azotised  bodies,  when  heated  with  soda-lime,  gire  oS;  not  ftmntooia,  bntoi^anii 
baaFS  free  from  oxycen,  and  more  or  less  nwemblinp  ammonia.  Thus  indigo  yield 
phenylamine  (CH'N ),  and  many  non-Tolatile  orgame  baaee,  t.y.  Darootine,  morphine 
quinine,  and  cinehonine,  gire  off  organic  volatile  bases.  Many  Bon'oxyganisei 
organic  bases,  such  as  phenylamine,  chinoline,  &c.,  |iaas  orer  imputed  aoda-linK  vithou 
deeompoeition,  or  at  all  erents  do  not  yield  idl  their  nitrogen  in  the  form  of  amnsuttia 
Now  all  these  volatile  organic  bases  form  platinum-salts,  in  which,  as  in  clilon> 
ptatioate'of  ammonium,  1  atom  of  platinum  corresponds  to  1  attnn  of  nilregen.  II 
tliert'fore.  these  bases  are  treated  by  Will  and  Varrentrapp's  proceaa,  the  nsnltim 
platinum -salts  ignited,  and  the  metallic  platinnm  weighed,  100  pta.  of  it  will  correapoDi 
to  14  2Di  pts.  of  nitrogen,  whatever  oi^4nic  base  may  have  been  formed  in  the  decum 
position.  Aa,  however,  the  platinnm-salCa  of  many  of  these  bases  are  more  salnl'le  ii 
alcohol  than  ehloroplatinnte  of  ammonium,  it  is  beat  to  wash  them,  not  with  thi 
miitupr  of  alcohol  and  ethpr  above-mentioned,  but  with  absolute  ether  to  which  only  i 
few  dropi,  <■(  alcohol  are  added.  In  all  cases  in  which  it  is  not  certaioly  known  that  thi 
body  snbmitted  to  aualysii  give*  off  the  whole  of  its  nitrogen  as  ammonia,  the  ehloro 
platlnate  should  be  ignited  after  being  weighed,  and  the  residual  plalianm  wei^ei 
again,  so  as  to  ascertain  whether  the  chloroplatinate  weighed  was  really  chloroplalinat' 
of  ammonium.     (NH'PtG'  corresponds  to  **3  per  cent  platinam.) 

Instesd  el  precipitating  the  ammonia  with  bichloride  of  platinum,  its  quantity  mi< 
also  be  determined  volumelrically,  for  instance,  by  receiving  it  in  dilnte  Bulphnrie  acic 
of  known  strength,  and  estimiiting  the  quantity  of  free  acid  remaining  b*  means  of  j 
slandard  alkaline  solution.  P^liKot  uses  for  this  porpoBB  dilute  sulphuric  scid,  containing 
61-25  grms.  of  SO'H',  in  a  litre  of  liquid ;  neutralises  it  with  a  measured  quantity  o 
a  solution  of  lime  in  sugar-watf  r ;  and  compares  the  quantity  of  the  time-solntion  r<' 
quired  for  this  purpose  with  that  which  is  required  to  neatralisc  the  same  volume  t 
add  afler  absorption  of  the  ammonia.  Instead  of  the  solution  of  lime  in  sugar-water 
which  quickly  varies  in  strenRth.  and  mu«t  be  standardised  before  each  experiment,  i' 
is  better  to  ose  a  standard  '  olutioa  of  caustic  soda  (see  Actdiubtbt.  and  AsaLTsi 
VoLUMETBic).  If  an  acid  bo  oaed  containing  I  at.  SO'H'  in  a  litre  of  liquid,  and  i 
solution  of  soda  containing  2  at.  NaHO  in  the  ssme  volume  of  liquid,  the  quantity  it 
acid  saturated  by  the  ammonia  will  be  veiy  readily  found,  and  thence  also  the  qoanltt; 
of  ammonia  absorbed.  These  methods,  being  more  ratiidly  executed  than  theplatinnm 
determination,  are  especially  applicable  in  the  determinatioa  of  nitiogra  for  technicai 
puipoees,  in  the  valuation  of  Buano  for  example. 

Other  modifications  of  Will  and  Varrentrapp's  nrocees  have  been  prapoaed,  fin 
example,  receiving  the  ammonia  in  tartaric  acid, — but  they  do  not  appear  to  prrasnl 
any  peculiar  advantages. 

EsmuTton  or  CBLonoin. 


•INTAnY   OK   LLTIMATR 


a  udapted  in  micb  cuaet  i*  to  ignilt 
rlh,  gcncniJIy  with  gni^k  litne.  The  lime  used  for  th 
.'ting  miirblv  to  u  «tron)[  rrd  heat  in  a  crucible.  It  mui 
ttaut  elemeDt  ia  fbuiid  in  it.  the  lime  miuC  be  slaked,  uu 
ratvd  from  it  bj  wiuliiiig  with  water,  alter  which  it  ia  t 

solid,  ia  mixed  in  a  morfar  with  the  pure  poimded  limt 

I  a  combustion-tube  froin  11  10  IB  Inches  long,  aod  th 
.  or  (in  order  to  diminieh  the  quantity  of  lime  which  ha 
ia  nitric  acid)  with  a  miilut«  of  lime  and  poonded  gLui 
in  the  ubuoI  inuiDerj  ailerwarda.  while  the  tube  is  sli. 
y  a  fork,  it  is  then  wiiied  with  a  piece  of  filler-paper,  un 
tall  glans  cylinder  about  otic-Ihird  full  of  cold  distills 
>n  thus  eoming  in  contact  with  the  wati-r,  and  its  content 
the  eicem  of  lime  is  dissolTed  bj  nitric  acid.  The  ligui< 
,  and  the  chlorine  precipitated  bj  nitrate  of  silver.  Oi 
3  cold  are  turned  ont  into  ajar  of  distilled  water,  and  th 
cid.  This  method,  however,  is  more  subject  to  error  thii 
to  prevent  a  pottioa  of  the  very  Sse  dust  of  lime  bein 
e  emptying  the  tube  into  the  water. 

le  are  enclosed  in  bulbs  in  the  manner  already  describei 
wed  OTor  the  red-hot  lime, 
jiie  compounds  are  estimated  in  like  manner. 

EbttM1,TIO)(    of  BtTLPBCK. 

tained  in  organic  compounds  in  inch  a  manner  that  i 
ith  metallic  solutions ;  more  genrraJlj.  however,  its  sepi 
ly  the  complete  destmctioa  of  the  compound.  In  som 
iitric  acid  will  effect  the  decomposition,  the  sulphur  bein 
Id;  but  a  more  certain  method  is  to  fuse  the  eomponn 
irbonate,  mixed  with  nitie,  chlorate  <^  potaaaium,  or  ozid 


a  few  drops  of  water  being  added  t 
led  quantity  of  the  sulphuietled  otganie  compound  is  the 
ortions,  and  Che  heat  js  gradually  raised,  small  qnantitic 
om  time  to  time,  if  necessary,  to  bnm  away  the  Carboi 
diwotved  b  boiling  wHler,  the  eiocss  of  alkali  neutralise 
ide  of  burinm  then  addrd.  and  the  precipitate  of  sulphat 
nd  ignited  with  the  usual  precaationa.     (See  Sdlfhtts] 

,1bo.  whether  fixed  or  volatile,  be  burnt  in  a  combustioi 
nate  of  sodium,  with  nitre,  chlorate  of  poCasainro  (Kolbe 
IL  Chfm.  t:!oc.  On.  J.  vii.  212).— non-voUtile  pulveriaabi 
the  carbonate  <rf  soditun  and  the  Oxidising  ageut,  Tolatil 
aled  bnlba,  and  volatile  solids  and  fatty  boiEes  placed  i 

EsmuTioH  or  Phospbokus. 

lira  is  estimated  by  hnrain;;  the  aalwtsDCe  with  a  mixtni 


IS  phosphate  of  magnetini 


lating  sulphur,  phoaphoms.  ehlorioe,  &c,  in  onanjc  con 
J  Carius  (Ann.  Ch.  Phorm.  cxn.  1).  consists  in  heatii 
acid,  of  specific  gravity  about  I'Z,  in  a  sealed  tub 
I  all  esses,  completely  converted  into  sulphuric  acid,  at 
'ide  of  barium ;  fkoapluirut  and  arti-nie  are  converled  ini 
i,  Jnd  may  be  precipitated  aa  ammonio-magneaium  aalb 
partly  separated  in  the  (rtt  state,  but  may  be  complete 
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oonTi>rted  loto  hydrochloric  wdd  by  me«nB  of  ■  dilate  •olotjon  of  mlphnroiiR  idd  at 
■ntpbite  of  godium,  and  then  piecipEtated  by  mtntc  of  ailtw;  bntiinit  and  iodine  ii« 
completely  separBted  in  the  free  stMta,  and  may  be  eatinutrd  in  like  maiuKT ;  loitly, 
mrtaii  are  conrerted  into  oxidea  or  nitrates,  and  may  be  eitimated  by  the  oidinaij 
methode  of  mineral  aoalynB. 

Thia  method  of  oxidation  I7  nitric  acid  in  sealed  tnbea.  ie  likewiM  applinble  to 
many  inocganic  eompaunde,  the  lolphidea  of  arsenic,  for  eiani;de.  (For  detiula,  lee  the 
aiticlm  Cklouhb,  PHoePHOBus,  Sulfhdk,  Ue.) 

DimiUMiiTiOH  or  thb  Crbwcal  Fobicui^  of  in  Oaaunc  Caxpautnt. 

When  the  quantities  of  the  seTeral  elements  of  ■  compoond  which  make  op  a  pTiD 
VeighL,  Bay  tUO  parts,  are  known,  it  is  eisy  to  calcnUte  the  rilatioe  number  of  atom* 
of  these  elements.  For,  aince  the  actual  weight  of  a  luWance  (f)  ia  equal  t«  the 
weight  of  each  atom  {A),  multiplied  by  the  number  (n)  of  the  atoms  {W  ~  n  A),it 
(bllowa  that  the  number  of  atoms  is  equal  lo  the  total  weight  dirided  by  the  atomio 
weight  (ti  —  — );  to  that,  when  the  percentage  composition  is  known,  the  telatiTB 
numbersof  theatoma— in  other  words,  the  empiriesl  fominla — will  he  (bond  by  diridiBg 
the  percentage  of  each  element  by  its  atiinuc  weigbt,  and  leduciog  the  rnolt  to  ita 
iimpleat  nnmerical  eipreaaion. 

For  example,  sorbic  acid  is  fonnd  hj  Ho&nann'a  analjais  (Cham.  8o«.  Qn.  J.  xii  48) 
to  ooDtain  in  100  parts :  61-33  C,  7'SO  H,  and  Z3'i2  0.     Therefore : 

Number  of  Carbon-atoms      —  —■ ^-  —  C'3S  or  3 

„         Hydiogen-atomi  —  — —  -  7'ao  or  4 

Oiygen-aloms     -  H|?  _  177  or  1 

euuaeqnently,  the  simplest  atomic  expreasion  of  the  conatitation  of  sorbic  add  il 
CH'O. 

Whether  this  is  the  real  eipresrion  for  the  eompoeition  of  the  molefnle,  or  whethrf 
it  should  be  C*H"0',  or  CH"0',  or  any  other  multiple  of  the  flrat  formula,  muit  be 
determined  by  other  considerationa.  In  the  case  of  an  acid,  we  natm^y  look  to  the 
constitution  of  its  salta,  the  barium-  and  sQTei^aalta  being  generuUy  selected  as  being 
the  moBt  easily  prepared  and  analysed.    The  analysis  of  sorbate  of  barinm  gires: 


Carbon 

40-87     ■*■     12       -    3-36  or  8-08 

Hydrogen     .        . 

4 02    +      1      -   402  or  7-27 

Barium 

37'89    «-    6B'fi   -   U-S5  or  1 

Oijgen        .        . 

1772    -i-    18       -    1-11  or  2 

10000 

This  appnjsehea  Tery  nearly  to  the  formula  C?H'BaO',  ahowing  that  the  rational 
formnlaof  sorbic  arid  is.  not  C'H'O,  but  CH'O',  supposing  the  acid  to  be  moDobwc,  or 
C''H"0',  if  it  is  dibasic  Which  of  these  bypotheeea  is  correct  moat  be  determined 
by  other  considerations  (Acms,  p.  46).  The  monobasic  fonnula  ia  adopted  beoase  it 
is  found  that  sorbic  acid  forms  but  one  class  of  salts,  one  ether,  one  amide,  Ac 

The  rational  formulie  of  bases  are  also  determined  by  the  cooatitntion  of  their  salts. 
The  platinum-salts  are  most  generally  relied  on,  because  thej  can  be  easily  obtaintj 
pure,  and  the  platinum  can  in  most  caaes  be  determined  with  great  accumi^.  Tha 
rational  formula  of  the  base  ia  that  which  corresponds  to  1  atom  of  platinum.  Thus 
the  platiaum-ealt  of  Hilraniiidine  girts  nnmbera  oorresponding  to  the  formula. 
CrH'N'0'.UCl,ItCl':  hence  the  formula  of  the  baas  is  C'H'N  O*.  In  some  casai.  tha 
gold-ealts  are  better  adapted  than  the  platinnm-aalta  for  determiniog  the  conatitutiua 
of  an  organic  base.  But  any  well  defined  and  etable  salt  in  which  the  amonnt  of  add 
or  acid-radicle  can  be  directly  and  accurately  determined,  will  answer  the  puipos* 
•qnally  welL 

To  determine  the  ntional  fbrmnla  of  a  componnd  which  is  neither  icid  nor  btsii^ 
reoourae  must  be  had  to  its  drriration  and  to  its  mod«  of  decomposition.  Thu 
iodit^o  yielda  by  analyaia  numbers  correaponditig  to  the  formula.  (?H*MO.  By 
oxidising  it  with  nitric  acid,  we  obtain  ijfltin,  C'll'NO' (  —  indigo  +  O);  and  intin 
treated  with  potash  yields  the  potassium -«alt  of  uaiic  aeid.  CH'KSO*.  Now,  sB 
imlic  acid  exhibits  the  charaeten  of  a  monobasic  acid,  this  formula  sbowi  that  11  co»- 
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omeqneiiti;  uitiii  uid  indigo,  irhich  uv  relnled  to  it  in 
1st  sIki  coDtutn  8  atomn  carbon.  Substitutian-pniducta 
^orine,  nitric  acid,  &,c.  are  often  of  gi«iit  use  in  detci^ 
IB  the  compoailion  of  mpaitjlol  may  be  eipresaed  eni- 
Tiute,  CH',  C*H'  or  C'H".  But  thin  bod^,  under  iKo 
^liU  the  tbree  Bubititation-pn>dnct«.  nitTDniPsitylol, 
,"H'n,SO")",  aiid  trinitromeflitjlol,  CH^NO'I',  the  com- 
rreconciUble  with  the  fmnula,  CH".  or  OH*.  ABsin, 
Qi]{bt  be  eipressftd  empirically  by  the  formulft,  C'*H',  o* 
3  oompounJa,  CH'Cl,  CU'Q'.  CH-Ol'.  C'H'BrCl', 
howB  dearly  that  the  higher  formuta  is  the  true  one. 
ie  witboul  dwomposilion.  ila  atomic  weight  may  gene- 

of  itti  Tapour-deiuily.  In  oearlj  all  caaea.  the  mole- 
Mom  atate  ia  auppuscd  to  occupy  2  Tolumes  (ATomo 
rapour-dpQHily  ia  half  the  freight  of  the  molecnle,  and 

mast  be  calculated  accDrdtnj;ly.  Tbua  tbe  rapour- 
ed  by  Gay-LusBac,  ia  16133,  refeiredto  air  aa  miiCy,  oi 
ydn^n  aa  nni^.    The  doable  of  tliia  Dumber,  ot  16'f 

molecule.    Kow  the  compoaitioD  of  alcohol,  aa  det^r- 

ia  CH*0,  and  tha  veight  of  the  molecule  calcnhiited 
ronnnla  of  alcohol  is  tberefoce  C'H'O  and  not  bdj  mul- 


.ate  elementa  of  which  an  organic  body  ia  emnposed.  if 
f  idea  of  its  coDBtilution,  onlesa  the  anbatance  mider 
cal  compound,  ench  aa  augar,  alcohol,  albumin,  &c  In 
at  we  wiiih  to  obtain,  or  inde^l  that  we  can  obtain  n- 
bodj,  is  derived  from  its  elementary  utalysia,  togetbee 
reacliona;  but  when  a  complex  oi^n.  as  a  leaf  or  a 
iuid,  such  aa  the  sap,  mlllc  or  blood,  is  to  be  examined,  it 
to  the  ultimate  anslyiiiB.  to  aepaj^te  the  Bereral  definite 
ti.  of  which  the  complex  snbslance  is  made  op;  Jualaa 
nite,  it  ia  not  sufficient  to  know  the  relatiTe  qoantitiea 
lum,  oxygen,  &r.,  which  it  contains,  but  we  require 
manner  in  which  these  elements  are  grouped  in  ths 
other  words,  to  ascertain  what  proportions  of  qnarti, 
1  composition  of  tbe  rock. 

inic  MUies  is.  as  we  have  seen,  reduced  to  a  veiy  corn- 
no  element  oceurHng  in  an  organic  compoond  which 
nty,  and  estimated  quantitatively  within  Teiy  narrow 
itb  the  proiimuto  analysis.  With  regard  to  vegetable 
g  more  than  a  few  general  directions  can  be  civen.  In 
'  progress  has  bcro  made  towards  tbe  eatabhahment  of 
itive  analysis,  but  much  remains  to  be  done  before  (ha 
rity  and  eiactucss  to  the  pmccsscs  of  mineral  analysis. 
Lnblf  or  aniiiiiil.  wlid  or  liquid,  is  divided  into  two  {nits, 
(be  inor^mnic,  the  other  for  tbat  of  the  <aganic  Consti- 
and  incinerated  (see  Ashes)  aod  the  ash  examined  by 
.sis.  The  former,  if  the  analysis  is  to  be  quantitative, 
qualitative  analysis,  is  dried  at  a  temperatnie  between 
I)  care  1>eing  taken  not  to  let  tbe  heat  rise  too  high,  u 
decomposed  by  hvat  Some  bodies  must  be  dried  at 
er  sulphuric  acid.  Liqaids  are  first  evaporated  in 
vbath,  and  the  residue  is  then  dried  at  a  somewhat 

ii-iginal  substance,  is  then  subjected  to  the  action  of 
ether,  alcohol  and  water.  Gerhardt  recommends  these 
r  here  indicated :  this  of  coune  implies  that  the  sub- 
i^thnr  dissolves  especially  fatty  and  waiy  subslancefi, 
]|  dissolveii  the  same  substances  with  Ices  facility, 
lolvea  muny  substmccs  which  are  insolnble  in  ether; 
mmy  and  amylaceous  sulrafances,  and  salts  of  organio 
ntine.  clilorDfonn  and  sulphide  of  carbon,  are  alH> 
allulis  arc  cilnclcd  by   dilute  mlphnrk  or  hydro- 
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chloric  »ciil :  orRunic  apid»  by  dilnle  HmmoDia  oc  potuh.  Tbe  solution*  of  Tcgrt 
n.'idi,  and  of  cm-taia  otliei-  subtituiicts  thue  oblHined.  are  often  treats  vilh  no  tatt 
Bubacctate  of  lead,  in  order  to  pretipitat?  the  organic  principles  is  the  form  of 
soluble  lead-salts,  which  are  then  decomposfd  b;  solphuietted  bjdrogeD.  Aeelati 
■luminiuni  and  ferric  acetate  nre  also  used  as  preoipitnnta. 

Tlie  solution*  obtained  in  this  way  generally  contain  a  mixture  of  proiiiDSte  "nil 
principle",  which  must  be  separsted  by  fractional  distillation,  precipitatioD,  saturat 
or  cri'-italUsation  :  when  crystals  arc  obtained,  it  is  mostly  of  great  aerritv  to  euin 
tbem  V  the  micro9ca[>e^  in  order  to  determine  their  form,  and  •soertoin  icbethi.-r  t 
«re  hamogt-neouB. 

Frdciional  precipitatibn  with  acetate  of  lead  is  much  used  for  tbe  separatioD  n( 
higher  lerme  of  the  fatty  acid  aeries,  stearic,  palmitic,  acid,  Jcc  The  loiitiuv  oft 
HCids  is  dissolved  in  alcohol ;  llie  solution  is  partially  precipitated  with  acetate 
lead  :  the  precipitate  is  dr-coniposed  by  snlphnno  acid;  the  latty  acids  thereby  « 
mted  ore  redisBOlred  in  alcohol,  and  again  partiallj  precipitated;  and  this  serie; 
operations  is  repeated  till  the  fatty  acid  thus  separated  shows  a  coDstant  mdl 

The  method  of/riKtionai  talutalian  applied  by  Liehig  to  tlie  sepiiration  of  BOm< 
the  lower  terms  of  (he  futty  acid  series,  may  also  here  be  noticed.  Wbeo  valeric  . 
bntyric  acids  occur  together  in  a  hquid.  their  separation  may  bo  eflect«d  by  1 
aatnratmg  the  mixture  with  soda,  and  distilling.  If  the  valeric  acid  is  in  eiceeft.  ] 
Talemte  of  H)dium  is  left  behind,  and  a  mixture  of  butyric  and  valeric  acids  Ait 
over ;  if,  on  the  contrary,  the  bntyric  acid  is  in  ciecss.  the  residue  contains  butyrat' 
well  as  TslerHle  of  sodium  :  bnt  the  distillate  consists  of  pure  butyric  acid.  On  i 
tillinitthe  reBiduewith  picpss  of  dilute  sulphuric  acid,  the  two  acids  pass  over  togcfl 
and  by  partially  neutmlising  tlie  distillate  with  an  alkali,  and  again  distilline,  a  i 
tber  Bepar.ition  may  be  effected.  At  each  stage  of  the  proccsa.  the  less  volatile  e 
<the  valeric)  dispUces  the  more  volatile,  and  one  only  of  the  acids  is  found  eith^-r 
the  dislilhite  or  in  the  residue,  according  as  the  mnrs  or  the  leas  volatile  acid  pn.' 
minales.  When  a  mixture  of  acetic  acid  with  bntyric  or  valeric  acid  is  trested  in  I 
manner,  different  phenomena  present  themselves,  the  acetic  acid,  though  the  re 
..  volatile,  exhibiting  the  greater  tendency  to  displace  the  other  two  and  remain  in 
residue.  This  peculiar  hehuviour  is  due  to  the  formation  of  an  acid  acetate  of  sodji 
C'H'NaO'.CII'O',  which  is  not  decomposed  by  either  of  the  other  adds.  Hei 
if  the  mixture  contains  more  acetic  add  than  is  sufficient  to  form  an  acid  acetate  h 
the  quantity  of  soda  added,  the  excess  will  pass  over  together  with  the  whole  of 
butyric  or  valeric  acid  present,  tbe  residue  consisting  of  pure  acid  acetate  of  smliu 
if.  on  the  contrary,  the  quantity  of  acetic  acid  is  less  than  sufficient  to  convert 
vhole  of  the  soda  into  the  acid  acetate,  pure  valeric  or  hut)'ric  acid  will  pnHs  ovfr,  i 
the  residue  will  conUin  acid  acetate  of  sodinm,  mixed  witli  butyrate  or  valcnilc. 

Volatile  oila  are  scpamted  by  fractional  dLxtillDtion.  The  root^  seeds,  leAvm,  I 
M^nlaining  them  are  macerated  in  water  and  distilled,  and  the  oils  which  fart  o 
irith  the  aqueous  vapour,  are  separated  mechanically  from  the  jrttaj  diBtitlato,  i 
mihircted  to  fraction^  distillation,  the  portions  which  distil  at  constant  boilinz  n>i 
or  between  narrow  limits  of  temperature  betog  collected  apart.  Many  voUtile 
bave  the  composition  of  aldehydes,  and  thoe  •»  separated  m>m  mixtaies  contain 
them,  by  agitation  with  a  saturated  sohitioo  of  acid  sulphite  of  sodium,  with  which  L 
form  crystalline  componiids. 

In  moat  cases,  however,  more  information  will  be  obtained  conoerDing  the  t 
toetbod  of  procedure  in  any  particular  case,  hy  consulting  the  methoda  which 
actually  in  use  for  separating  special  sulisliincsa  frooi  complex  mixture*  in  which  tl 
occur,  than  from  any  general  roles :  see  for  example  the  articles  AuukLotDt  (detsct 
or).  BoNB-olli,  ClKCHnNA-BABX.  Opii:ii.  for  the  methods  of  separating  alkaloids; 
articles  Bilk,  Oleic  Acid,  Stbiuc  Acid,  Chic  Acid.  &c.,  for  the  methods  uf  seporat 
acids  ;  and  the  articica  Albciuii,  Glycebin,  Suqak,  Sec,  for  t^ie  methods  of  aeparat 
Deatral  bodies. 

Examirmtion  b/  Animal  Subslancet:  Zoochtmical  AKal^iii.—'i 
general  directions  just  given  for  the  proximate  analysis  of  complex  organic  bodies. 
for  the  most  part  equally  applicable  to  vegetable  and  to  aninuil  substancea  ;  but  : 
proximato  principles  of  the  animal  body  being  less  numeruua  than  those  of  : 
vegetable  kingdom,  where  distinct  proximate  principles  occur  in  every  natural  on 
and  in  many  mdividual  species,  it  is  somewhat  easier  to  lav  down  a  Bystenuitic  cou 
for  the  qiuHtative  analyau  of  animal  subst^inccs.  Tbe  folloving  is  the  inetbad  gii 
by  Gorap-Besanei,  in  the  Ha'tduS^t'  rbvcK  drr  Chr'i'.  2"  Aufl.  i.  984. 

a.  fW  liquids. — -The  phvsicul  characters  must  first  be  examined.  Any  turbidity 
sediment  occurring  in  the  liquid  is  to  be  examined  by  the  microscope  for  the  de'Cct 
of  crystals,  or  bodies  of  any  other  definite  form.    An  acid  reaction  of  the  liquid  i^ 
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Is  or  of  add  salts ;  kd  aJkiiUne  mction,  that  of  tna 
phoapliates  (u  in  blood,  blood-serum,  and  seraos  transa- 
tmm  decompnition  (as  in  uriue).  A  caagalDni  fonoiuff 
1  ■  lujoid  originally  clear,  gencrallj  oooBiiU  of  fibris  ;  ic 
wdiea,  a  question  (o  be  decided  bj  euniination  with  the 

isaiy,  b;  filtration  or  stnining,  is  dow  to  be  exasuBed 

I  in  a  teat-tube  to  tiie  boiling  point,  acetic  add  bring 
t  is  attained,  in  anffideat  qnontitj  to  produce  >  faint 
I  iraa  originiillj  neutivl  or  alkaline 

formed,  albumin  is  abwnt :  pass  on  to  (2). 
rbidity  is  produced :  Diride  the  liquid  into  t«a  portiooa. 
Tips  of  dilute  hydrochloric  acid.     If  the  predpiUte  dit- 
it  earthj  phosphates  are  probably  present.    Look  Ibr 
chemical  l^sts. 

does  not  disappear,  add  hjdiDchlerie  acid  and  heat  to 
■  gradually,  with  blood-red  cokiur,  albumin  is  present: 

few  drops  of  nitrie  acid  to  a  saaU  quantity  of  tha 

I  by  boiling  the  liquid,  or  the  liquid  itself  has  a  redA'sh- 
nmaj  be  present.  Thscoagulnm  iathenlobedige«ted 
:  add,  and  the  liquid  treated  with  tbo  testa  ^>eciaUj 
ee  compounds. 

sngnlnm  is  produced  by  boiling,  cr  ths  liquid  UlfTed 
nry  case,  maj  still  contain  the  following  ubnminoidal 
metalbumin,  caaein  andglobnlin. 
JBced  OD  boiling  the  liquid,  paralbamin  or  netal- 
acetic  acid  dnring  ebullition;  if  the  liquid  then  bocomf* 
ietds  a  turbid  filtrate,  if  it  also  givta  a  predpitate  with 
nitric  acid,  and  the  last-mentioned  pncipilat«  is  inio- 
paralbnmin  ii  present.  Then  look  for  melalbumin 
if  potusaiom.  If  alcohol  produces  a  precipitate  soluble 
tnt  fenocyanide  of  potassium  produces  no  precipitate. 


mixed  with  ferroeyanide  of  potasdoBL    If  it  remains 
absent:   pass  on  to  (3). 

It  for  caaein  with  aolution  of  chloride  of  calcjnm  and 
for  globulin,  by  observing  vhetber  a  predpitate  ia 
ition  after  it  has  been  mode  add  or  alkaline, 
add  acetic  acid.     K  it  remains  dear,  pyin,  maena, 
ss  on  to  {4). 

with  corrosiTe  sablimate.     If  no  precipi- 

[fthe 


rmed  by  its  behaviour  to  alum  and  metallic  salta. 
:  acid  produced  no  predpitate  may  yet  contain  ghitin. 
and  leave  it  to  cool:  the  formation  of  a  jelly  wifi  tlien 
i  ftuther  tested  with  corroiive  sublimate, 
r  it  contained  albumin,  the  liquid  &er4l  from  that  eom- 
ted  by  a  gentle  heat  to  |  or}  of  its  volume,  then  healed 

iqaid  is  probably  free  from  urates  :  pass  on  to  (6). 

acetic  acid.  If  the  hitherto  amorphoua  masses  are  then 
muiie  the  form  of  rhombic  tableta,  uric  acid  is  pceaent 

nitric  add  and  ammonia. 

:  altered  by  acetic  acid  paints  to  the  preaence  of  snU 
phate  of  maRnesium,  which  may  be  farther  snb- 
lical  eiamination.     The  precipitate,  if  cry■tatlio^  mar 

*Jic  iteni>nJ  behaviour  of  the  aubetane*  mart  thta  d*> 
applied 
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6.  Ttie  concentnted  liquid  in  vhkh  no  predpitate  u  formed  by  boiling  *nd  au 
•eqnont  cooling,  or  the  liquid  filtered  from  lucb  a  precipitate,  ii  er^torated  to  ■  wjn 
on  the  WBter-bath,  and  left  to  itaelf  for  &  conBiderable  time. 

If  ci^Btala  graduiilly  form,  it  is  left  to  Btand  aa  long  as  thej  eoDtlnne  to  incrau 
They  maj  consiiiit  of  creatine,  creatinine,  gljccocol],  leui-inu,  alluntoii 
taurine,  earcoalne.  inoaite.  alkaline  bippuratee,  cbloride  of  lodin 
and  other  inorgamc  aalta. 

It  must  in  the  first  place  be  dftrrminsd  whethpr  theao  cfjhIjiLi  »n  orpmie  < 
inor^nic  In  the  former  caae,  they  must  be  leot^  especially  fbr  oitmf^liT  -foiph' 
and  phoaphorus  (p.  2311,  their  chemical  characler  determined  aa  neiHrly  «■  p'lanbi 
and  the  further  eiHrnination  regulated  accordincly.  In  the  latler  caee,  they  must  1 
treated  by  the  methods  of  inorgaQic  snalyaia.  If  they  blockeo  when  etronely  heite 
but  also  leaTe  a  fixed  rciidne,  they  probably  conaiat  of  an  otganie  add  oombiDi 
with  an  inorganic  base :  in  that  cose,  Ihe  Bied  residoe  irill  eSerrtaCB  atrotiglf  *il 

7.  The  aympy  reaidue  itaelf,  or  the  liquid  aeparated  from  the  eryitala  which  ha' 
formed  in  it  is  evaporated  aearij  to  dryness,  ana  the  recidne  ezhaaiited  with  alcob 
of  specific  gravity  0-833. 

a,  A  portion  of  the  alcoholic  aolutioD  concentrated  and  then  diluted  with  watrr. 
teaUd  with  nitxic  acid  containing  nitrous  acid,  forb  tie-pigment: — b.  A  second  portic 
treated  in  like  manner,  iateatnd  with  sugar  and  aulphoric  acid  for  the  acids  of  bile:- 
c.  A  third  portion  is  evapcrrated  nearly  to  dryness,  the  residue  disserved  is  water,  u 
the  Bolution  ejtamined  by  Trommer's  orKehling's  test  for  sugar:  —  d,  A  larger portii 
of  the  alcolinlic  eolation  ia  evaporatpd  to  a  small  bulk,  Ihe  cooled  residue  treated  wil 
nitric  acid  free  from  nitrons  acid,  and  the  vessel  immersed  in  ice-cold  water  or  in 
freezing  miiture.  A  laminar  crystalline  precipitate  exhibiting  the  micTO-cryBlaltii 
characters  of  nitrate  of  urea,  indicatea  nrea(care  must  be  taken  to  dlstio^uisb 
from  nitratea  of  the  alkalis).  A  cryatalline  precipitate  appearing  after  some  tjme.  • 
more  quickly  after  previous  heatin?.  indicates  hippuric  cR'benaoicaeid,  the  pp 
sence  of  which  moat  be  verified  by  the  micTOBCOpe  and  by  chemical  reactions: — f.  Uii 
portion  of  the  concentrated  alcoholic  extract  with  a  ayrupj  solution  of  cbloride  of  *ini 
if  a  cryatalline  precipitate  fonns.it  may  contain  creatine  and  creatinine:  if  i 
■uch  precipitato  appears  after  a  cousidemlile  time,  creatine  ia  certainly  abaent;- 
/.  The  last  portion  of  the  concentrated  aJcobolic  eitmct,  which  will  exhibit  a  stioi 
acid  reaction,  if  any  free  add  is  present,  ia  to  be  heated  with  oxide  of  line,  filten 
hot.  and  a  drop  left  to  evaporate  on  a  glan  pUte:  if  lactic  odd  is  present,  the  ch 
rucleristic  club  and  tun-ehaped  crystals  of  lactate  of  zinc  will  be  eeen  by  examinatii 
with  'Jie  micioscope.  The  preaence  of  lactic  acid  raav  be  confirmed  by  preparing 
pm^  rait  of  the  acid  from  a  larger  quantity  of  the  liquid. 

8.  The  residue  inauluble  in  alcohol  may  contaio,  in  addition  to  inor^nic  and  s 
called  extractive  matters,  uric  acid,  guanine,  hypoxanlbin  e,  nnil  album 
nates  not  precipitafed  by  boiling.  It  mupt  be  exhausted  with  water,  which  Ixkee  i 
cawin.  pyin.  and  extractive  matters,  together  with  aoluble  aalts,  than  with  dilu 
potash  Bolutinn,  which  dissolves  uric  acid,  hypoxan thine,  and  guanine.,  and  lastly,  wi 
dilute  hydrochloric  acid.  What  then  remaisa  may  cmtain  albuminates  which  ha 
become  insoluble,  mucus,  and  perhaps  aJso  silica-  All  theae  subflt^ncea  mmt 
further  looked  for  by  special  teeta. 

6.  Fart  of  the  original  liquid  is  evaporated  to  dryness,  and  the  residue,  pulreris 
if  poaaible.  la  exhausted  with  etbei:.  The  ethereal  extract,  cbiefiy  containing  fats 
•Dlution,  is  evaporated  and  Airther  examined  (see  Fats  and  Gltcebidss).  The  mid 
insoluble  in  ether  is  incinerated,  and  the  ash  examined  by  the  motbods  uf  iuoi^ai: 

0,  Tiimri  and  Orpans. — In  the  anslyais  of  animal  tiaanes.  it  is  absolotely  necesM 
to  operate  with  considerable  quantities  of  material,  not  icsa  than  SO  pounds ;  otherwi 
a  veiy  tedious  inveatigatjon  may  be  gone  through  without  any  satisfactory  mulL 

The  tiaaue  is  first  carefully  comminuted  and  conipl^tOy  exhausted  with  cold  wat* 
the  extract  is  freed  from  albumio  by  boilinp,  and  to  the  filtered  b'quid  a  concenmt 
solution  of  caustic  baryta  is  added  at  long  a»  any  pr«cipitiile  or  turbidity  is  prodoc* 
The  precipllate  may  contain  phosphate  of  barium,  phosphate  of  magneaiui 
sulphate  of  barium,  uric  acid,  and  hypoxan thine.  The  filtrate  is  evuporali 
to  a  symp  over  the  water-bath.  Care  being  taken  to  remove  any  mui'ous  filma  lii 
casein  thjit  form  during  the  evaporation.  These  generally  coonist  of  carbonate 
barium  or  pboflpbate  of  magnesium,  hut  may  also  contain  uric  acid,  hypoxaothin 
or  barium-salta  of  organic  aciils:  ther  must,  therefore,  not  b«  thr.iwn  kwar-  i 
soon  as  the  filtrate  is  concentnted  to  Che  consistence  of  a  thin  syrup,  it  mnsr  be  Ic 
to  evsporato  spontaneously.      l(  small  short   colourless   priama  form   in   it,   tbi 
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hrllier  eraponitf^  and  mixed  vitli  anmll  portiona  of 
ii  produced,  after  which  the  mixture  is  left  to  ilaelf  for 
iar»  or  tieedle-fihaped  cT^vtida  form  in  it,  thej  maj  eon- 
Dsphats  of  magceainm.  inoakte  of  potKaaium  and 
)iiiii  the  isoaic  add,  dinolve  the  depoait  in  hot  water, 
.he  inoaate  of  banam  which  Bppantea  bj  ojatalliratioii, 
f  precipitation  with  dilute  aulphnric  arid, 
be  deposit  of  inoaatea  ia  now  to  be  miml  with  a  frnb 
it  fteneralty  aeparHtea  iiit4]  two  lajrra.  the  lower  being 
!rhe  upper  lajn  ia  decanted,  and  the  lower  ia  miird 
;  which  itnnpnllj  eanaea  a  freab  aepantioD.  The  tawor 
ntaiu  alkaline  tactatei,  inoaite,  and  aalta  of  tho 
pper,  ereatiniue  and  leucine.  The  ethe>aIcoholio 
to  cryatalliae.  If  the  residue  gnduall;  deposits  Sne 
th  a  little  alcohol,  filler  off  the  mother- liqnor.  and  treat 
hoi;  tbey  may  contain  crestiiM  and  creatinine.  Th^ 
f  aa  the  filtrate  coola ;  the  creatinine  djetaQiaee  fiom 

«d  with  the  mother-liquor  of  the  creatine  and  creatinine 
[Upburic  acid,  in  order  to  precipitate  all  the  baryta,  and 
D  the  yolatile  adda.  The  reaidne  of  the  distillation,  if 
hapa  yield  lactic  and  ■  actinic  acida. 
ion,  after  being  ft«ed  &om  theae  acidn,  ia  mixed  with 
.  turbid,  and  left  at  reet.  Sulphate  of  polaaaiom  tlien 
edly  adding  freah  portiona  of  alcohol,  more  anlphala  of 
>aite.  which  mnat  be  aeparated  from  the  sulphate  of 
ij  mechanical  meana,  and  the.n  by  recrystalliaatjon  from 
Iter,  To  obtain  hypoianthine  and  uric  acid  from  the 
rhich  Mparated  in  Blma  at  the  beginning  of  the  proccM, 
1;^  adding  sulphuric  acid  to  aeparate  the  yolatile  acida 
ith  boiling  potosh-lej,  filter,  acidulnte  with  hydrochloric 

pmipitste  in  potoab.  and  odd  aal-ommonisc  Uric 
uste  of  ammonium,  while  hypoxsnlhine  remains  in 
bj  erapoiatian  as  a  yrllowish-white  powder, 
tgulnm  of  albumin,  after  being  eraporated  to  a  ^rup* 
>ped  iTjatrilri,  but  after  standinji;  for  some  time.  nuiHaca 
\  and  unctnoua  to  the  touch,  and  appearing  under  the 
luting  spherules,  the  presence  of  leucine  may  be  ens' 
'n  to  be  sepaiated  from  the  mother-liquor,  which,  after 
^potiits  more  of  them,  and  the  entire  product  afron^ly 

and  purified  by  rejieated  cry* tall iaation  from  I-iiliiiR 
nt,  it  cflTers  the  filtrate,  after  it  has  been  freed  from  tiie 
ated,  with  numerous  stclliite  irroDps  of  slender  ni<edlr^ 
a  undisaolTed  when  treated  with  alcohol.  Th<^y  may  lie 
?nce  they  sepamte  on  cooling, — purified  by  solution  in 
luof  acdtate  of  potsasium,  and  boiling, — and  then  rnrther 


jiminatlon  of  uumol  tissues  is  given  by  Sladelei^  and 


and  pre«aiufc  are  boiled  with  a  few  dropa  of 
imin  and  colouring  matter  of  Uood.  and  the  strained 
,  OTor  the  waler-bath  to  ^  of  its  bulk,  is  precipitated 
predpitote,  which  may  contain  nric  acid  and  inoaite^ 
shed :  the  filtrate  ia  freed  from  eicesa  of  lead  by  sul- 
arated  to  a  syrup ;  the  residue,  which  generally  couliiini 
■a  these  compoanda  by  digontioD  in  cold  weak  slcoliol; 
cohol  is  then  added  aa  long  as  s  precipitute  of  alkaline 
snd  the  excess  of  sulphuric  scid  ia  removed  by  canfu] 
he  clear  filtrate  eraponittd  till  it  no  longer  becomes 
:ed  with  on  equal  Tolume  of  absolute  alcohol  is  he.i'cd 
nd  then  left  at  resL    Any  etyatala  which  aeparate  muKt 
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t>B  further  emmincft :  the;  nay  ronaist  of  croattnc,  bnt  klso  of  tjroiiot  . 
tanriap,  which  Ust  compouDd  bu  latoly  hern  fnund  by  CloitlA  in  the  tinue  nf 
longH.  The  mothei^liquor  of  the  cryBtaJa.  if  carefoU]!  eraponted  U}  ■  amaller  b< 
JemaitB  anj  leucine  that  may  be  picwnL 

The  prenpilate  produced  bj  fubacetat*  of  lead  in  iraahed,  mapended  in  watn-,  i 
■decomposed  by  iulphureKed  hjdroRcn.  If  the  liquid fllleped  from  the  aulphide  of  l 
-depotits,  after  some  time,  email  v)iite  cryetalline  FtraioB,  exhibiting  under  the  mic 
•cope  the  forma  of  arir  acid,  thrj  mnet  be  oollectcd  and  examined  for  uric  add 
the  mureiide  teat  (Uric  Acm).  Tlie  liouid  lUtered  &oin  the  nric  acid  ia  erapon 
«Ter  the  water-batli,  till  a  sample  mixed  with  alcohol  brvomes  permaneqtlj  tnri 
IThe  entire  liquid  ia  then  mixed  with  an  equal  Tolume  of  alcohol,  and  warmed  till 
torbidity  disappeara.  If  alter  some  daja,  a  depoait  forma  on  tlie  bottom  aod  aidra 
ithe  vessel,  consisting  of  cmtalline  nuMca.  which,  when  rectTataUiaed  fnmi  water.  f<i 
Thombic  priims  iasoluble  in  alcohol  and  ether,  having  a  pure  sweetiah  tuste.  and  le 
Jng  DO  residue  when  burnt,  iaoaite  ia  probably  pnaeut,  and  mual  be  Boug1:t  for 
•other  teata.  [For  further  details,  and  for  the  qunntiUtiTe  uul^rHia  of  unimaJ  aubrtan 
-■ee  Lehmann,  Lehrb.  d.  physiolog.  Chem.  2"  AuH.  Leipzig.  1BJ3;  Heinti,  Lrh 
d.  Zoochemie,  Berlin,  18S3  ;  Robin  et  Verdeil.  Tnit^  de  Chimie  auat.  et  phn 
Paria,  1S£S  ;  Oarup-Beaanea,  Anleitnng  xur  aoochem.  Analjae,  2"  Anfl.  Nombc 
18H.] 

AX&I.TBU  (VOKinmTmXO)  of  KZQITXIM  and  SOXJDB.  He  metl 
aaoall;  employed  by  chemiata  to  determine  qnuntitalirel;  the  cooatituents  of  a  ni 
tore,  conaiata  in  aeparating  them  out  one  after  the  other,  either  in  the  pure  slate,  or 
the  form  of  aome  compound  of  known  compoaition,  iind  weighing  the  produrts.  Ev^ 
one  who  haa  occupied  himae If  with  such  aepanitions  knowa  now  much  tiinctliey  uaua 
require  ;  inJi-ed  the  value  of  an  analj'f  leal  re»nlt  ia  very  often  much  leaa  than  that 
the  time  and  trouble  spent  upon  its  determination.  We  ure  indebted  to  the  sa^ac 
of  Gay-Lussacforthe  intiodnction  of  a  new  principle  in  annlj-tical  chemistry,  which 
many  instances  obriates  the  inconvenience  mentioned.  This  consists  in  aubmittinp 
■nbstance  to  be  estimated  to  certun  chararteriatic  reactions,  employing  for  r\ 
reactiona  liquids  of  known  etrength.  and.  from  the  qmintity  of  the  h'quid  employ 
detennining  the  weight  of  the  su^tanceto  be  estimated  by  means  of  the  known  lair 
equivalence.  Let  us,  for  example,  l^?DBide^  the  problem  which  suifgested  to  Q 
Lnssic  the  ides  of  this  method.  Suppose  it  be  required  to  determine  the  lunonnt 
silver  in  ui  aUoy  of  silver  and  copper.  The  older  analytical  method  conaiats  in  t 
tolviuE  a  weighed  quantity  of  tbe  alloy  in  nitric  acid,  precipttatinz  the  silver 
chloride  by  the  addition  of  hydrochloric  acid,  then  filtering,  washing,  fusing,  i 
wei)(hing  the  resulting  chloride  of  silver.  From  the  known  fact  that  chloride  of  nil 
contains  \^f  of  ita  weight  of  silver,  the  amount  of  silver  in  the  alloy  is  calcniat 
The  same  result  is  evidently  obtained  by  preparing  a  solution  of  chloride  of  eodiuni 
known  strength,  ajid  ascertainins  how  much  of  the  solution  is  neceseary  and  aufficii 
to  precipitate  the  ailv^  as  chloride  of  silver  &om  a  solution  of  a  weighed  quantity 
the  ul  oy  in  nitric  acid.  The  weight  of  Ihe  precipitated  ailver  may  be  determii 
from  the  amount  of  the  chloride  of  aodinm  employed ;  beesnse  it  is  known  that  5 
parts  by  weight  of  chloride  of  sodium  are  exactly  sufficient  (o  convert  108  parts 
silver  into  chloride  of  silver. 

The  liquid  reagenta  of  known  strength  employed  in  determinations  of  this  natnt* 
called  "standard  solutions."    The  amount  of  standard  solution  employed  in  sdet 

•  'Uasmnch  as  \ 
«.i]ly  empIoTi 

and  hence  the  method  of  analysis  baaed  upon  (he  use  of  standard  solutions  is  cal 
"volumetric  analysis."  At  first  glauci:'  it  would  seem  that  nearly  all  analyti 
s.othoda  based  upon  weight  mightbetransformnl  into  processes  by  volume,  aain  thee 
of  the  silver  determination  above  quoted.  This  is,  honever.  not  always  possible.  A  re 
tion  to  be  applicable  in  volumetric  analysis  must  satisfy  two  conditions.  (!■)  Itmusti 
occupy  much  time  ;  precipitntiona,  for  instance,  which  take  place  gradually  are  at  oi 
to  be  Fleeted.  (2.)  The  termination  of  the  reaction  most  be  recognisable  with  ease  i 
certainty.  Hence  the  number  of  possible  volumetric  proceeses  la  much  limited, 
the  other  hand  nnmeraos  reactions  inapplicable  in  weight-analysis  furnish  excelli 
means  for  volumetric  delcrminationa. 

It  ia  proposed  in  this  article  to  give  a  short  introduction  te  Totnmetrie  aoalyi 
•nd  for  this  purpose  the  subject  wilt  be  divided  into  three  part*: 
L  Description  of  the  neeeaaary  apparalua. 
II.  General  rules  fiir  the  preparation  of  atandard  so 
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[I.)  a  delicHtf  balance  and  weighta.  (2.)  Graduatid 
Qt  and  pr^iaratioD  of  the  Hlandord  solationa,  A  balanm 
n  of  the  standHnI  Bo1ution«.  and  for  wei[;hmg  the  euli- 
>d  anaJjttful  Imliinw  eipable  of  veLghitig  100  grammM. 
poaea.  To  Diose  who  haTH  many  YoTiimelric  analyaffl  to 
baljince  with  short  anna  is  of  great  oae.  Such  bnlancifl 
ng  than  qui  be  obtained   bj  the  ordinaiy  Ubcralory 

he  unit!  of  weight  aad  meaantv  adopted,  ma;  et  eonrva 
e  French  decimal  ayalem  of  weighla  and  measnrei  oSeTt 
■n  account  of  the  aimple  relation  which  it  eatabliahn 
ind  weieht,  that  ita  employiaenC  in  the  aequel  in  aJl  daU 


atandard  aolntiona  accnrBt«>Tj,  cerrajn  preoautioiM 
w  [iroceed  to  consider  more  particularlj,. 
ponred  out  of  a  vessel,  the  Teaeel  ia,  aa  ia  well  Vnown, 


amall  portion  of  the  aolntion  remains  alwaja  open  the 
el  haa  Wen  long  held  in  an  inclined  position.    Ia  using 
'fore,  be  careful  to  DOte  whether  the  dry  TCaae!. 


i,  holda  Ihe  required  Tolnme.  or  whether  auch  Toliime  is 
en  it  ia  emptied  in  a  certain  manner.  In  the  first  caae 
ited  for  the  contents ;  in  the  second  fop  delirery 
;  off  ia  pcrformpd  hy  bringing  the  eve  and  the  sorface  of 
line,  and  noting  what  diriBioa  of  the  volametric  instm- 
id  surface.  Now  aqueous  Hquida  which  are  enclosed  in 
ys  show  a  concave  surface,  which  is  the  more  atroiiplj 
leL  But  a  ciirred  aurfiice  ia  of  eonne  opposite  to  inn'ig 
a  order  [o  avoid  the  ambiguities  which  are  heie  intrr» 
adiog  off  most  be  invariably  adopted.  The  following 
!  best.  A  small  piece  of  black  paper  ii  fastened  a  few 
of  the  liquid  by  means  of  a  cacistehouc  ring ;  the  inRlni' 
rtly  vertical  puaition,  one  eye  is  closed,  and  the  othei 
30,     The  meniscus  then  appean  b^  transmitted  tighl, 

black  line,  by  means  of  which  it  is  easy  to  see  with 
former  coincides  (see  Anu.tsis  of  Oasbs).  In  order  to 
:  the  eye,  the  meaincuB.  and  a  diatant  horizontal  line,  of 
le  eye,  are  either  brought  into  one  horimnlal  line,  or  Iha 
t  distance  before  a  vertical  atrip  of  miiror.  aad  the  eye 
1  that  the  itaage  of  the  pupil  and  that  of  the  aeuiK'US 
lible:  the  scale  ia  then  read  off 

the  volume  of  every  body  varies  with  Ihe  temperature, 
IviaioDB  an  a  meaaure  for  liquids,  as  well  aa  tlie  strength 
iticable  for  one  temperature  only.  The  eipansion  ot  the 
ly  be  always  negiecled  in  volumetric  analysee.  A  kIms 
>lds  a  hter  at  l&'  C.  contains  at  15°  ±  10^,  one  litre  + 
;  oaly  Che  ,^  of  a  litre.  The  eipansion  of  liqnida  ia 
to  sicfount  in  exact  eaperiments. 

inded  to  when  volumetric  inalruments  are  to  be  gradnalpd 
rater  which  they  hold.  In  this  case  the  correction  fbr  the 
a  not  the  only  one  to  be  made.  Since  one  granuse  is  by 
ofone  cubic  centimetreof  water  at  +  4°C..  the  rolamp  of 
.c  is  never  expressed  by  the  same  numlier  a«  its  a/rparmt 
■  i°C.  There  is  of  course  ao  necessity  for  employing 
volumetric  analyses :  but,  aa  everything  cnnnectcfl  with 

be  as  precise  as  possible,  i 


ANALYSIS  (VOLUMETRIC) 


0 

1 

1^ 

^ 

E 

'  1  M  M  '"  1  "  1  " 

"1 ' 

I1^ 

Ill|     113 

lit 

i.,« 

,-,l       ,-I7|,-»|l«|,« 

,-„l, 

16 

IB 

T^ 

" 

91 

a 

n 

1> 

- 

" 

« 

« 

in« 

- 

^n 

.» 

MJ 

»'I7 

1J9 

»S» 

a-aa 

,1. 

.» 

iSl 

.-> 

- 

When  tLe  baromeUx  stands  at  7Q  ±  n  i^atioL,  CTeiy  f  ii  to  be  repUiwd  bj 
0-OU  n.  The  Tariationa  of  atmoiphpric  prpsture  maj  however  be  D^ectsd,  oi 
a  Teij  great  degree  of  eiactaeu  is  rfquireiL 

If  the  itreogtli  of  a  etandard  resoluCian  is  known  far  one  temperature  tlie  Btc«i 
eorreapODding  to  another  temperature  can  onlj  be  calniluted.  if  the  rate  of  eipan 
V7  heat  of  the  liqoid  ia  known.  It  would  lead  lo  entirely  wrong  results  if  snch 
culalions  were  founded  on  the  luiawn  eipaaiiian  of  pore  woti^r,  as  experiment 
■bown  that  even  weak  solutions  of  sails  and  acidA  expaud  far  more  than  ■ 
(see  Qerlach  "Spedfische  OewIcbt«  der  Saiildaangeti,  &e.,"  Freibeig),  As 
M  the  eipaiuioa  of  the  eoramonl;  imed  standard  Dolutioaa  is  not  d^ectly  di 
laiaed,  it  is  sdrisahle  to  estimate  the  strength  of  such  lointions  not  onlj  b;  Toll 
but  also  br  weight,  which  is  easily  done  bj  weighing  a  known  volume  of  the  li 
inmediat^y  after  its  strength  has  been  determiaed.  The  ratios  of  tlie  Vfiffkl  ot 
solution  to  the  weight  of  actire  ■ubstancea  ia  It,  is  of  course  iodepetuleni 
temperature, 

'  It  is  a  matter  of  course  that  sueh  conectians  are  appropriate  only  where  Uie  et 
bom  other  sonreea  are  not  greater  Uiaa  the  correctloaa  themsiilTea. 

We  maj  now  proeeed  to  describe  the  separate  instruments. 

1.  Pipetttt. — Olass  Teasels  of  forms  shown  io  figi.  4U*  aod  41.  prorided  with  ■  li 
nark  upon  the  narrow  neck,  and  which  are  only  graduated  for  deliTety,  Id  Ui 
them,  they  are  filled,  at  a  little  abore  the  mark,  b^  auction,  and  then  doeed  aboTe  i 
ike  forefinger  of  the  right  hand.  The  lover  point  is  brought  in  contact  with  a 
piece  of  gUas;  the  liquid  is  allowed  to  flow  oat,  by  very  geutle  displacement  of 
finger,  as  far  as  the  mark ;  and  the  fin^r  it  then  remorni,  lo  allow  iC  to  ran  rat : 
the  vessel  employed.  The  drop  of  liquid  in  the  point  of  the  pipette  is  to  be  k^ 
exactly  the  same  conditious  as  daring  the  marking  of  Che  pcpette;  i.t.  it  is  et 
totally  ueglected,  or  it  is  partly  removed  by  holding  the  point  aeaiust  the  wet  sidf 
the  glass,  or  it  is  to  be  blown  out  entirely.  If  the  same  method  of  AramatioD 
always  bithfully  followed,  we  may  aaeume  that,  with  all  thin  liquids,  equal  T(4n 
remain  adhering  to  the  atden  of  the  TeaseL 

It  is  ooDvenient  to  be  provided  with  such  pipette  conlaialng  100  cc,  GO  c.e..  20 
10  c.c,  and  S  0.1.  f  ipetle*  of  10  and  A  tc.  may  conrenienlly  have  tie  form  f^fiij- 
lariier  ones  the  formofj!jr.4l)*.  It  seldom  happens  tlut  we  have  to  make  pipett>«  i 
selves,  aa  tbey  may  be  bought  at  a  low  price;  but  tliey  should  always  be  Trril 
This  is  easily  done  by  filling  them  with  water  of  a  known  temperature,  pooring 
iato  a  tared  flask,  and  weighing.  The  volume  of  the  water  may  then  be  found  t 
it*  weight  by  means  of  the  table  above  given. 

2.  PipilU*  which  are  d'  "   '  "         '     -  - 
delivery.    It  is  sufficient  u 
and  several  of  2  (o  3  ixc.,  divided  into  ^  c.c,  {fig.  43). 

3.  Ftatii,  graduated  for  the  contents  (Jii.  ii).  in  various  sises,  from  ^  litre 
f  litres.  They  may  be  easily  made  by  makiug  an  arbllrazy  mark  upon  the  necb 
the  flask,  and  then  measuring  the  volume  by  pipettes.     It  ii 


the  contained  water.  It  is  convenient  If.  bnt  not  absolutely  necesMan  that,  the  tdIdi 
of  these  fiasks  should  be  whole  nnmben.  sach  flsaks  being  used  only  far  the  prep 
tion  of  standard  solations, 

4.  Fci  measuring  the  liquids  need  in  an  analysis  the  buretU  is  moat  geoeri 
employed.  This  is  an  ingenious  Inatrumeat  invented  by  Oay-Luasac  Upon  a  g 
tabs  (Jig.  4fi)  about  18  — 18  mm,  wide  and  30  centim,  long,  a  narrow  tube  issued  a 
carried  up  cloie  along  the  wide  tube  to  about  2  ctm.  from  its  upper  end,  and  tl 
(at  c)  bent  and  cut  off  in  the  manner  shown  by  the  fljrnre.  The  divisions  of  J 
begin  about  one  ctm.  below  r,  and  theinstnimeDt  isgmdualed  "  for  delivcrv."  In  ni 
the  burettf  it  is  washed  out  with  some  of  the  staudard  solution,  then  tllird  to  0  : 
point  c  is  slightly  greased,  and  the  required  quanti^  of  liquid  is  poored  out  of 
narrow  tulx>. 

After  lume  pRi..'tice  it  is  cnsy  lo  allow  the  liquid  to  flow  out  either  in  a  strt 
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rt  DDtbe  TMdafTbcbretheiiufiieebu  attained  a  roiwtani 
itbndtro  may,  after  MiMpntetiM^  be  Mmly  judged  of  bj 
to  half  cnbie  cestinietra.  It  a  armwow  to  nippoae  tha 
T  employing  nanover  tnbe&  lie  gain  in  Mconcy  An 
'  the  diTinom  ia  lost,  beeanae  in  narrower  tobea,  Uu 
wd,  and  the  qnantitj  ^  liquid  adhering  to  the  aideB  ii 
the  dimmaioQi  given,  cDalwna  SO  to  SO  t-C,  an  amonn 
t  analyaM :  Uner  bmttea  are  iDconreoient.  If  mon 
«d  in  BDaljaia,  the  grrateet  portian  ia  meanmd  off  in  i 
□dec  added  from  the  bniette.  In  eaace  where  gnata 
be  attained  by  the  burette^  tba  Utter  ia  replaced  by  tin 

lay-Luaaae'a  borattc  a  aimple  divided  tube  {fig  46),  [co 

Fig:  40»— 47. 

4S. 


■  wire.  Where  a  gnat  uumber  ol 
[ohi'a  burette  ia  much  to  be  preferred  ta  Oay-Lnawc'a 
erer,  where  a  greater  divenrity  of  analywe  ooenr,  the  oU 
aj  caontchooe  it  acted  upon  by  aome  aolationa  whieli 

te  ia  perfbimed  either  by  tie  balance  or  by  the  pipettei 

\dard  Solutiom. — Standard  aolntioiu  mt^  be  divided  inli 
prepared  by  weighing  a  aubatance  of  known  composition 
a  eertain  ToHme ;  (S)  neh  aa  are  prepared  by  uproii 
t  exact  aDalyms.    The  prepuation  of  the  fliM  kind  !*■ 
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qtiirea  no  ilwciIptJon.    The  prepamtion  of  the  Mcond  mxj  be  eSMcd  bj  4  kind 
■aeoeasiTe  appniximktioii,  vhic!i  a  best  dneribed  bj  on  eiampla, 

Let  it  l>e  reqoirad  to  prepare  a  Btandud  aolatioii  of  mlphariB  add  ooatuniiii 
grammeg  of  hjdratd  of  anlphiiric  acid  SO'H*  in  I  litre.  Tbe  table  givea  bj  Binnu 
tlie  relation  between  tlie  epedSe  gnrit;  and  atrength  of  lutpbnhe  add  aSbrds  the  b- 
meaaB  for  detennining  (be  itrengtii  to  the  &nt  i^iprazinuitioD.  Ptim  nolphanc  ai 
i^monobfdnLta,  SCfH^  u  diluted  with  aboat  ita  own  weight  of  water;  Uie  mixtiire 
allowed  to  cool,  and  ita  speciflc  grantj  ii  qnickly  and  accnratelj  detentuned  hj  ratvn 
inglOO  cc  in  a  pipette,  weighing  thia,  anddiridiDg  the  weight  (in  gTamMea)bj  lOO. 


to  tbs  leault  of  thi*  determination  «jtirj  -  100  ••  j  gnni.  of  the  aolDtioa  an  • 

luted  with  water  np  to  1  Utze.  From  Smean's  tabU  (eee  Smrsuaia  Acm)  t 
■pedfic  graTitj  (S)  at  the  Tsqnired  aolution  may  be  nen.  To  eTerf  q  gnns.  of  ac 
1000  S  —  q  —  vj  gmomaa  of  water  hare  to  be  added.  An  analTUj  peribrmed  «i 
thia  miitnce  generall;  ahowt  thkt  it  oonlaini  n^  t  but  I'  grma.  in  I  litre.  Two  cw 
are  now  poaaible : 

(1)  I'  la  greater  than  I,  It  ia  clear  that  the  qnandtj  <■  of  (alpharic  add  eontain 
b  1  litre  it  mfBdeot  for  -1  -  (I  +  A)  litn.  With  ereiy  1  litre  of  the  mixta 
Alitn  of  water  moat  be  mixed,  in  order  to  bring  it  to  tlie  right  atrength.  (2)  t' 
leuthaat.  From('gima.ofaa]phliricaddon]j  —  —  (1  —  A)  litre  of  atendard  sol 
tion  can  be  formed.  Hence  I  litra  of  onr  mixture  may  be  regudaS  u  a  taiztiire 
(1  —  A)litzeofrightatandardsolntionand  Alibeof  water.  Hence  to  erery  litre  oft 
Bolntion  aa  much  of  the  acid  of  p  per  cent,  moat  be  added  aa  ia  anffident  to  focm  t. 
right  etuidard  Bolution,  with  A  of  litre  water  i  and  noce  by  mixing  ;  gnna.  of  the 
per  cent,  add  with  w  gnna.  of  water,  we  had  obtained  a  mtltnra  of  aeailj  the  rig 
atrength,  it  followa  that  the  qoantit;  of  itrong  add  irtiich  muat  be  added  to  trerj  tit 

ia  I '■ —  ;|  grammM,  neglecting  an  ernir  which  need  not  be  conaidered,  if  A  ii 

amull  fradaon. 

After  perforsiiag  theae  operationa,  we  moat  determine  by  exprriment  how  neai 
we  hsTB  arrived  at  tbe  required  atrength,  and,  if  neceaaaiy,  make  a  aecond  « 
rection.  If  the  corractiona  required  are  great,  it  will  be  almoat  inTariably  foun 
on  perfoiming  the  analjais,  that  the  strengUi  required  has  not  been  exactly  attaint 
however  cerdiill;  the  mixture  of  the  liqoida  may  have  been  mads.  Tbii  ii  the  ca 
OTen  If  the  abOTe  deecribed  approximate  eyntheeiB  ia  replaced  by  a  theoretically  eii 
one,  Uiis  cause  of  the  inaccoracj  being,  that  in  the  meaaurement  and  mixture  of  lar 
qoantitiee  of  liqnida.  small  errors  of  meaaurement  and  loeae*  are  difficult  to  aroid.  u 
that  the  contractioQ  of  the  mixture  haa  been  neglected.  If.  on  the  other  haad.  t 
(olntion  to  be  corrreded  ia  already  ao  nearly  right,  that  ita  atrength  differs  by  on 
1  or  2  per  cent,  from  that  which  ia  reqoired,  the  result  will  be  aatiabctonr,  eren  if  t 
Tolume  of  the  liquid  taken  was  only  approiimatdy  determined,  proTideO  the  asalyi 
was  performed  accuratalj,  and  the  measuremeiit  of  the  amall  qnantitiea  of  water 
acid  which  were  added,  were  made  with  Bofflcinnt  care. 

If,  for  inatAnce,  we  coneider  the  caae  (1)  and  asanme  that  the  Tolnme  of  the  add 
be  eorredsd  wsa  found  to  be  n  litres,  while  in  &ct  it  waa  n  (1  +  a)  litns.  the  qua 
ti^  of  water  to  be  added  would  then  be,  not  n  A  litrea  but  a  A  (1  +  a).  Tb»  resultii 
volume  ofthe  mixture  would  accoidiztglybetoo  amall  bjn  A  (1  +  B)~nA>^«Aa. 
for  inatauce.  It  is  found  that  a  ^  jg,  muchae!domoccan,ifmoderate  ear*  is  employe 
and  A  ■>  Ag,  then  the  volume  of  the  mixture  would  be  n  nis  I'''*"  *""  iniall,  ai 
conaequentfy  tbe  amount  of  sulphuria  add  in  1  libe  would  be  too  large  bj  about  (j 
of  its  sctosl  quantity.  Similar  conaiderationa  are  applicable  to  case  (3),  and  lead 
tbe  ooDcluaion  that  in  tbe  preparation  of  large  qoanlUieB  of  liquida^  acomdlng  to  t 
method  jnat  described,  large  meaasres  aecniaUJy  divided  are  not  neeeaaaiy.  Such  pr 
ceaaea  are  oonvenientl;  p^fbrmed  in  large  eylindriml  bottle*,  which  are  dirided  din 
the  aids  with  divitioiia  correapondiog  to  entire  dedlitrea.  Aa  the  li^d  in  soch  ciu 
ia  not  traiuferred  bom  one  reaael  to  the  othv  till  it  ia  quite  prepared,  loaa  is  tarn 
•voided. 

The  strength  of  •  aolotioD  ia  best  noted  by  giving  the  number  (<•)  of  pvmn 
ktoma  of  the  tain  tubatance  which  it  eontaina  in  1  libe.  By  "gmnme-atoa 
we  underrband  ■  nimiber  of  grammes  equal  to  the  atomic  weight  of  the  aubstai] 
(H  —  1),  ttor  inatanee,  108  gnmmee ailver,  38  Iron,  SS-S  chlorine,  kc  It  ia  dearth 
■tu  Mkolaiiona  an  hereby  timpMed.     ForinstsMx^  1  litie  of  aolntionof  attrer,  co 
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I  gnu.)  at  lilTer  ez£ctlj  predpitatea  k  h  3S'3  gnn*.  of 
omine,  h  i  127  gnns.  i^  iodine.  It  b  &l«o  STi&it  tlimt 
b^  ■nddiig  n  s  small  number.  If  it  can  be  done  without 
Tisable  ao  to  a^iuat  tlie  ibength  of  the  ctandanl  adntion 

see  that  the  atsadord  Bolntioiuahoald  remain  of  conitanl 
idition,  the;  muat  be  carefullj  protected  £:om  er^xmlion 
Large  qnantitica  nu;  be  pmerred  in  bottlea  of  1  or  S 
I  well  graond  stoppeiB.  Bottles  which  are  not  in  dailjr 
Aayjmt  gmaaed  and  bound  over  with  bladder  or  abeat 

ait  iajurlant  Futtimetrie  prooata  hUhtrta  rniplej/4d. — 

■  methoda  hitherto  diacorered,  thoae  oulj  are  of  geoeisl 
rhieh  the  annljna  of  ■  wbolc  Hriea  of  bodies  can  he  made 
oodard  nhitiona.  Thaaa  alone  will  be  more  particnladj 
id;  methods  applicable  in  apecial  eases,  reference  mnat  be 
if  this  work, 
ma;  be  elaaaifled  M  fbilowa,  acootding  to  the  principle* 

MI, — The  qnantit;  of  the  aubstiince  to  be  determined,  ii 

;ent  reqnitid  to  spparate  it  out  in  an  imolnble  state. 

— The  qnantitj  of  a  base  or  an  add  is  measured  bj  the 

■b  is  necessary  to  convert  it  into  a  neutral  salt. 

i«d  Raiuctvm. — The  quantity  of  substance  to  be  deler- 

itj  of  chlorine*  brDmine*  iodine,  or  o^gen  to  which  it  is 

lant).  or  by  the  qoantit;  of  chlorine,  bromine,  iodine,  or 

lass  &Dm  a  lower  to  a  higher  stage  of  oxidation. 

ITIOR. — Of  the  nnmenms  methods  belooglng  to  lUs  divi- 

loee  onlj  which  depend  npon  the  insolnbilitj  of  the  com- 

lalonns  (chlorine,  bromine,  iodine,  cyanogen). 

acid  lolDtion  of  a  chloride,  bromide,  iodide,  or  cyanide, 

itrate  of  silver,  it  is  well  known  that  an  insolable  chloride 

predpilated,  while  a  nitrate  remains  in  aolutian.    For 

•As  +  ON*  -  dig  +  NO-Na. 

hare  the  common  propertr  of  (bnning,  on  violent  agita- 
pidl;  anbeldes.  Hence  it  is  possible  to  recogcisa  etactly 
dpiCstiDii  is  completed.    The  reactioni  mentioned  may, 

the  one  hand,  to  determine  chlorine,  bromine,  Ac,  ^ 

Dlution,  and  on  the  other,  to  determine  silvsr  by  standard 

lea,&c 

rfcmunnfiiiH  of  SydroeUarie  Add  and  Chioridtt. 

in  the  form  of  foil  <a  wire. 

tXe)  containing  A  gramme-atom  (lO'S  gnu.)  ailrer  in 

d  by  disBolring  id'S  grm.  of  silver  in  ezcea*  of  nibrie  acid 

itom  —  I'OB  grm.  silver  in  1  Ltn. 

if  sodium  ofX  gnn.-atom  (—  6'8S)  in  1  litre. 

'  fosed  chloride  of  sodiam  is  dissolved  in  vater  and  diluted 


.   .  [  dilute  to  1  litre,  giveBaceorditigly  tbestandard 

Intion  nDjt,  if  properly  prepared,  be  exactly  equiTalest  to 
most  never  n«lect  to  by  whether  this  is  real^  the  cms 
ed  below,  and  if  neceaaary  to  make  the  proper  cometions. 
i!  aodinm  contunin^  ^  gT]ii.-atom  in  1  Htm  —  0'S8S  grm. 
ide  of  silver :  this  is  obtaizied  by  mixing  equal  tdIusim  of 
isly  and  pouring  off  the  clear  liquid. 
tit. — Let  US  at  flist  astome  that  we  have  an  approximato 
f  ohlorine  in  the  substance  to  be  examined.  In  this  MM 
Inced  into  a  bottle  of  clear  glass  with  a  wetl-fltting  atojipei; 
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rat«i  or  nitric  idd,  and  Uie  pterimul*  ealculkted  qn&ntitj  of  itn 
ulotioD  of  lilver  (S)  i>  udded  from  a  pipette.  The  qnuiCit;  of  tabstBucf,  and  tl 
of  the  Wfttcr  emplojed  in  ila  aolatioa  or  dilation,  are  Co  be  no  Uken  th>t  100  c.t 
Uie  miituiv  may  eontiun  01  gno.  to  1  grm.  silter.  uid  lesa  thim  about  3  gnu.  of  ' 
disBolTod  ult  If  a  mixture  bu  to  be  eiamiaed  irhich  ia  poor  in  chlorine,  this  n 
tion  ii  DO  longer  possible.  In  rach  caaet,  eDongb  freshly  precipitated  chloride  of  al 
(8)  mut  be  added  to  bring  the  qoantity  of  eilTer  preeent  np  to  that  msotioaed.  So 
qoaiititiea  of  aUvec-precipilatea  diiiaemmated  through  much  liquid  do  not  evinca  tl 
adherence  sad  consequent  tendency  to  sabudeaee  fntich  is  nocmsaiy  for  the  accur 
perfomunce  of  this  mode  of  analysis,  Solotioiis  vhiefa  ai«  poor  in  chlorine,  nieh 
mineral  waters,  most  be  concentrated  l;  eTsporation  {ffevioiu  to  snalysja.  It  is  s 
advisable  in  such  ca>»  not  to  amploir  a  standard  solntian  of  silrer,  bot  to  «e 
metallic  lilTer  and  dissolie  it  in  a  minimmH  of  nitric  acid. 

The  mixture  obtained  as  above  is  nor  to  be  Tiolentl;  and  oontumously  ihakcn, 
it  has  lost  its  fint  milky  appearanoe,  and  forms  a  miituni  of  cordy  chloride  of  nt 
in  the  midst  of  a  elear  lolDtion.  A  apeadj  clarification  is  eridence  of  an  mi'W 
ailver ;  slaw  saboidenoe  indicsta  the  mene, 

As  aooQ  ss  the  chloride  of  silver  hss  snfficjcntly  snbuded,  |  cc  of  lOoiig  atdnt 
of  silver  most  be  added,  in  order  to  determine  whether  chlorine  ia  still  pmant  in  1 
BolQtion.  If  no  precipitation  occun.  the  ^  cc.  silver  solntion  ia  oentnliaad  bj  1 
addition  of  1  ce.  salntioa  of  chloiida  of  aodinin  ;  the  liqnid  is  then  shaken,  and  }  i 
of  eolation  <n  chloride  of  sodiom  being  sdded  shoin  whether  ailver  is  in  solaltoo.  1 
us  assume,  for  example^  thst  the  addition  of  the  chloride  of  aodiom  has  shown  1 
presence  <^  silver  in  oonsider>bIe  quantity.  The  amount  of  solution  of  chloride 
sodinm,  which  is  exactly  equivalent  to  this,  cannot  of  conrse  be  known ;  but  in  en 
ease  we  are  cnre  of  the  existence  of  aome  maximnm  value  (V  cc)  which  oertau 
indndef  it  ^  &&  of  eUoridaof  Mdiamsohitioiii*  then  added,themiztai«isshBk 
and  }  &&  of  Um  same  solution  beii^  added  shows  whether  the  precipitation  with  < 
flnt  qnanti^ was  complete  ornoL  In  the  first  cssc^  -  Cb  of  bUtct  ate  added; 
the  second  -  &c  of  chloride.  In  both  cases,  the  completian  of  the  precipitatiaa 
tested  by  the  addition  of  }  cc  of  test  solution.  Bj  oontinuaU;f  ftdding  half  i 
poaidble  """■""'"  of  the  nsceaui;  reagenta,  «e  soon  sRive  at  a  point  when  leas  tl 
I  ce.  of  one  of  the  two  aalntions  is  present  in  excoe.  When  this  point  is  arrived 
cubic  centinielne  are  added  singly  of  the  weaker  (jj.  atomic^  eolations,  ontil  tbe  1 
cubic  oentimebs  leaves  ^le  liqnid  quite  clear.  This  ust  cc  is  not  at  all  cMlsider 
and  the  one  preMding  it  is  considered  only  of  the  value  of  }  t.c  In  this  way,  a  na 
■aobtaioed,UMaTtir  ofwhidiataTeepouda  to  leas  than  Jce.  of  the  weak  standsidsa 
tion.  Itiseasifyseen  that  a  systematic  noeednre  like  that  given  is  quite  saimtial. 
rader  to  arrive  qnicklj  at  a  resolt ;  by  pfinlnM  addition  of  standard  solutionsh  we  s 
lose  much  time  without  ifriving  at  any  reenlt.  As  long  as  ^  atomic  solutions  sie  add 
it  is  ■•^ucdy  necenary  to  wait  for  a  complete  subsidnice  of  the  preeiijitate  previou 
formed.  The  white  doudv  freshly  precipitated  chloride  of  turar  is  easily  diet 
guished  from  the  previaualT  precipitated,  violet-iwlonred,  and  cosgnlated  chloii 
As  soon,  however,  as  we  begin  to  w<nk  with  -^  atomic  solutioiis,  we  must  always  « 
for  the  eom^te  clarification  of  the  liquid  b(3ore  adding  a  fresh  quanti^  of  aolnti 
Weak  neeipitations  an  bast  seen  bj  holding  the  vessel  against  the  light,  with  a  p 
of  blsa  paper  obliquely  behind  it.  The  precipitation  can  be  considered  oomplete  o 
when  the  iMt  cubic  centimeb«  of  solution  gives  no  more  turbidity  alter  |  to  1  minu 

Those  who  make  inch  analyses  fbr  the  first  time,  will  do  wsU  to  place  in  ten 
flMka  some  chloride  of  silver  (6)  and  100  cc  water,  then  udd  to  the  several  fls 
},  },  1,  2  milligramnua  of  silver;  shake,  and  after  subsidence  sdd  to  each  flaak  1 
of  the  ^  atomic  solution  of  chloride  of  sodium.  By  this  mesjis  the  jndgmenl 
greatly  assisted  in  the  anbaeqaent  actual  reactions. 

Experience  has  shown  that  it  is  not  expedient  to  work  with  less  tlisn  |  gtv- of  ml 
at  once,  and  that  no  greater  accuracy  is  obtained  by  adding  less  at  once  than  1  e.t 
ths  j^  atomic  solntjon;  the  terminatioD  of  the  reaction  is  thereby  onljTendend  n: 
indistinet 

If  it  be  desired  to  sirive  at  the  utmost  accuracy  in  sooh  determinations,  a  aeo 
analyais  may  be  made  by  dissolving  I  grm.  or  more  of  nlver  in  nitric  acid,  adding 
qnantily  of  substance  necessaiy  tor  its  precipitation,  at  fbnnd  from  the  previ 
analysis,  and  completisg  the  predpitstion  bv  means  of  the  ijj  atosuo  solution.  ' 
detenmnation  of  atomic  weights,  performed  in  thia  way  by  Marignac  and  Psloi 
•howiio  what  great  sccuracy  the  process  may  be  brought. 

It  hss  been  hitherto  assumed  that  tbe  amount  of  chlorina  u    ' 
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I  Dot  tbe  cass,  the  d(ifliut«  deteraunition  mnrt  be  pneeded 
it;  at  the  labitutee.  The  more  ezMt  neh  tiul  i«  madc^ 
nuaca  of  the  final  detenniutioiL 

Jtljna  ii  Teij  simpls.    The  niunber  of  stoma  of  nlTor, 
■lonu  of  ehloride  of  •odium,  added  ii  itaudaid  lolntiai^ 
aiiM^laBm  eontained  in  tba  ■abataae& 
d  Ibr  cUoiilie  a  applicable^  mutaiu  muUmdU,  to  hromiit^ 

ij  from  tha 


I  named  basea  Toim  with  itmng  adda  an  withoat  action 
iat  ezceea  of  acid  or  alkali  ia  inunediatal;  detected  hj  iU 
^table  oolour. 

oiu  mowworioiufc  a/iodium.  If  Qua  aalt  b«  kept  ready 
Iwaya  be  ignited  befine  nae.  Carbonate  of  aodiam,  fliaed 
caat  in  daba,  ia  leaa  hjgraaoopic,  but  ita  nae  moat  be 
ihown  that  carbooBte  of  aodtnia  Icaea  on  fming  a  ooa- 

ydrocUoric  acid,  aODtaioing  neailj  or  axactlj  SO*  1  gna*. 
ia  m^  be  prepared  in  aeroal  Taja. 
ia  to  determine  the  apeeifie  gnn^  of  a  aample  of  eon- 
add,  dadnee  ita  Mnogth  bj  means  of  Ure's  tablet  (••• 
)KLOMira).add  the  proper  amount  of  water  and  determine 
of  ailTer  Mlntio: 


bjm 

loa«  tttength  ia  qiraoximatelT  known  from  ita  fpedfle 
:  it  contai^  aa  near);  aa  can  be  tfftdad  by  tliia  meanl, 
1  liquid  so  obtained  be  qnicUy  boiled  in  a  narrow  neded 
tct  with  platinain  (not  in  an  open  basin),  a  ti 


SbBTometiic  jtreasoTB, 
on  this  aalQect  br  B 


™ 

0-73 

0-71 

0-75 

078 

0-77 

0-78 

07B 

ao'3o 

!0'28 

2026 

30-3* 

30-33 

20-20 

30-18 

.  when  the  barometer  stands  St  abont  OTfl,  the  peicenta^ 
tg  gireat  error,  betaken  aa  3lh31.  ISO'S  gima.  of  such  an 
nltoSe-figr.  ofHCL 

-ic  add  of  known  Rpeciflc  grmiity  is  »  far  dilated  with  watra 
Lhan  Se-e  ^.  HCL  In  a  measured  ijnantity  (Fee.)  of  this 
dinwlTBd  IB  the  cold  in  the  proporbon  of  S3  millig^smmes 
A  few  gramines  of  mJphiita  oiF  ■odium  an  then  addod, 
jmel  the  carbonio  acid.  The  sulphate  of  sodinm  is  added 
jdrochlorie  add. 
ntaina,  beaidea  the  nentral  salts,  only  the  excess  of  add 


ilnbr  lilTef  hu  neeetLf  ban  li1THtL|ar«l  b;  Vuldar  (■■■Huldei 
Iv'ipEls  bal  Wslnr).  Ht  hu  ibHlfl  the  lln^lir  obMrvtUon,  thU 
iIUh  of  A|  ud  NlCI-uluttoD  flm  linclriutH  will  kM  Tiri(«iil 
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vbon  ^ouititj  lus  to  be  ditcnniDcd  to  onUr  to  find  the  Etrrngtb  of  ov  ta^ic 
yoi  ttui  pnrpon  the  mixton  ie  coloured  atightlj  red  with  Kilation  of  litaiu,  >i 
■u  Brbitnnlj  dllnt#d  camtic  sodk  eolation  ia  eddM  while  the  liquid  ij  bo^  till  tlie  U 
drop  CMJwe  k  decided  Uae  CoIoof  (without  miitnre  of  Tiolet).  The  qnaotity 
•oda  ((  ce.)  required  to  produce  the  ^ect  i>  noticed.*  On  the  otlier  heiM,  s  u 
Tolume  (v)  cc  of  the  taet-ecid  ie  meaenred,  and  in  exactly  the  eame  naantx.  I 
gnantily  If  cc)  of  cauetiG  soda  reqniied  for  its  nentraliaaticm  ia  detomined. 
Ftotn  Uie  lift  teat,  we  hare  tdaai  that  1  ce.  of  the  ubitnrilj  diluted  aoda  ie  eqi 

talent  to  ,  of  onr  acid.  Hence  we  had  prerionsly  added  j/VCe,  more  at  thie  ai 
than  ia  ne«e«ai7  for  the  neutraliaation  of  (^  63  miligrm.  of  carbonate  of  aoda,  i 
(V  —  .jlce.  of  teat  add  would  haTe  ozactlj  aulBced  to  nentnliae  the  wd^ 
qnantitj  of  carbonate  of  •odium.    I(  accordingly,  we  dilnte  |  T  —  3')  cb  of  acid 


na/ l_-\36-6lii 


3.  Tett  aalpkvrieacid.—lt  ia  not  neoeMai;  to  haie  this  u  well  ae  the  hydrochla 
teat-add.  NeTerthdeee  it  haa  otct  the  latter  the  impartant  adrantoge  of  being  who 
non-ralatile  when  boiled  in  dilate  eolntion.  It  can  be  [ocpand  according  to  I 
method  deecribed  for  hydrochloric  add  nnder  (e). 

4.  li»l  Catutie  mda,  which  11,  Tolome  for  Tolanu^  exactly  or  neaily  eqaiTal^it 
the  tMit-add.  Gorbonata  of  aodiom  ia  rendered  cauatic  in  the  oxdlnary  manner,  a 
■o  far  concentrated  that  the  re<)nieile  atrenfth  ia  nearly  attained.  A  amall  qnanta 
more  of  milk  of  lime  ia  then  added,  the  liqaidallowed  lo  cool  (the  air  being  e^odf 
and  the  dear  liquid  drawn  off  by  a  eyphon.  For  the  exact  determioatioa  of  ita  •trengl 
SO  c.c  teat-add  are  poured  into  a  porcelain  baain,  a  few  iroft  of  Htmiia  are  addi 
and  then  the  aoda-aolutioD  ia  poured  in  from  a  burette  till  the  oolour  begina  to  deqx 
A  dedded  reaction  ie  recoTn«d  by  addition  of  1  cc.  of  teat-sdd ;  about  2  snna. 
iulphate  of  aoda  are  then  added  (if  bydrodiloric  add  ia  bdng  emphned) ;  the  Uqnid 
heated  to  boiling,  and  eoda  ia  again  poured  in,  till  the  Ugud  exhibita  a  diMJnot  bl 
colour.    The  calculation  of  the  result  requitea  no  explanation. 

6.  Solution  qf  Litmut. — Powdered  Utmua  ia  digested  in  tho  odd  with  twenty  tin 
its  wdgbt  of  water,  the  solution  filtered,  and  ao  exactly  aatanted.  that  1  ce. 
the  Utmua  solution  dilnted  with  about  100  cc  water,  ia  turned  deddedly  red  by  ^  c 
of  test-add,  and  decidedly  blue  by  the  same  quantity  of  teet-alkalL 

Acidimctry. —  Free  acida  in  aqueous  aolutions,  if  theae  be  free  ttom  magnw 
alnmina,  and  Uie  heavy  malals,  and  are  not  deeply  eoloured,  may  be  determined  ii 
manner  which  will  be  sufBdently  dear  from  paragraph  4.  If  hot  solatioDS  are  ns< 
the  cauatic  eoda  may  without  mjui;  contain  a  little  carbonic  add.  But  if  we  i 
compelled  to  work  in  the  cold,  in  consequence  of  the  presence  of  salts  of  smmonis. 
because  the  add  to  be  determined  cannot  be  pT«ien(ed  from  evaporating  by  sdditi 
of  lolphate  of  soditim,  caustic  soda  muit  be  employed  which  is  almost  perfectly  t 
from  carbonate.  But  even  in  such  caar,  the  termination  of  the  reaction  ia  not  ao  eaa 
tecogniaable  aa  when  the  eolation  ia  warm.  It  is  beat  detected  by  dropping  in  I 
•oda  rather  quickly  and  without  intermiaaion,  till  the  liquid,  altor  stunng,  reauu 
diatinctly  blue  for  some  leconda.     Tbe  gradual  change  of  this  colonr  to  nolet  ii 


action  of  caibooic  add  upon  t 
ncli  aa  the  organic,  the  same  exactitude  of  reaction  ia  not  obserred  aa  oceuia  in  t 
determination  of  aulphuric,  nitric,  hydrochloric,  and  other  strong  adda.  It  moiFt 
also  noticed  that  many  substances  somewhat  modify  tJie  blue  oolonr  which  ia  t 
eriterion  of  completed  reaction.  In  preaence  of  many  anbslaneea,  mch  aa  ammcmiai 
lalta,  &e.,  the  change  of  colour  from  red  to  blue  does  not  occur  so  qoicUy  and  dedde< 
aa  when  these  substances  are  absent ;  and  in  a  few  instances,  as  irtien  acetic  add  ia  p. 
wnt.  the  reel  point  oF  saturation  ia  not  reached  until  aft«r  the  change  of  colour  haa  lak 
place.  In  order  to  render  the  analysis,  in  lueh  caaes  aa  these,  aa  aocniste  aa  poeail] 
It  ia  adTiaable  to  make  a  control  experiment  nnder  the  same  conditions  as  occur  in  t 
real  determination.  Thus,  for  instance,  if  the  atrength  of  an  acetic  add  1>e  requin 
it  will  not  be  sufflcient  to  make  an  aualyaia  in  the  mdinan  way,  becauae  the  ntntt 
acetates  of  sodium  and  pMasaium  bsvv  an  alkaline  reactico,  and  this  will  mask  t 
tne  point  of  aatuntion  ;  it  ia  best,  therefore,  to  prepare  a  eolntion  of  acetic  add 


LIQUIDS  AND  SOLIDS.  1 

%  known  qunti^  of  ftudud  101111111110  sdd  to  exeea 
-* — -'-e  ho*  miLBh  ituidud  Kxu-solution  i> 


a^t  of  colour  in  thu  idd  aalntioa.  The  itrciiKth  of 
npuicallj  determined  with  acetia  mcid,  the  nu  tnalj 
ifonnce  to  E^ypotheus. 

:  ■IkaliB  and  tbeir  earbonatea  aM  tuilj  determined  ii 
s  to  the  method  giTen  (2,  e.)  for  the  preparation  of  standi 
in  is  anneceuarr.  If  manj  mch  determiiiatioiis  are  to 
do;  tcat-Bolphnnc  (not  hydrocliloric}  acid,  and  ao  to  dil 
e  teat^acid,  ralmne  for  Tolnme.  If  ammonia  is  to  be  det 
by  soda  must  be  performed  in  a  perfM:t]y  cold  solution. 
imt,  and  their  carbonates,  are  detcnnined  exactly  as 
iichtoric  acid  mnst  he  employed  and  no  Rulphate  of  lodi 
tlpbates  of  these  earths  are  precipitated,  and  rocb  art 
reaction.  If  only  a  small  eicesa  of  acid  haa  been  nsed,  1 
i  lodt  hy  a  boiling  of  abort  dnratioa  ia  tbtj  inconaideral 
at  occur  ia  the  Aitt  anat  jns,  it  may  be  made  to  do  so  ii 

LTIOH  AHD  BiDVCTiOR. — It  IS  known  that  most  t 


,    ,  h  oiysen  or  ita  sabstitnenta ;  that  loi 

rerted  into  higher  oxidea  or  chloridea,  by  the  direct  or 
r  ehloTiiie;  and  that  these  higha  conponnda  often  gire 
cbloriue  when  in  contact  with  redndng  agents.  JuiMn 
t  this  bud,  all  thoes  can  be  employed  whieb  oecni  quid 
ion  of  the  reaction  may  bs  recognised  with  diatinctoi 
ithods  of  Tolnmetzia  analyiis  of  thia  kind  hitherto  ji 
in^  the  HHMt  important.     Tbeaa  may  be  divided  1 


. — If  ■  aolntion  of  permanganate  of  potasainm  be  added 
lolnbon  of  a  protouit  of  iron,  the  Mn'O'K'giTes  up  j 


gSO'H"  -  aSO'Mn  +  SO<K'  +  6<S0'>rFe"  +  8HK). 
r  of  tie  permangame  acid  is  continnilly  deatroyed  as  It 
roent ;  bat  aa  aoon  aa  all  ^e  protoxide  of  iron  ia  conver 
rop  of  the  reagent,  eren  if  the  eohition  is  vei;  dilnte,  gi 
{oD.  Hence  it  is  clear  that  protoxide  of  iron  m»y 
mangauate  of  potaaaiain.  A  coaretiieiit  atandard  aolnt 
oat  S  gTsmTnes  of  tiie  commercial  cryatalliaed  salt  in  1  Ii 
ition  oiidiaea,  according  to  the  relive  pniity  of  the  si 
of  inn  present  in  the  form  of  protoxide.  On  acoounl 
le  ths  aolntion  gradnall;  though  alovlj  decomposes,  a  tr 
of  the  solntioa  moat  precede  ereiy  aeries  1^  iron  det 
se,  lyi  gnn.  of  pore  iron  (thin  harpsichord  wire  is  aim 

in  a  great  excess  of  pnra  dilute  snlphtuic  acid,  the 
Inded.  Hohr  recommends  the  doable  aalt,  80'FeNH* 
air^lj  salt  does  not  oxidise  in  air :  it  coataioa  }  of 
on  is  then  allowed  to  oool,  and  is  dilated  with  water  t 
1  0'6  litres.  Chameleon  solntioa  is  added  from  a  hurt 
r  of  the  last  drop  no  longer  disappean.  From  the  ret 
many  milligrammes  of  iron  are  oxidised  tiy  I  ce.  of  1 
lei  DOW  to  detennine  the  quantity  of  iron  in  a  given  si 
itance  as  will  contain  about  0*6  gr.  of  inin  is  dusolred 
iric  acid  1  hydrochloric  add  ahonld  be  nsed  only  when 
the  iroD  is  dissolved  as  protoxide,  the  aolntion  ia  diln 
id  examined  joit  as  was  dons  in  the  case  of  the  standi 
If  the  imn  i>  present  partly  or  wholly  as  scsqnioxide,  t 
tion  by  boiling  with  ainc  free  bom  iron,  be  complet 
toxide.  The  radnction  may  be  considered  comidete  «1 
completely  01  nearly  colourless.  If  any  metals  snch 
eby  precipitated,  they  must  be  removed  by  qnick  flltrat 

may  be  sccnnte,  it  is  Dccesauy — 1.  Tbat  tie  solution 
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laj  dilate,  in  order  thtX  tbe  jcUtJir  Mtoor  ot  thrt 


_  ..  It  th&n  nnul  miuC  in  gcuaal  it  added,  bacuiM  in  eoncentntcd  Bolntiolii^  hjdro 
chloiifl  kdd  ndncM  penn&nganie  icid. 

Mn»0'  +  14HC1  -  7HH)  +  lOCl  +  IMnCl* 

2.  An  (seen  of  add—^if  po«ible,  of  mlpharie  add — miut  be  presMit    Tbe  ol{(e<t  <s 

this  ia  not  onlj  to  m&ke  tbe  colour  of  the  sesqniozide  of  iron  funt,  bat  alio  ti)  prerm' 

tbe  oijgcn  of  tbe  air  and  tlie  small  qoantitj  of  ait  in  tlia  water  nied  &a  tbe  dilatkn 

from  exerting  an  oiiiiiiiiig  action  during  the  opentbo. 

It  ii  icarcely  oeceeaary  to  mentioD  that  protozids  of  iron  los]'  in  tUs  manner  hi 
detffimined  in  tbe  preeenee  of  ■eequioxide.  Tbe  principal  ailTanUca  of  tbia  delis' 
minstioD  connste  in  tbe  fact  that  tbe  preeenoe  of  man;  ■abatanees,  vtuch  often  gmtl] 
complicated  ireigbt-uuilyaes,  does  not  latArfem  with  ile  (implicit  and  accnrncy,  Et« 
tbe  iron  contained  in  fernxTaoidee  maj  be  determined  by  meant  of  permanganate  o 

Tbs  bebaiionr  of  permanganic  add  towarda  protoxidB  of  iron  may  serra  for  tht 
indirect  estimation  t^  maoj  aolstanceB  vhicb  are  capable  of  oxldiaing  pnito-ealts  a 
iron.  It  is  onlj  neccaaary  to  allov  tbe  aabetance  to  act  npon  »  knovn  qnaotitj  o 
iron  in  Excess  dissolved  as  protoxide,  and  to  eetimate  the  amoant  of  protoxide  imactei 
i^n,  in  the  manner  jnst  described.  Free  chlorina,  tbe  acliTe  chkvine  in  chlonda  o 
lime,  the  bigber  oxides  of  manganeae  *,  nitric  add,  &c,  msv  be  detannined  in  thii 
TCj.  We  sball  aabaeqneaUj  ducna*  other  and  better  metnoda  of  eatimating  the* 
aobatances,  and  will  not  therefore  here  enter  into  ftirtber  particnliira. 

i,  Dtlerminaiiort  of  Copper. — Tbe  solution  of  tbe  snbstaDce  in  vater  or  nitnc  adt 
is  mixed  vith  ■  qnanti^  of  tartrate  of  potaaaiiim  and  aodiom  sufficient  to  prereu 
precipitation  bj  the  anbeeqnent  addition  id'  aa  excess  of  caustic  potash.  Tbe  oUulini 
liquid  is  heated  to  boiling,  and  milk-sugar  is  added,  till  all  the  copper  ia  predpitate< 
as  suboxide.  This  is  collected  on  a  filter,  washed  wilb  hot  water,  and  digested 
together  witb  tbe  Biter,  in  stzong  hydrochloric  add  and  chloride  of  sodium.  Tbi 
reinilting  solution  of  2NaCl  -v  Cu*Ct',  is  to  be  diluted  and  treated  with  ^xmuogiuiati 
of  potaaeium,  as  in  the  determination  of  iron.  Tbs  filter,  if  the  opeistion  be  quick!] 
pelfoniied,  hae  no  action  npon  tbs  permaofcanic  acid.  Since  in  Ibis  reaction  i  atomi 
of  copper  take  op  one  atom  of  oxygen  from  the  permaDgsnic  add,  erery  Tolome  a 
our  Mution  will  oxidise  as  many  atoms  of  copper  (31'7  grma.)  ts  it  does  of  iroi 
(18  gruu.). 

(CnK)  +  MnK)'  =  lOCnO    +  aMoO 
and  lOFeO  +  MuK)'  -  GFeK)*  +  23InO. 

S.  Dtttminatum  <jf  Ozaiic  add. — When  oxalic  add  and  permsogaaic  add  an 
brovght  together  in  add  solDlJona,  the  fiirmrr  ii  oxidised  to  carbonic  acid,  the  Uttei 
reduced  to  protoxide  of  manganese,  which  unites  with  tba  arid  present : 

Hn«0'  +  6CHK)<  +  230'H'  -  19C0»  +  aSO'Mn  +  yH'O. 
Hence  oxalicadd  maybe  determined  by  meaiu  of  peimanganateofpotaadnm  ta  •  dilut 
solutioD  containing  an  exeos  of  free  mlphuric  add,  in  a  manner  exactly  similar  t 
that  deecribed  nn(fer  iron.  For  the  determinatioo  of  the  permanganic  add,  eitbor  port 
Up-dried,  dystallisad  oxalic  add,  0^*0'  +  2H*0,  or  pure  iron,  ia  employed.  A  Tdmu 
of  >Mt-solution  which  oxtdisee  x  atoms  (f .  28)  of  iron,  will  couTert  -  atonM  et  «s»U 
odd  (z :  SI'S)  into  carbonic  add  and  water. 

Tbe  behariour  of  permanganic  add  towards  oxalic  add  may  be  amployad  fbr  thi 
valuation  of  commerdal  peroxide  of  manganese ;  1  gnn.  of  tbe  vny  fimm  powderet 
peroxide  is  mixed  with  a  weighed  quantttr  (aboot  I'S  gnunme)  of  raystBUised  ozftlii 
add  and  a  eonsiderable  excess  of  pore  dilute  sulnhnric  add,  and  warned  till  thi 
peroxide  of  manganese  ia  decomposed.  Water  is  added,  tbe  aolatiDD  allowed  to  tool 
and  the  exceaa  of  oxalic  acid  determined  as  above :  1  atom  of  peroxide  of  manganeei 
transforms  1  atom  of  oxalic  add  into  earbanic  acid : 

MnO'  +  CHW  +  SO^ff  -  SO*Mn  +  2C0'  +  2HK). 

(i).  MaTHona  in  wnion  lonim  acts  as  oxiDtaiFo  iamT.— Iodine  ii 

aqueous  solution,  in  presence  of  oxidable  subatoncea,  often  acts  upon  tba  elemenla  a 
water  ao  as  to  form  hvdriodic  add  with  its  hydrogen,  while  tbe  oxygen  acts  upon  thi 
subatance  present.  Kow  aa  the  smallest  quantiW  of  free  iodine  may  1m  recognised  bv  iU 
proper^  td' blueing  starch-solution,  whereas  hjdriodic  add  and  the  iodides  are  withool 
action  upon  starch,  tbe  aubetencee  mentioned  may  often  be  determined  b;  mixing  tbdi 


IQU1D3  ADD  SUUD& 


□f  thu  kind.  «s  irill  take  the  fallowing. 
uBtnm-,  or  •odinm-ult,  in  ocDbal  or  »lWHii«  w>lationa 
tsi  of  the  alkklii),  >eta  upon  iodine  in  mdi  a  "iniiT 
id  nmfjllii-  iodidei  ue  piDdDcvd,  t.  g, ; 
r»»  +  al  -  SNiI  +  8'0'Si'. 

r  u  ilkali-ult,  ii  eonrerted  bjr  iodine  into  uwnic  kdd, 
Uuline  bj  earbonata  or  bicubonite  of  an  ilkali-melaL 
odide  of  atarch  fbrmed  U  no  langar  dacoloriaed  on  the 
iiua ;  i  atonu  of  iodine  (COS  pti.)  ozidiM  1  atom  of 

I-  (I  +  SHK)  .  im  +  Ai<0>. 

Bmined  like  hjpomlplinroQi  acid  in  aolntiom  rendered 


I  /rm  nilpliaroiii  acid  )n  iodine,  tctj  diTuvent  reaulta 
on  ii  fbong.  In  rach  eaiee,  the  qnanLtf  of  ml- 
phnrie  acid  raiiea  tcit  much,  aeooidinff  to  the  qtuntitf 
■J  with  which  the  iodine  is  added.  I(  bowirTer.  before 
iioiMT  dilntfld  with  water  free  &om  air,  that  Igaa  than 
ilainedin  I  Utre  of  watw,  the  reaction,  21  +  SHK)  + 
'ith  perfect  legnlarit;. 
lich  thia  reaction  takee  place,  were  determined  b; 


laiu  of  loHiu  and  SiUpkunmi  And. 
r  poteadnm.    2.  Pure  bTdrocbloiic  add.   3.  FnaUy 
-Nlntioo.*    A  dilate  tolntion  of  iodide  of  potaanum, 
orio  acid,  maitgiTe  a  mixtiin  which  remaioecolonrleai 

idina  in  iodide  of  potaeeinm,  6  gnna.  of  eonunarcial 
lids  of  potaadnm.  are  diaeolTed  in  about  20  cc  water, 
liaaolnid  the  aolulion  ia. dilated  to  1  Lire, 
kcid  in  diitillad  water.  Thia  moat  be  ao  dilated  that 
■B17  to  decoloriee  I  Tolunte  of  the  Jodine-eolntioD  (4). 
I  in  quantitiea  of  10  to  20  litres,  and  allowed  to  atand 
le  air,  before  uae,  n  that  the  oxjgen  containad  in  the 
bj  the  aulphnroua  add.  It  maj  be  adTaatBgeonalj 
provided  with  a  tap  at  the  bottom,  and  a  fine  drawn 
r  to  enter.  The  atreogth  of  nch  a  aolntioD  ma;  be 
e  peiformance  of  one  onulysia. 

line  exactty  the  atreugth  of  the  iodiue-iolntion,  ainadj 
ad  a  nnall  quantity  of  iierfectlT  pure  iodine  of  Imown 
a  by  comparing  auch  iodine  wiUi  the  atandaxd-eolution 
□Di  acid.  Such  a  qoantitj  of  iodine  to  aerre  aa  a 
;  between  200  and  400  milligrammea  (—  A)  of  pure 
um  wiUi  fiuifing  hydrochloric  acid,  and  collecting  the 
'  iodide  of  potaiaium  (for  one  part  of  the  bichromate 
inm  ate  employed).  1  atom  (  2e4'8)  of  bichromate 
COB  6  atomi  of  iodine  (e  x   127-01: 

h  ea 


in  without  loan,  the  following  method  ia  adopted. 
mm.  intemul  i^ameter,  a  bulb  of  abont  30  cc.  capacity 
Gained  of  the  form  ahown  ia  Jig.  48.  To  a  abort  piece 
1  narroirei  tube  ia  ftued,  drawn  out  at  d,  and  bent  aa 
k  of  the  flaak  and  the  adapter-Cube  be  grooud  flat  and 
ich  a  manner  aa  to  bring  them  doae  tt^ether,  an  ai^ia- 
wtamad  wWi  sUorlda  at  nlloa,  bm)  ba  kifta  lai(  tlB*  waif 
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istna  u  obtuDsd  (br  th>  erolntioD  of  ehlorina,  whkli  ia  tamxlj  uiferior  to  oat 
■iitjng  wboll;  of  gUn.  The  ewmtehonc  tnbe  before  oM  mnit  ba  freed  from  >dl] 
mlphnr  by  boUiiig  vith  -reiy  dihit«  cttostie  Boda  uid  tboroo^  waihing  with  wat 
A  retort  of  ibont  ISO  cc  captdtj  (fy.  49)  aezree  to  hdd  tha  lolnlian  of  iodi 
potsasinin.  Th«  neck  of  the  r«to>t  ii  iridened  at  o,  to  recaJTe  ■n]r  aolation  4 
back  by  the  nipelled  air.  In  order  to  make  the  dflterndoatioii,  m  fanng  tli 
chromate  of  poIaMiom  into  the  flask,  which  is  then  filled  to  1  vitb  ftamiiig  h 
chloric  add ;  the  deiiTery'tube  ia  attached,  and  placed  so  &r  m  the  retort  (fill 
to  the  commeDcenieiit  of  the  neck  with  iodide  of  potaMiom  aalatioa),  that  the  eU 
which  ia  not  immediately  absorbed  most  collMt  at  b.  The  flask  is  fliat  gtotly  h 
till  the  decompoaitioD  ia  complete,  then  more  Btrongly,  in  ordnrto  dri<re  OTcr 
tnve  of  chlorine  Into  the  iodide  of  patassiom  eolation  by  meana  of  the  gaaeooa  ' 
and  hydrochloric  acid.  The  retrogression  of  Hie  iodide  can  srarcely  take  |^ 
Bome  care  is  taken,  because  it  can  only  occur  very  aloirly.  in  coaspqnence  of  tlie 
Tolome  of  the  apparatna  and  the  fineness  of  (he  point  d.    After  the  hydroeblorii 

Xun  have  heea  evolved  for  aboDt  fire  minnt^e,  il  may  be  assumed  that  a 
ine  ia  expelled.  Without  diacontiniiing  the  boiling,  the  delirery-tiibe  ia 
drawn  &om  the  retort,  and  the  Ti^ura  are  oondueted  into  aome  freali  wciati 
iodide  of  potassium,  the  boiling  being  continued  for  a  few  momenta  longer.  L 
folotioD  remains  uucolooied,  the  operation  m^  be  regarded  as  mcceoafnL 

The  conlenta  of  the  retort  (coloured  deep  browi]  by  iodine)  are  quiddy  eooled 

ponied  oat  into  a  beaker  glaas,  and  portioiia  of  400  to  4S0  e.c.  of  the  dilataaDl[Ar 

add  are  aacceaaively  added,  wi 

B!.  JO  loes    of  time,    nn^  the   liqoi 

"V*''-  eoloorlns.    The  measarement  < 

■nlphnroas  acid  is  effected  in  a 

iriuch  conlains,  up  to  a  maik  i 

narrow  neck,  from  400  to  4fi' 

bat  whose  e^iadW  need  not  b 

eoiately  known.    The  flaak  is  r 

ont  with  the  snlpborona  add, 

up  to  the  mark,  and  emptied 

definite   manner,   which   sboul 

BtrictJy  adhered  to  during  the 

aoalyais.    Direct  eiperimenta 

ahown  that  the  volnme  of  the  I 

deliTBTed  ia  suffldently  conatan 

The    liquid    dscolariaed    by 

f^nrous  add  contains  an  exa 

Uiia  body.    Starch  and  then  a 

\  iodine-aiuntion  are  therefora  i 

I  till  blue  eoloiatioD  ocean.    Le 

IWame  of  the  latter  neceasBI 

J  this  be  1'  C.C     Inunediatety 

f  waids,  one  of  the  measnn«  <x 

phuTOUS  add  prerioualy  empk^ 

taken,    and  the   roluma   (I    ci 

standard  iodine.Bolntion  deten 

which  ii  necewaiy  tat  iU  oxidation.    If;  then,  the  number  n  of  the  flasks  o; 

KjouB  add  whidi  were  added  to  the  iodide  of  potasaium  solution  from  the : 
been  noted,  the  strength  of  the  normal  Kilntion  may  be  eaaily  calculated. 
Let  us  call,  fbr  brevity,  the  contents  of  the  flask  the  "  volume."     Fnim  th«  : 
of  the  determitiation  just  g^ven,  we  find  that  nl  cc  normal  iodine^olntion 
necessary  for  the  oxidation  of  »  volumea  salphuroua  add.    For  anch  oxidation,  i 
of  the  asms  iodine^olution,  together  with  the  quanti^  of  iodine  piodnccd  b 
distillation  of  A  milligrammea  of  bichromate  of  potaodum  with  bydroehkcic  acid, 

Thia  amount  of  iodine  I  A.  — -]  millg.  ia  t 

to  (nf  —  1')  ce.  of  iodine  aolution.    Hence  I  c;C.  of  the  latter  cODtains 
A  -  S  X  121        ....  ..      .  ,, 

1*7-4  (■<  -  f)  '■'^%~°°^  of  ft».  .odm^  or 

■..-.-  , jiT  —  rmilligramna-atomaof  bMiodino, 

Inasniueh  as  all  anbaeqaent  analyaes  depend  i^ion  these  determinatioit^  the  1 
Duat  be  peifbrmed  two  or  uiree  timea,  and  the  mean  taken  of  the  Teaalta  (which  il 
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phmmt,  l^/ponifyltiiraiu,  and  ariaiioui  Mid*  htm  ban 


ouct.  The  RaetioQ  wfaich  hers  oeeun  ii  tauiowiUt 
SHI  +  S. 

im,  Bramim,  and  CUoriiu,  iaiiat  duK^Tc*  diractlj  ii 
m ;  bromine  and  cUoriae  fonn  bromide*  and  chloride^ 

lamn),  then  BtaKh,uidfiiullyeoliition  of  iodine  (!■  ct.). 
>ccnn.  If  now  t  o.e.  i>f  i«din«  aolation  were  oeoesHn 
of  ■nJphimmi  aail,  1^  libomlcd  iodins  muit  be  eqai- 
itioo,  or  the  chlorine,  bromine,  or  iodine  muit  h^re  tti 

Hia  lif  CKoTVM  vUcA  fonfoni  lot  (Am  jmt  atMU  01 
miu.  AH  theaa  labrtuMt  Ke  dacompoMd  by  iodi£ 
•cid  in  the  followiog  -wk]-. 

+2«Ha  -  xBKi  +  a(«  +  i)a 

d  aocatding  to  (3).  Commercial  blsaching  porden  m 
ehloHoB  which  thej  contkin,  by  beating  than  with  ai 
and  enoo^  bydiochloric  add  to  eaoM  •  ilightlT  aei<i 
chlorine  uberatei  an  atom  of  iodine : 

ICa  +  4KI  -  aCaCl'  +  2H«0  +  *Ka  +  2I«, 
Bnnien'B  experimenta,  theae  ulti  when  diftiUed  witt 

op  bee  ojrfgen,  bat  odj  free  chlorine  and  lower  oiidai 


e  iodic  acid  deeomposce  with  i  atoms  of  bydnodie  acid 
tonu  of  free  iodine  (^mCf  *  tHI  -  SI  +  8HH>). 
the  determinltion  of  iodic  add.  On  the  other  hand, 
be  coDTenieiitly  employed  fbr  determining  the  (trengtfa 

{Ban>en.) 

a  portion  of  their  oiygen  in  me})  a  ifate  that  it  liberatea 
Frine  on  boiling  with  etrong  hrdroohloric  add,  may  be 
ilh  faming  hydrorhloric  acid,  collecting  the  chlorine  in 
nnining  the  iodine  aet  free  accotdine  to  (3).    To  lliie 

higher  oxidefl  of  manganeee,  chromic  acid^  and  other 
laljging  manganic  oiiden.  a  weak  hjdrocHoric  add  ol 
>tioaal]7)  be  employed,  becanae  on  niing  famins  hydn>- 
scape.  The  calcolation  ecarcely  needs  any  eipUnation. 
f  we  retain  the  mmal  lymboli,  amoonta  to  (n(  —  t*yl 
a  nomber  of  atoms  of  active  oxygen  are  (hereforo 
sown  simple  nnmerical  relation  to  the  nnmber  of  atoms 

r  be  peroxidised  by  cUorine.  are  determined  by  boiling 
bichromate  of  potassium  and  hydrochloric  add,  receiving 
I  of  polaarinm  solution,  and  determining  it  according 
calcnUtion,  let  oa  take  the  determination  of  protoxide 
ichromate  of  potaninm  employed  be  A  miUigrammea ; 
i),  if  iron  had  been  absent,  would  hare  liberated  '  ; 
le.    If  instead  of  this,  we  actoall;  find  only  (■(  -  I*)  7 


ut  hare  semd  fbr  the  oxidatioa  of  the  ir 
-(•ii-C)7'(-3  -  28 
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_  3f the resultn.  Ifklaoga 
ot  oeurmmtuoiu  ol  tae  Muae  kind  bare  to  ba  perfonned  locceaaiTel;,  the  tima  ni 
raij  far  their  calculation  is  of  gnat  conH^nence,  and  it  it  important  to  conaidn 
bast  my  of  simplifying  it  a<  macb  as  posnble.  This  majr  genonll;  be  effected  i 
ehooiiiig  aibltraiy  magiiitadea  which  occur  in  the  calcolaCioa,  m  the  weight  ot 
•nbatance,  the  itrength  of  the  normal  solution,  dsc,  that  '''■■"ith^mati^^l  i'i|'i  "■■" 
the  cesolt  may  be  as  simple  u  pooible.    The  fbllowing  eumples  wiU  ilhMnte  tl 

1.  A  number  of  soda  determinations  hare  to  be  made  vilh  an  add  ^lidi  eoni 
1-017  milligramtne-aloniB  of  snl[AnTic  acid  (SO'H*  —  B8)  in  1  cc  If  s  Diillignti 
of  soda  be  empldved  in  the  analjiia,  and  if  the  Tolume  of  the  acid  need  in  neUwiai 

be  *  tc  than  the  aoda  contains  ptr    emf.    of     anhyd 

Kida(KaK)).    Ifnow  lOlT  x  S3  ■  lOOmiUigiammssof  sodtk  beweighedeaeh  < 

then  tl)e  fractjoa is  —  1,  and  the  percentage  of  the  soda  in  cw 

•oda  is  —  i,  that  ie,  simplj  equal  to  the  number  of  cc  of  the  standaid  add  used. 

2.  Id  the  pnrioiia  dirision  (8),  we  hare  considered  the  detannination  of  inr 
means  of  iodine-solntioa  and  anlphnrous  acid.  If  *  miD^nunine  of  the  inm  compt 
be  em^ji^ed  for  the  analTai^  the  percentage  (i)  ti  iron  u  deiired  front  the  fiwmi 


3  x  aa  X  100  jl^— (■<  -  (i)ri 


in  vhidi  the  letters  have  the  signiScatioa  before  given.  It  is  clear  that  tht  ealenls 
is  considersbl;  eimpliSed  if  (I)  T*  be  a  round  (Pactional  number,  for  instance 
(3)  if  ^  be  made  a  simple  multiple  of  I47'i,  fbr  instance,  S  «  117'4  miUicram: 
(3).  By  taking  «  so  sa  to  be  a  simple  sabmnltipls  of  3  k  38  x  100,  for  iiist« 
SO  n  38  milligrammes. — W.  D. 

AKAKTSia  (TO&UMBTKZO)  of  ajLUMM.  This  branch  of  analyns 
of  late  attracted  much  attention  fkom  chemists ;  but  the  chief  impnn  '         ' 

Telopments  relating  t«  it  are  due  to  Profeaaor  BuDian.  Previous  t 
OD  the  subject,  the  proceeses  sdopCsd  for  meamring  and  snalfsing  gases  were  an 
ceedinglj  imperfect,  the  inaccuracies  introduced  so  numerous,  and  eTen  tbe  reag 
made  use  of  so  defective,  that  onlj  the  most  variable  results  could  be  obtained ;  i 
on  the  coDtniy.  gasee  may  be  analysed  with  an  accunoy  which  cannot  be  equi 
in  any  other  branch  of  chemistiy.  So  far  indeed  as  accuracy  and  simplidty  of  m 
pulatiOD  SM  concerned,  Bunsen's  method  learea  little  to  be  desired ;  but  it  u  long 
tedious,  even  a  simple  analjrsis  requiring  some  days  for  completion.  The  necea 
calcuIatiofiB  tor  the  reduction  and  correction  of  the  observations  ai«  also  Dnmeroua 
require  considerabla  time  and  attention.*  To  obviate  these  inconveniences,  sev 
methods  have  of  late  been  proposed,  by  which  the  composition  of  a  gas  may  ba  a 
itttely  determined  in  a  very  much  nhorter  time,  and  wiuioitt  the  calinlaCions  fbm> 
nec«saiy. 

The  arrangement  of  the  subject  adopted  in  this  article  is:  flnt  a  dsaeription  of 
apparatua  and  general  method  proposed  bj  Bunsen  ;  then  that  of  the  more  recant 
expeditious  methods  ;  and  UeCly,  the  proceeds,  which  to  a  certain  extent  are  omiu 
to  all  the  methods,  for  separatiag  and  estimating  the  different  gases. 

According  to  tbe  method  of  Profeesor  BuiiBea,  the  gases  are  collected  and  tnesm 
in  graduated  tubes  over  mercury.  For  this  parpoee.  two  straight  glan  tubes  are  nf 
oDeof  them,  which  ehouid  be  aKiut260  mm.loiigand20mm.  indiuieter,  is  termed 
absorption-tube,  and  the  other  which  is  from  £00  to  BOO  mm.  laag.  and  20  nut 
diameter,  ii  termed  the  audiometer  (fig*.  SO,  CI).  The  ebeorption-tubc  i* 
Tided  with  a  sort  of  Up  ss  shown  in  the  figure,  to  enable  the  operator  to  pees  the 
easily  out  of  this  tube  into  the  eudiometer.  As  this  latter  tube  u  the  one  in  which 
combustible  gases  are  exploded,  two  plstJnum  wires  must  be  Aised  into  the  cloeed 
of  it,  for  the  paesage  of  the  electric  spark.  This  is  done  by  strongly  heating  the  sa 
the  tube  in  the  blowpipe  lamp,  and  then  just  toucMne  it  at  the  point  where  the  wi 
to  be  introduced,  with  a  hot  platinom  wire ;  to  this  the  glass  strouglj  adheres,  anr 
this  means  is  drawn  out  to  a  fine  tbread,  which,  on  being  cut  off  close  to  the  eudionu 
is  found  to  be  hoUow ;  through  this  hols  a  platinum  wire  is  introduced,  and  the  f 
carefully  fused  all  round  iL  A  second  platinDm  wire  is  then  by  similar  means  fttaed 
the  opposite  aide  of  the  eudiometer.  Thea*  wim  should  not  project  straight  across 
tube,  as  thiiy  are  then  apt  to  beoome  bant  and  moved  fiom  their  pmpar  disti 
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h  mercuTT ;  — if  atnight,  the;  wonM  also  ptrieat  tb* 
'I7  cleaned :  it  ia  conseqaent];  most  coDTMuent  to  hkTe 
rt  the  conniled  top  of  the  eumometer.  The  ends  of  tba 
ice  ■put  of  about  1  to  2  ni.m.  In  order  to  WettMn 
properly  fiued  in,  to  that  the  con- 
I  maj  be  perfect  and  no  probability  F^.  SO.  Fig.  6\. 
lioniet*r  u  fiUed  and  inveitad  in  a 
Le  held  in  a  verticaJ  poaitian,  Bharplj 
e  troofh ;  this  conunuzucat«B  a  more- 
le,  vhich  sinking  for  a  moment  leaTM 
in  if  the  wiroa  are  not  fd.-  ed  in  abao- 
,  bubblea  will  be  seen  rising  from  the 

be  air-tight,  the  next  operadon  it  to 
c  acid,  a  millimetn  ai^le  on  it  and 

may  easily  be  done  b;  the  folloving 
lied  bj  Profeaaor  Bonien.     The  tabe 

the  tampeiatnre  at  which  beca-mx 

bj  meaoi  of  a  atick  which  pennna 
I  open  end  of  iL  The  tnbe  is  then 
ble  with  mailed  wax,  which  ia  beat 
ir  with  wax,  by  means  of  a  bnuh 
'  should  be  continually  tnmed 


lady  for  etching, 
iratoa  need  (or  this  pi 
jTOOTe  running  slong  it  of  such  lise 
will  he  easily  in  it :  if  il  repreaants 
1  in  its  place  by  two  braai  plates  1 1, 
g  other  end  of  the  grooTe,  a  standard 
'  means  of  a  braas  plate,  and  on  this 
>  exactly  copied  on  the  wax  coTering 
'  means  of  a  long  bar  of  wood,  tt>  one 
lint,  and  to  the  other  a  kind  of  knife. 
I  abowo  in  the  Sgnre,  the  light  band 
E  the  apparatos,  the  steel  point  ia 
be  dirisions  on  the  standard  tube, 
hed,  and  while  it  is  held  there,  a  cut  ia  made  by  m 
ig  the  tube.    The  length  of  this  eat,  and  the  conseq 
ited  bj  the  distance  between  the  two  brass  plates  < 
has  been  made,  the  wooden  rod  is  gently  moved  • 


t 


Fig.B2. 


rw^^r^^ 


■  fitUa  into  the  next  mark  on  the  standard  tube ;  then 
wax,  and  so  on.  The  ateel  point  should  alwaTS  rest 
idi  win  then  serre  to  keep  it  in  the  same  straight  line. 
I  of  the  scale  more  essy.  it  is  coQTenient  to  have  evaj 
iie  olhen;  which  is  esaly  accomplished  by  having  slits 
t  the  distance  of  S  mm.  apart,  ao  that  when  the  knifto 

it  passes  fnrther  across  the  tube  than  in  other  caaea. 
«,  it  must  be  careftally  exunined,  and  if  any  &lse  itrokea 
red  by  applying  a  tlun  healed  wire  to  the  spot ;  flien, 
■b  rttoke  may  be  made.  The  tnbe  ia  now  removed,  and 
I  indicatine  the  number  of  milliinetres  from  the  top  are 

■  of  a  needle.  If  any  nf  the  wax  has  been  remored  fnim 
e  brass  plates,  these  places  most  be  careftillj  re-coTered, 
be  exposed  to  the  hydrofluoric  acid. 


ANALYSIS  (VOLUMETRIC) 
This  i*  nNt  vnmnieatij  done  in  ■  kiiid  of  long  ruunow  leaden  diah.     Fo«d 


Bnor-apu  i*  etnwed  along  the  bottom,  and  s  large  ezoeai  of  ■nlphnrie  add  adi 
beat  may  tbta  be  upliM.    Ai  aoon  ai  tlie  gaa  cornea  off  abnndantlj,  the  lam 
remored,  the  tnbe  Uid  over  the  diah  resting  on  two  win  npporta,  and  the  vha 
'       ibo  haa  remaii 

□□a  eianuDed 
tken  place,  I 
IB  etdiize  maj 
ire;  in  thiji  c 


Fig.  S3. 


.  .__  ..  „  »  anpporti 

corered  with  a  ahect  of  papef-  When  tLe  tabs  haa  remained  thare  about  thm  »"■" 
it  ahoold  be  i«moTed  and  one  of  the  diniions  eiamined  by  paaaing  the  naid  ori 
to  (Kurtain  to  what  extent  the  etching  haa  taken  place.  In  ttma  three  to  six  miin 
moat  tnbea  will  be  aoSdently  acted  on.  The  etdiize  maj  alao  be  aceompliabed  w 
oat  applying  heat  to  the  bydroflnorie  mixture ;  in  thia  case  the  taht  moat  be  lei 
contact  with  the  add  ler  aereral  honra.  This  latter  method  yielda  perliapi  the  i 
diatinct  gradnatioa.  bl  otder  to  render  the  scale  still  more  dear,  it  should  be  rat 
orer  wiul  a  mixture  of  Termilioa  and  copal  Tamish,  vhich  filla  and  hardens  in  eae 
the  dinaians,  rendering  them  Ten  erident  to  (he  eje. 

Since  no  tnba  is  of  pFeeiBelj  the  same  diameter  for  asj  length  together,  the  s 
thos  etched  bean  erideutlj  no  constant  relation  to  the  enbie  capacity  of  the  t 
In  order  then  to  aaeeitain  to  what  extent  the  capacity  Tiiiee  in  different  puta  at  I 
eqnal  volumes  of  roercnry  ninst  be  poured  into  it,  and  the  space  they  occnpy  reac 
OD  the  Bcale.  Fig,  51  lu^usunta  a  convenient  form  of  ipparatna  for  alwsye  obtain 
these  eqaal  volumes  of  mercury,  a  is  a  small  f 
tube  flied  iu  a  handle  and  capable  of  oontiii 
about  that  amount  of  mercury  which  ta  require 
fill  the  eudiometer  throngh  20  mm  of  ita  len 
e  ia  a  glass  plate,  on  the  top  of  which  the  two  ■ 
of  a  strip  of  caoatehona  are  fsstcned  i/j  sealing  i 
■a  as  to  form  a  loop  which  is  slipped  oier 
thumb.  By  tnruing  ttie  stopcock,  which  allown 
aercniy  to  flow  fiom  the  reaervoir  *,  the  g 
measure,  the  top  of  which  must  be  ground  perft 
even,  is  completely  filled,  and  the  mercury  i 
in  a  curve  above  the  top ;  on  depressing  the  pla 
the  eiFen  is  eipeUed  and  tbe  tnbfi  (Attained 
fectly  full :  ore  must,  however,  be  taken  thai 
bubbles  of  air  remain  adhering  to  the  aides- 
filling  the  meaaure,  it  is  well  to  allnw  the  en 
the  tube  e  to  rent  on  tiie  bottom  of  it.  and  ' 
graduaUy  to  withdraw  it  when  nearly  ftall  of  i 
cuiy.  The  tube  to  be  calibrated  is  firmly  hel 
a  perpendicular  position  by  means  of  a  damp. 
the  measures  of  mercury  are  then  carefDlly  poi 
in,  any  bubbles  of  air  which  may  remain  siUie 
to  the  tube,  being  removed  by  means  of  a  small  i 
IT  piece  of  whalebone.  Afleir  each  additior 
nercmy,  the  height  which  it  occupin  on  the  aca 
read  off!  In  order  to  prevent  errors  from  paraJ 
is  shauld  be  done  by  means  of  a  telescope  &■)< 
a  clamp  which  moves  on  aperpendienlar  lapj 
In  all  readinge-oS  it  is  the  position  of  the  lug 
part  of  the  mercuiy  meniscus  on  the  scale  that  is  observed.  This  process  for  de 
mining  ths  cubic  capacity  of  the  tube  should  always  bi>  gone  tbrougb  twice,  and 
mean  of  ths  two  aerie*  of  obsa-vatioD  taken  aa  the  basis  of  calculation.  An  exai 
will  best  sho«  how  these  calculations  an  made  and  the  neulta  tabnlUad.  The  he 
of  the  inen.iuy  in  the  tabs  after  ths  sncceasiTe  additions  of  ths  meanred  qnantity 


w-ia 


-  13-56 


In  the  second  column  is  expressed  the  height  which  this  constant  qnaoti^  of  i 
eniy  occupied.  This  varies  (»r  course  with  the  capacity  of  the  tube,  ineiMnng  as 
tube  diminishes,  and  '^'"■'""^'"g  aa  the  tube  inrmiars  in  aiie.  One  of  these  di£nii 
ganoally  the  largest,  is  taken  aa  the  standaiil,  m^  13-B,  that  is,  lS-9  Tohunsa  ik  i 
euij  have  been  found  to  ooenpy  on  the  scale : 

I  X  13-9  -  e-i 
a  K  13-9  -  230 
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■  of  tba  Boile  u  thaM  putienlar  poiatB,  ud  it  oulj 
pcetiTe  T&luM  at  ewii  diTision  between  thea»  niecewiTe 
«.  batmen  S-1  and  231),  etch  millimetra  will  repiCMOt 
bot  in  the  lecond  instance,  where  the  13'9  Toll,  of  mer~ 
13-6  nun.  wbrra  th»  tube  in  fact  is  broadec,  each  diTiuon 
i>  1*022,  and  tlii*  nambu  itpnaoitB  tlie  opacity  of 
and  36'S.  Again  tlie  capacity  of  each  diriaian  betwwn 
l'02fi.    In  thia  way  i»  formed  a  tAbla,  whicb,  although 

ly  correct,  the  amouit  of  error  anaing  from  the  altiration 
n  each  reading-off  of  the  height  of  the  mereoiy,  being 
e  meaaared  qoantity  doea  not  eztsnd  over  mom  thut 
g  table  ia  eaJcnIated  from  the  furegoing  obaemtioaa. 
sni  on  the  actle  an  giTen,  in  tlw  aeMnd  their  arbitiaif 


24 

28  83 

39 

4417 

SS 

29-84 

40 

4<'20 

26 

30-86 

41 

46-2! 

27 

31-88 

42 

47-26 

28 

32-91 

43 

48-28 

29 

33-93 

44 

4S'30 

30 

34-ed 

411 

SO'33 

31 

35-97 

46 

SI '36 

32 

36-99 

47 

52-38 

33 

3B-02 

48 

53-41 

34 

8904 

49 

64-43 

35 

40-06 

60 

66-46 

36 

41-10 

6 

37 

42-12 

52 

38 

4319 

63 

it  point  of  the  menisnu  of  the  mercnry  tliBt  is  read  off 
zg  the  tnbe  and  afterwarde  in  meaaunng  the  amount  of 
irrectiDn  most  be  applied  to  everj  obserratioo  to  comet 
from  the  eonTciity  of  the  mercury.    By  m- 


>n^  the  tuhe  is  not  foil  up  to  that  point  by  the  space 
a  gas,  wben  the  tube  is  in  the  reverse  poeitiDii,  the  aane 
be  read  oQ  although  the  meniacoB  of  the  mercury  only 
■',  learing  in  fact  a  space  aa  much  below  c  c'  uncccnpiM 
as  waa  1^  above  it  in  the  former  one.  Hence  after  re- 
un  the  relatiTfl  value  of  any  reading-ofl^  there  must  be 
0  tie  whole  apace  ana'  ft'.    What  Ihia  number  ia,  which 

ea^y  be  aaccrtained  by  the  fbllawing  procco.  The 
perpendicular  position  with  its  cloaed  end  downwards,  a 
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and  nader  the  m&ce  o^  the  m 


perfecdyfUt:  tlie  height xx'  tt  which  it  lunritaitdi  io  the  tnbaureidolE     Twit 

diffeieiice  of  thess  two  rekdingi  ia  then  t^  qiuntily  to  be  added  to  etch  ohnn 

after  referring  to  the  table  of  capacities 

The  mo<t  roDTenioDt  form  of  mercoiy-tiongb  ii  that  ptopMod  b;  Btuueii, 

rtpreaenteJ  iu  fig.  fifi.     It  ta  about  3S0  nun.  long,  and  80  mm.  broad.     The  twa 

C  c,  ore  made  of  thick  glui  platei,  and  the  lower  part  of  it  i,  ii  fbrmed  out  of  a  i 
piece  of  wood  hollowed  ont     In  ordor  lo  eeonomiM  the  amoniit  of  me 

F^.  66.  necesui;,  the  inside  of  the  trough  is  made  roimd  at  the  bottom  insU 
being  aquare,  a  forms  a  conTenient  support  for  the  endiometer.  1 
niing  the  trough,  it  ehonld  be  well  nibbed  with  oonoaira  nblimatt 
mercnij,  or  else  small  bubbles  of  air  an  apt  to  remaio  adhsring  ts  tlie  i 
•nd  m«7  *A«watds  rise  into  the  endiometeF. 

A  good  Uiuinometer  and  barometer  are  of  course  indispensable. 
Im^th  of  the  degrees  on  the  thermometer  scale  should  be  such  thai 
position  of  the  mercury,  to  a  tenth  of  a  deeiee  centigrade,  maj  be  ( 
read  off  b;  means  of  the  telescope.  The  barometer  genoallj  naed 
the  ajphon  form  ifig.  £6).  The  Male  is  etched  Oa  the  glase  and 
doeed  end  is  bent  as  shown  in  the  figure,  so  that  the  scale  on  the  two  1 
ia  in  the  same  straight  line.  The  thermometer  t,  is  placed  in  the 
end  of  the  barometer,  and  held  in  its  place  ty  a  small  piece  of  whald 
which  acts  as  a  spring.  Before  reading  off  the  height  of  the  barometai 
thermometer,  the  latter  ihould  be  gentlj  moved  a  little  up  and  down. 
COnunonicating  to  the  mercury  in  ue  iMrometeT  a  slight  moTement.  i 
OTercomee  snj  adhnioa  between  the  mercury  and  the  glaaa. 
|r  The  kind  of  room  which  is  used  as  a  gas-labaistoiy  when  thia  m 
I  is  adopted,  is  a  point  of  Ten  coniddersble  importance.  It  should  ha 
BOrtherlj  aspect,  and  the  waUa  should  be  ttuck ;  in  bet,  the  room  mu 
protected  in  erery  way  &om  sudden  changes  of  temperature.  The  mei 
trough  and  barometer  should  stand  on  a  table  immediately  in  front 
win£>w,  if  possible  a  double  one.  The  table  is  provided  with  a  rim  r 
it,  in  order  to  prevent  the  loss  of  any  memicy  that  may  hqipen  to  be 
upon  it.  Between  every  two  operations  in  the  analysis,  at  least  half  an 
mnatbe  allowed  to  eUpoe,  in  order  that  all  parts  oftbe  apparatus  mar  rptu 
the  temperature  of  the  room.  Great  care  must  be  tidcen  is  flllmg  th 
diometer  and  abaorption-tabe  with  mercury,  that  no  air  remain*  adberii 
the  sidee  of  the  tube.  This  is  most  eauily  avoided  by  introdncing  the  toei 
through  a  ftinnet.  to  which  is  attached  a  narrow  glass  tube  reaching 

twarly  to  the  top  of  the  eudiometer ;  the  aercory  then  rises  gradnally,  the  fiuinell 


// 
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Ten  thorough!;  fiom  the  tube.  A  small  habble  of 
land  to  remain  in  contact  with  the  platintun  wirei  in 
Dt  rid  of  b;  pUciDg  the  tfaamb  over  the  open  end  of 

inclined  pontion  ;  then,  bj  meuu  of  ■  sudden  jerk, 
m  the  wiies,  uid'bj  meral;  inviting  the  eodiomel 

fore  itated,  ere  nudi  *jth  the  belp  of  a  telescope,  irh 
Ten  or  eight  feet  from  the  tubes.  Core  should  olwii^ 
M  read  off  ii  aeatij  in  the  middle  of  the  field  of  Ihe  U 
J  uiu  bom  paimllAi.     It  is  tberefbre  oonTeoient  to  hi 

Ijeis,  four  obserrstioni  hsTe  to  be  made :  let.  the  hei| 
"nd,  the  height  of  the  mercorj  in  the  trough 
d  on  thp  Bcufl  of  the  giia>tnbe  \  3rd,  the  temps 
^nre;  and  4th,  the  atmoepbenc  pressTtre.  The  baiome 
ind  thermometer  are  alwajs  read  off  last ;  for  before  do 
Ihii,  it  is  DecMsar;  to  approach  the  table  in  order  to  mi 
^e  thermometer,  m»  before  deeeribed,  and  the  beat  gii 
int  t^om  the  bodj  vonld  increase  the  Tolnme  of  gas  in  i 
nbe.  In  order  to  read  off  accnratelj  the  leTel  of  i 
nercni;  in  the  trough,  it  ifi  neceasat;  >o  to  place  a  pji 
If  white  paper  between  tbe  glm  aide  of  the  trough  i 
Jie  tabe,  that  it  ma;  reflect  tbe  light  from  the  window 
•/>  the  scale.  Fig.  £7  ahowe  bow  this  ia  conTeoientl; 
viged,  the  scale  being  seen  throngb  the  alit  m. 

A&fit  each  operation  in  the  anafysii,  before  [earing  I 
nbes  to  cool,  a  rapid  obeerration  should  be  made  w 
:he  telMcope,  in  order  to  see  that  the  aeale  on  the  end 
neter  is  in  its  right  pomtjon,  passing  apparently  exac 
JuDogh  tbe  highest  point  of  the  meniscus,  and  alK  t] 
Jie  height  of  the  metenry  both  in  and  ontoide  tbe  tl 
an  be  esuily  read  off. 

In  order  to  render  the  obeerrations  thns  made  at  diffen 
«mperaloree  and  pressures  Himpiii»ble,  thej  must  be 
,  the  one  geiieridlj  employed  being  dry  air  at  0°  C,  a 
>f  mrrcui^.  If  v  represent  the  Tolnme  of  gaa  as  tal 
of  the  meniscus,  b  the  height  of  the  mercniy  in  the  g. 
t,  f  the  temperature,  and  B  tbe  height  of  the  baromet 
iTe  the  corrected  Tolnme  V,  under  the  standard  tern) 

00U366f) 
:  which  must  not  be  orerlooked  in  the  ralculation,  tie.  I 
■-Taponr.  If  the  gas  is  aatoiated  with  moisture,  and  I 
eerration  of  its  Tolome  was  made  is  known,  it  is  th 
tie  table  of  tensions  of  aqneoua  Tsponr  and  extract  1 
t  temperature :  this  must  be  deducted  ftom  the  height 
rmnla  for  the  redaction  of  gases  satoiated  with  sqoec 
~  '  ,.  V,  where  7*  ia  the  tension  of  aqneoos  Tape 
Bomre  a  gw  being  completely  saturated  with  moistore 
duced  into  the  eudiometer  before  filling  it  with  meicui 
early  bow  these  ealculauous  are  made,  the  following  i 

Qasometry,  is  died,  of  the  measurement  (tf  the  Mi 
I  with  moisture  and  afterwards  dry. 

Molt.  DtT- 
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loe.(r  +  m)  -  log.  2931  -  2-W7M 

+  Iog.(J-*-r)         -log.  -4807  -  0-S81B7  - 

mpilcig.  (1  +  0-O0S88()  -  oompL  l(«.  1-0739  -  0 
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-  S'4fi697 
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~  0-98903  -  1 

log. 

r 

3-11814 
-        131 30. 

A  modiflcstioD  of  BuiiKn'l  method  hu  been  proposed  b;  HesraB.  Willi&m 

uu]  SuBiell  (FiooeediDgs  of  tlie  Soy&l  Sode^,  toI.  ix.  p.  31B),  vberabj  the  t 
at  viT  BlUntioD  in  the  buometer  or  thermameter  on  tbe  gu  daring  tbe  Koal 
id  enUrfily  eliminated '.  moreover,  the  gm  operated  on  is  ftlw&^fl  read  off  tauu- 
with  aqueons  vspoar,  so  that  no  colculatioDS  itre  necessary  for  redocin^ 
Tolnme  to  a  standard  temperatore  and  preasuie.  Tbe  principle  on  whicb  this  nn 
fication  dependa  is,  that  of  alwajs  retaining  the  gas  at  the  sane  degree  of  < 
ticutj.  1£  for  instance,  a  loll  of  temperature  has  occDired,  tJien  br  diminishing 
pressure  on  the  gas  a  certain  amount,  ib  elaatici^  will  remain  unaltered ;  and  i 
rise  in  temperature,  the  preesure  must  be  cocTespocdinglj  increased  to  retaio  thr 
St  the  same  volume.  This  eqnallj  applies  to  any  alteration  in  the  barometer, 
u  adopted  for  aacertaining  exactly  how  much  the  preasnre  on  the  gas  has  1 


__ .  .  ahed  for  any  Tariations  of  the  barometer  or  thermomi 

to  introduce  >  standard  quantity  of  air  into  a  tube  over  mercuir,  and  marie  oS 
height  of  the  mercury  on  the  tube,  st  the  normal  temperature  and  pressura ;  thei 
any  other  temperature  or  pressure,  by  raising  or  lowering  the  tube  in  t^e  mere 
trongh.  BO  aa  exaetlr  to  bring  the  mercury  again  to  the  same  mai^  the  elasticii 
the  air  n  maintained  constant.  The  gas  in  the  andiooieler  ia  always  read  off  at 
constant  degree  of  expansion,  and  this  is  done  merely  by  raising  or  lowering  it  ii 
trough,  until  the  colomn  of  mercury  within  the  eudiometer  is  of  exactly  the  i 
brng^t  oa  that  in  the  tube  containing  tbe  standard  amonnt  of  air.    Fig.  B8  reprei 
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the  appantos  wed  in  this  mrthod.  a  b  is  the  tuba  containing  the  stindsid  am 
of  air,  and  is  termed  the  "  preisnre-tube : "  the  i^per  part  (d-  it  is  six  or  a> 
inches  looK  and  of  about  llie  diameter  of  an  ordinoiy  Hansen's  endiometer;  tbe  k 
port  B  is  iM  about  tbe  same  length,  but  only  J  inch  internal  diameter.  Into  this  e 
SDTe-tnhe  ia  introduced  ouch  a  qnaotity  of  mercury  that,  when  it  is  iuTRtad  in 
lnmgli,lhemereunatandaatBcon*enirnt  hei^tin  Uie  nanw  tnba ;  at  this  poin^ 
nark  is  made  which  indicates  (he  height  of  mercury  needed  at  any  temperatutc  or  p 
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air  to  its  onainil  Tohine.  Tha  merotuy-tronph  c  d  diffe™ 
being  provided  wiUi  a  veil  B,  at  one  end,  in  which  Ui« 
or  lowered  ao  u  to  bring  the  gu  it  contuus  to  the  shb* 
r«S8Bre-tub&  Bath  the  eudiometer  and  the  preasure>taba 
position  by  meuia  of  elunpc  p  and  o,  which  alide  on  op- 

EroTided  with  •  limple  kind  of  alow  morement,  bj  which 
iweced  hj  the  opantoi,  whilst  he  ii  looking  thtoagh  a 


ne  pUne. 


rhich  tha 
;  through 
pleunra. 

>  right  or 
or  below 
Beqnentl; 
Inoidor 

leilodw 

ix  feet  in 

cuTjing 

<g.  es.  ■ 

r  tightei^ 

lat  when,   I 
»d,    it    ii 

■Mjiplring 

Ming  off.  In  opcmtidg  with  thia  apparatai,  t  .  ^ . . .  _ . 
in  froat  of  the  endiomeler,  and  tne  dAmp  moTfd  np  or 
le  top  of  the  merciuT  inside  about  coinddce  with  the  muk 
a  the  >aiDe  w&;.  the  eudiometer  ii  so  adjusted  that  tha 

is  of  sbont  the  tame  height  SB  thst  in  the  preasitre-tuba. 
red  on,  and  the  whole  allowed  to  eooL 
Boding  off  the  amount  of  gas  is,  while  looking  through  th* 
rod  connected  with  the  pressure-tube  so  as  to  bring  tha 
rnvrk  on  the  Btem,  then  raise  or  lower  the  eudiometer  so 
rrui;  inside  it  may  eoiudde  precisely  with  the  meniscus  in 
I  easily  done,  as  tha  diameter  of  the  preesare-tnbo  is  con- 
.  of  the  eudiometer,  and  the  meniscus  in  the  latter  can  ba 
'  the  meniscus  of  tlie  preesure-tnbe.  It  is  eooTenient  also 
ibe,  the  stem  of  which  should  be  about  three  times  as  long 

described.     Bj  this  means,  when  only  a  iiraall  amount  OT 

can  ba  read  off  at  a  greatly  redaced  presmre,  and  coose- 
ite  accmocy.  In  order  to  render  the  reading  made  with 
le  with  those  made  with  the  second,  it  is  only  neecwary  to 
of  gas  at  each  of  these  d^i«ea  of  axpuisian,  lliis  at  once 
n  whifh  any  anionnt  of  Ens  read  ofC  at  the  greater  degree 
,  will  have  to  be  diminished  in  order  tc  render  it  com- 

the  lower  dppree  of  eipaaiion.     This  method  yields  verjr 
obtained  with  less  trouble  than  by  Bunsen't  method. 


18  next  to  be  described  is  that  proposed  bj  MY.  Re^nanlt 
?hys.  [3]  xitL  333).  Its  peenliai'  •d'nntage  n,  that 
it  with  TPry  much  greater  rapidity  thou  is  possible  by 
}asly  despribed.  and  also  that  it  does  not  require  a  room  to 
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with  1 


»nomv  of  ti 


mding  the  gaa-tol 


«  eSeetf  d  in  two  ways :  Brat,  by  n 
rliich  ulmcst   immediately  caiuiea   their  contenu  to  oanune    lot  tti 
impersture  u  that  of  ths  eitemul  medium ;  aecoadly,  by  the  me  of  liquid  nagei 
instewi  of  solid,  which  are  necen&ril;  uaed  in  Buqkd'b  method. 

The  form  uid  principle  of  M.  Kwcault's  apparatus  will  ba  eaulj  onderBtood  fn 
fiffi.  flu  and  SI.     it  conaiali  easesti^j  of  two  paiU,  which  «ui  be  easily  joined  a 


*1^.  60. 


fig.  91. 


and  a&  The  measuring  tube  a  i,  is  from  16  (« 
into  millimetrea,  and  terminuteB  above  in  a  fine  eapillaty  tnbe  i  r,  vhile  the  low 
end  ii  luted  into  a  east  Iron  piece  Nlf,  having  two  tubuladoni,  b  and  e,  and  a  Btopco 
B.    To  the  second  tabnlatioD  e,  is  luted  a  atraigbt  tube  c  li,  ^mi  at  bMh  enda^  of  tJ 


IS  the  tube  a  i,  and  divided  also  into  millimetna.    The  itopcoel:  B 
bond  through  in  two   directims   at  right   angtes   to   one   another,   as   shown 
^t.  62,  63,  and   64,  so  that  by  taming  the  key  in  difffer»nt  pomtioM,  eommni 
cation  MB  be  eslabliBtied  between  the  two  tubes  a  b  and  c  ^  or  the  raerenij  can  1 
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r.  Tbeae  tabea  are  niiomded  by  ■  gUsi  cylinder  filled 
thermomeler  T  a  hnrntnei.  Dnring  tlie  Btutljnts.  the 
«  indicate  >  anutant  t«iip«ntti>« ;  shotdd  toy  iUeiatioa 
■J  tompcratnn  must  be  reotorcd  bj  tba  idditioD  of  hot  oi 

Bied  OD  %  eaot-iron  rtand  i  i,  fomnhed  vitll  levelling- 
b^o  /,  is  open  at  the  botioni  uid  tenniiuted  alrare  by  a 

TEiis  tube  dim  inlo  a  imall  merciuj 

what  i>  still  better,   gatta-percha,  Fig.  66. 

more  clearly  the  fonn  of  thii  troagh. 
I  B  BDidl  iron  bmcket,  which  by 
lion  0,  to  wliich  the  handle  b  in  at- 

and  down.  It  i>  letaiaed  in  any 
to  which,  in  order  to  facilitate  iU 
and  sa  thii  ii  tamed  from  on*  aide 
thrown  in  or  otrt  of  gear  with  the 

capillar;  tubes,  whiiJi  terminate  the 

tube,  are  parefnlly  loted  two  imall 
lie  of  wluch  exactly  fit  each  other, 
ited  in  fig.  67.  in  aection.     In  order 

t«o  BJ  air-tight  aa  possible,  b  little 


a  the 


r 


Fig.  87. 
Fig.  66. 


tight  aa  possible  by  meane  of  a  screw 
B.  The  laboratory-tube  ie  held  in  a  ]r 
ip  If,  which  ia  lined  with  cork,  and 
red  diatanoe  &om  a  c,  b^  means  of 
ng-tabe  aba  prorided  with  two 
Minaiy  eDdiometer.  The  following 
It  (Conn  de  Chimie,  iv.  77)  of  an 
r  and  carbonic  actd  will  perbap*  beat 

SU  the  neaniring-tab* :  thia  is  done 
e  tube  e  d,  nntil  it  begins  to  ese^ie 
ich  is  then  closed.  The  laboratory- 
ug  it  into  the  mercoij-troush  F,  the 
fill  the  eapillBry-tnbe  /it,  the  best 
:ie  month  to  thr  open  end  of  it  and 
close  the  etopcock.  The  tube  bein^ 
7,  il  ia  fixed  in  its  place  and  ^e 

now  introduced  into  the  laboratory-         3^^J   ra 
been  lowered  to  aoch  a  position  that  I      ~' 

ibe  only  reachea  to  a  short  distance 

is  then  eaailv  paased  ap  into  it,  Thia  being  done,  the 
be  laercuiy  allowed  to  How  ont  of  the  meaanring-tube,  by 
1  orer  into  the  meairarintt  tube.  When  the  mercury  reachea 
opcock  r  is  nearly  cloaed,  thus  cauaing  it  to  rise  bat  slowly, 
rcnry  arriTea  at  a  certain  mark  r  on  the  horiiontal  part  of 
pcodc  r',  ia  cloaed.  The  level  of  the  mercury  ia  tfaus 
B,  oF  the  tube  a  b,  and  the  difference  of  height  of  the  two 
I  read  off'  on  the  acale  of  the  Inbe  e  d.  The  water  should 
air  into  it  through  a  tube  which  descends  to  tbe  bottom  of 
f  the  tbermompler  and  barometer  moat  also  be  obeerFcd. 
stion  should  be  necessary  tor  estimating  the  lennon  of 
IwajB  satuTatod  with  moisture ;  this  JA  done  by  moistening 
Cube  <t  b  :  the  mercury,  in  passing  through,  merely  removea 
nya  leares  a  small  quantity  adhering  to  the  aides  of  the 
.ture  of  the  water,  which,  as  before  stated,  must  be  station- 
the  tension  of  the  aqueous  vapour  at  this  temperature ;  v 
the  height  of  thn  barometer ;  and  lastly,  h  the  difference 
Qiy  in  th*  two  tnbee.  H  *  *  —  /  is  (ben  the  elaati- 
SaTing  thns  measnred  the  qaantity  of  gas  taken,  the  next 
■rbonic  acid  present.  The  tronah  V  ia  again  lowered  and 
le,  a  single  drop  of  B  strong  solutioD  of  caustic  potash  ia 
loiy-tobe.  Mercury  is  then  poured  into  the  tube  c  d,  and 
to  cstabliah  communication  between  the  tubes  a  b  and  e  A 
r  r',  the  gas  is  then  fbic«d  back  into  the  Uboratofy-talMw 
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As  III*  mercor;  in  It  linki.  the  oiuKtic  poluh  maulfns  the  ndn  of  Ui»  nihr,  tl 
expofling  a  very  Urge  absorbing  saHWce.  In  «  fpv  minut^a,  the  vhole  of  tab  Ojbo 
BCid  ii  absorbed  ;  and  the  abaorption  may  b«  rendered  etill  more  speedy  and  oertuo. 
raising  tbe  traogh  and  opening  Che  stopcock  r,ea  thxt  the^  may  again  be  drawn  i 
the  meaBuring  ta!<e  and  afteniarda  fbrced  badi  a  Becood  time  into  the  UbonCorj-tQ 
thus  bringing  it  iii  contact  with  a  freshmrface  of  potash.  It  ha*  been  aliovTi  that  il 
thin  operation  has  been  repeated  twice,  no  approciable  amouat  of  carbonic  acid  remi 
mubsorbed.  As  it  is  essentinl  that  none  of  the  absorbing  liquid  shaiild  ever  [ 
orer  into  the  meusnring-tube,  the  error  arising  tnxa  an  amoont  of  gas  remainin; 
the  capiilary  tabey  t  r',  is  best  eliminated  by  always  making  tliia  a  constant  qnant 
which  IS  done  by  closina  tbe  stopcock  r',  when  the  colomn  of  liqoid  reagent  or  nwic 
arrires  at  a  certain  mark  r. 

The  absorption  being  completed,  the  lerel  of  the  memiy  in  tbe  tube  a  ft  is  a; 
brought  to  the  mark  a,  and  the  differeoee  of  height  h'  of  the  mnxmy  in  thetro  tu 
a  6  and  c  il,  is  read  otF.  u'  the  height  of  the  barometer,  la  ako  not^  If  the  ten 
ratore  of  the  water  in  the  cylinder  has  changed,  it  mnat  be  restoretl  to  tbe  oris 
tempeiBture  (,  by  the  addition  of  hot  or  cold  water.  The  elastic  force  then  of  tbe 
depriTed  of  carbonic  acid  and  dry,  ia  ff  +  k'  —  f ;  and  oonseqneatly  (H  +  A  — y^ 
(U  ■*■  K  -  f)  '^  H  ~~  H.'  *  k  -  K.itVae  dimination  of  elastic  foree,  eanovl  bj 

nbtmrption  of  the  carbonic  add ;  and jj j -i represents  the  prupurtioi 

carbonic  acid  in  the  gas  when  diy. — The  proportion  of  oxygen  in  tbe  nonaitung 
Las  now  to  be  determined.  Hie  laboratory-tsbe  ia  detached,  thraonghly  washed. 
dried,  first  by  means  of  paper,  and  afterwards  by  bringing  it  into  connection  witt 
air-piunp.  It  is  then  again  filled  with  mercury  and  fitted  on  to  the  measnri 
The  trough  n  ia  now  rained,  and  the  stopcork  R  opened.  On  now  tnming  the  n 
the  mercui?  in  t)^  laboratoiy-tube  passes  into  the  capillaTy-tobe  a  r,  and  ia  allowo 
OTDceed  as  ur  aa  a  given  mark  t;  when  it  reachnthis  mark,  the  atopcocksr  r'  anedoi 
The  mercu^  in  tbe  measuring-lnbe  is  then  again  brought  to  the  point  a,  and 
difference  of'^the  level  A*  and  the  height  of  the  batmneta  n  read  oK  H"  *■  A* 
is  therefore  tbe  elastic  force  of  the  diy  gas  now  in  the  apparatna,  a  nnall  qnan 
(about  s^)  (^  the  whtde  having  been  lost  by  detaching  the  labctfalory-tnba.  1 
second  meaaorement  prerenta  any  inaocnnuy  thence  ariaing. 

A  proper  quantity  of  hydrogen  is  now  inbodaced,  and  a  nnifbrm  mixtorc  of 
whole  prodoced  by  passing  the  gas  two  or  three  times  backwards  and  Ibrwards  t 
the  laboratory-tube  into  tbe  neaaoring  tube.  When  thorouahly  miyd,  the  colom: 
me^cnry  is  again  brought  to  the  mark  t,  and  the  gas  in  the  measuring  tube  (o 
point  a.  The  diffetence  of  height  A"  of  the  two  colnmns  of  mercury  is  read  oC 
the  height  /f  of  the  banmeter.  B~  +  A"  —  /  ia  therefore  tbe  slaatio  fbioe  of 
miituie  of  hydrogen,  qiygen,  and  nitrogen.  The  capillary-tube  ra,  ia  now  o 
pletely  filled  with  mercury,  so  that  none  <A  the  gas  shall  escape  combustion,  ami 
electric  spark  passed  through  the  mixture.  After  the  explosion,  the  stopcocks  r  r' 
carefully  opened  and  the  gas  subjected  to  a  slight  pressure,  so  that  the  meitoi 
forced  back  along  tlw  cspiilary-tQbe  till  it  arrives  at  the  point  t  ;  Ihe  stopcocks 
then  again  dosed,  and  the  gas  eipanded  as  before  to  the  mark  a.  Its  elastiei^ 
now  be  represented  by  H~  *  H'  -  f.  Conseqnently  (H"  +  *-_/)_  IH" 
IT  -  f)  ~  H"  -  H~  *  K-  -  IT.  it  the  elastic  force  of  the  gaseous  mill 
which  disappeared  during  the  combustion  ;  ^  {H"  —  H"  +  h"  —  h")  is  tbe  ela 
fcrce  of  the  oxy^  contained  in  the  dry  gas,  of  which  the  elastic  force  was  /f "  +  A"- 

*""  J ijs   .   i»  _  / ■•  ^  proportion  of  oxygen  contained  in  the  gaa  w 

freed  from  carbonic  acid,  whence  the  proportion  of  oxygen  in  the  oriitinal  iraa  nai 
easily  deduced. 

As  the  gaa  is  made  to  occopy  a  constant  Tolome  dnring  the  whole  analjns,  I 
entirely  remorea  the  necessity  of  calibrating  any  of  the  tubes.  Tbia  sppantm  n 
bowBTer,  be  need  ia  a  different  way.  and  then  the  calibrating  of  the  tube  o  b  beeoi 
necessary.  In  this  case,  instead  of  always  brinoing  the  gas  to  a  constant  Tolnme  i 
reading  off  the  preaanre  it  supports,  the  pressure  IB  retaineS  constant  and  the  diffcrt 
of  volume  read  off.  The  calibration  of  the  tube  abia  eflecled  by  fll'ing  it  compirt 
with  mercuiy,  and  then  allowing  a  small  quantity  to  tkm  oat  through  the  stopeod 
eoUecting  and  weighing  this,  then  reading  off  on  the  tube  the  beiSit  throng  wii 
the  mercury  has  fallen.  Tbe  temperature  of  tbe  water  in  the  cylimfo  abould  be  k 
constant  during  the  whole  operation. 

The  apparatus  of  MM.  Renault  and  lU-iset  loaves  but  little  to  be  dniied  w 
regard  to  the  rapidity  with  which  analyses  con  be  made ;  but  thia  rapidity  is  t. 
certain  eitent  obtained  at  a  aacriflcs  of  accnracy.  considerable  diange  in  the  bull 

r  operated  on  beine  represented  by  only  a  small  chanire  in  the  amount  of  prrsti: 
I  comparison  made  by  Messrs.  Fr^mkland  and  Ward,  of  the  mcthinis  of    Bnu, 
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n  that  BQ  error  of  ^  of  a  mUlimetre  in  tlu  fint  obaer- 

nsnlt'B  method  nn  error  in  the  percenta^  Wnoonl,  tevra 

'hen  BauMna  method  wM  mdopted.      There  u 

1 '— inllM^liadoritpreoUaly 


the  socketH  b  e  e,  can  be  made  to  comrnoiiiaito  with  each 
e  A  at  plea«nie."  p,  o  and  B  are  three  glass  tubes  vhich 
hs  rape  eii.  w  and  ■  aie  each  IB  to  20niin.  internal 
difference  in  the  capiUaiy  action,  ore  (elected  of  as  nearlj 

The  tube  O  is  somewhat  wider,  and  aar  be  continned  to 
ove  the  tjlinder.  b  ii  acenraldy  graduated  into  milli- 
kt  the  top  with  a  (mall  fmmd  t,  into  the  neck  of  vhich  a 
in  diameter,  is  carefallj  gronnd.  The  tube  r  terminatea 
the  capiUarj-tube  i,  whidi  is  ciirefijUy  cemented  into  the 
u  ako  fiised  into  it  at  fn  two  pltfinnm  Tires,  for  the  paasaga 
r  this  tube  has  been  firmly  cemented  into  the  cap  e,  its  in- 
diridnl  into  ten  equal  parts.  This  is  done  firet  by  filliiu 
pply  tube  o,  np  to  it*  junction  with  the  capillaij  tube  i,  and 
a  ran  off  through  the  noctle  A,  until  the  highest  point  ot  the 
sion  10  prerioosly  madc^  so  as  euctly  to  coincide  with  the 
1  on  a.  The  weight  of  the  mercury  thus  run  off  Ib  care- 
tube  is  again  filled  as  before,  and  divided  into  ten  equal 
uy  to  runoff  in  succeeaiTe  lenthi  of  the  entire  weigh*,  and 

top  of  the  meniscus  after  each  abstraction  of  tixe  meta^ 
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b;  amviiig  ■  mail  copper  ring  on  to  the  tube  tX  that  paint  B7  nnng  proper  | 
CBUtiona  with  regard  to  tempentare,  Ac,  id  eieeedinglT  >rcnrat<  eslibntion  au 
mnde  in  thu  irny.  In  practice,  however,  it  is  found  mudi  eaeier  to  iziake  the  calit 
tii>n  in  the  following  nunner.  The  ten  copper  rings  ere  screwed  on  to  the  tube  fi 
at  aboat  equal  diat&ncea  apart,  but  withoDt  iinj  MlatiiHi  to  the  eipad^  of  the  tt 
which  is  ^erwarde  ucertsiDed  br  expanding  the  Mune  volume  of  gu  down  to  e 
of  the  ten  dirisioDS,  and  reading  off  the  height  of  the  colnmn  of  ineTciii7  in  the  t 
B  in  each  instance.  The  waj  in  which  the  Liboratoij  tube  i  is  joined  to  the  nal 
the  appantoi  is  preciioly  umiUt  to  that  adopted  hj  MM  Regnanlt  and  BeJMt. . 
alreiidy  described, 

AV'Uen  the  instroment  is  thns  far  completed,  it  is  requisite  to  ascertain  the  hd 
of  each  of  the  nine  upper  diTisions  on  the  tube  above  the  lowest  or  tenth  diTini 
this  is  Te>7  accurately  effected  in  a  few  minulce  bj  carefully  lerelling  the  inatnua 
Giling  the  tube  o  with  m«rcaiy,  opeiiiiig  the  cock  I,  and  the  Btoppued  ftnmel  i,  : 
placing  the  cock  /  in  each  a  position  as  to  cause  the  tabes  r  H  to  oontmiuiicate  1 
the  eupplj-tnbe  o.  On  now  sUghtlj  turning  the  cock  a,  the  mercnij  will  ilaw]r 
in  each  of  the  tubes  r  and  h;  wheu  ila  conTei  snr&cs  exactly  eoineidee  with 
ninth  diTiaion  on  r,  the  Influx  of  metal  is  stopped,  and  its  height  in  «  acmra! 
observed ;  as  the  tenth  division  on  r  conesponds  with  the  aero  of  the  scale  npoD 
it  is  obvious  that  the  aomber  thus  read  off  is  the  height  of  the  ninth  division  ab 
the  zero  point  A  similar  observation  for  each  of  the  other  divisions  upon  r  eompli 
the  instrument 

Brfore  using  the  appantoa,  the  large  cjlindei  d  d  is  filled  with  water,  and 
inside  of  the  tubes  F  and  a  are  once  for  all  moistened  with  distiUed  walai.  by 
iutrodnetion  of  a  few  drops  into  each,  as  in  Begnault'a  appantoe.  The  three  to 
being  then  placed  in  communication  with  each  other,  mercui;  is  poured  into  a  n 
it  risn  into  the  ciq>  1,  the  stopper  of  which  is  then  firmly  cloaed.  When  the  nerc 
begins  to  flow  from  I,  that  cock  is  also  dosed.  Thr  tubti  f  and  n  are  now  apparu 
filled  with  mercuty,  but  a  minute  and  imperoeptibla  film  of  air  still  exista  bpti^ 
the  Dielal  and  the  glasi :  this  is  effectually  got  rid  of  by  connecting  r  and  K  n 
the  exit- tube  A,  and  allowing  the  mercury  to  flow  out  until  a  vacuum  of  several  iuc 
in  length  has  been  prodnced  in  both  tubes.  By  allowing  Uie  instnimeat  to  remain  t 
for  an  hour,  the  whole  of  the  film  of  air  above  mentioned  will  diffbse  itself  into 
vacuum,  and  will  become  visible  as  a  minute  bubble  in  each  tube,  on  allowing 
vacuum  to  be  filled  op  from  the  supply-tube  o.  By  opening  for  a  moment  the  stopp 
and  the  cock  I,  whilst  0  is  full  of  mercury,  these  bubblea  are  expelled.  The  absorxit 
or  laboratory-tube  1  being  then  filled  with  quicksilver,  and  attached  to  i  by  the  so 
clamp,  the  instrument  is  ready  for  use. 

The  method  of  introdiicing  the  gas,  applying  the  abBorbenta.  and  passing  the 
from  one  tube  to  the  other,  is  in  this  apparatus  so  precisely  similar  to  that  adoptee 
asing  B»nault'a  apparatus,  and  before  described,  that  it  need  aot  be  fiirther  di 
npon.  The  method  of  reading  off  the  amount  of  gas  is,  however,  different,  ; 
requires  a  few  words  of  explanation.  When  the  gas  has  been  passed  over  1 
the  tube  r.  mercury  is  allowed  to  flow  out  of  the  stopcock  /,  until  a  racnnm  of  t 
or  three  inches  in  length  is  formed  in  H,  and  the  metal  in  r  is  just  below  oni 
the  divisions ;  the  cock  /  is  then  reversed,  and  the  mercury  very  gradoalW  admit 
from  o  untQ  tbe  highest  point  in  r  exactly  corresponds  with  one  of  the  dinalons 
that  tube ;  that  this  is  really  the  case,  must  afterwards  be  ssoertained  by  viewinj 
tlirough  a  telescope.  The  height  of  the  mercuty  in  the  tube  h  is  then  read  o£ 
the  division  on  tbe  tube  F,  to  which  the  gas  has  twen  expanded  is,  fbr  instance, 
fourth,  then,  from  the  number  read  off  on  the  tube  B  must  be  deducted  the  height 
this  fburth  division  above  the  lero  point  c^  the  tube.  The  remainder  will  express 
volume  of  the  gas;  but  in  otder  to  compare  this  with  subeajuent  reading*  madi 
other  divisions  upon  r.  the  number  thos  obtained,  which  npresenla  tbe  pressure  of 
gas,  is  reduced  to  what  it  would  have  been  had  the  gas  been  expanded  to  the  tei 
division  of  r.  This  is  very  simply  done,  by  merely  multiplying  tbe  nnmber  re[ 
senting  the  preesure  of  the  gas  by  a  fraction  whose  denominator  is  10,  and  nmnen 
the  number  of  the  division  to  which  the  gas  has  bean  aipanded ;  thus,  in  theeaieBb 
cited,  the  multiplier  would  be  OA. 

The  following  are  the  lesulta  of  an  analysis  of  air  mads  by  Muuui  i.  FranUand  1 
Ward. 

Volume  of  air  need.     (Determined  at  fifth  division  on  F.) 

Obaerved  height  of  manmry  in  s  ....     973-0  mm. 

Height  of  fifth  division  above  aero  ....    SSS-O 

Corrected  pressure  of  gas  .....    SOO'D 

•S 

Corrected  pressure  of  gas  at  (enlh  diriaion     ,        .        ,     ItS'O 
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m  of  appantni  ii  to  thit  of  It«giianlt,  and  empable  u 
.  npid  raialta.  (till  there  mtb  delect!  in  it  which  deDict 
aloe.  The  prindpal  of  thew  is  the  great  difficnlty  tbers 
the  ipparatiu  in  ■  pcHeclly  air-tight  condition,  eepeciully 
D  be  joined  and  Mporatcdonee  or  twice  during  unaualjais. 
laa  alao  been  foond  to  ariae  from  the  reiy  ftsgile  uatnrs 
ev«D  when  full  of  mercot^,  ii  only  inpported  by  the 
I  foaed.  and  eoDBeqnently  the  alightcat  blow  or  preasura 
Ipvnile  at  thia  paint  of  jnoctioo.  Some  difficulty  IB  alaa 
(Iter  in  the  cyHnder  at  exactly  Ihe  nuae  temperatars 
9  analyeia.  Re^^naolt,  aa  before  Hated,  Buggeala  adding 
squired  temperature  a  obtained;  thiB  ia  an  operation 
,  nsd  without  much  care  ia  likely  to  lead  to  Ulafioiu 
jropoaed  naing  a  (tream  of  water  direct  &om  the  atreet 
«r  at  the  bottom,  and  ia  allowed  to  flow  olT  by  an  exit- 
k  great  improTement  upon  Bcgnaniti  method,  but  aran 
vanationa  oceaaionally  occur, 

principal  forma  of  apparatna  naed  in  the  analyniof  gaao^ 
metboda  to  be  adopted  for  the  aeparatioD  and  qnaatita- 

li  contitucnta  which  may  occur  in  a  gaaeona  mixtnre. 

Lnity  for  any  particular  reagent,  are  estimated  directly  by 

he  aboorpl ion-tube  ;  bataioce  many  gawe  are  not abaorS- 
and  indirect  method  haa  to  be  adopted,  aa  for  ioataiKC^ 

1  is  estimated  by  exploding  it  with  oxygen  and  obaerTing 

ice  ensuing, 
which  gasee  are  ertimatcd  directly  and  which  indirectly. 

[ygen  and  carbonic  oiidc^  will  be  fbond  in  both  liata,  aa 

ii  method. 

I  tttimaied  bg  tit  dtrtet  methed. 

Inius).  Carbonic  acid  (anhydrcma). 

Carbonic  oxide. 


Gattt  titimated  inJirvtig. 

1  Light  esrburetted  hydrogen. 

Ethyl 
JlethyL 
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The  gHtea  eatimuted  bj  abioiptioD  mty,  &r  uulytieal  puipoMa,  be  ««4tmii> 
divided  into  thivo  groups. 

Ist  Gtonp :  —  HydrocUorie  add ;  Bydnhromie  add ;  Bgdnodie  add.  TheM 
absorbable  b;  ttnuuof  iniphttflof  aodinin. 

2Dd  Group ;  ^-  Hydrotulphvric  add  ;  SvSpkuntat  add ;  Carhonie  add.  Tata* 
•bsorbed  by  cans  tic  potash,  bat  not  \e}  sulphite  of  sodiam. 

SiilOroup: — Oxygen;  Silric  oxidt;  Carbonic  oxidt ;  Ol^fianl  fa*.  ThcM 
neiUier  absorbed  hj  HnlphtOe  of  sodium  nor  b;  caustic  potash.  With  ragird  tl 
manner  of  appl^g  the  reagent,  if  the  appatiitiu  of  Regoault  or  FranUand  be 
a  few  drops  of  a  veij  strong  solutioa  of  the  reagent  are  iatradnced  into  the  labon' 
tube,  bjr  means  of  a  bent  pipette,  as  little  of  the  liquid  bfdng  used  ss  ponible,  to 
vent  an;  appreciable  loss  arising  from  its  abaoTbing  power.  But  in  using  Bun 
method,  or  that  proposed  bj  Williamson  and  Russell,  the  reagent  must  be  introd 
ID  a  solid  fbnn  if  possible,  or  if  neccasaril;  a  liquid,  some  porma  lubatance  moj 
saturated  with  it. 

Etlinaiion  of  iki  Gam  a/the  \il  Oroitp.—Th»  sulphate  of  sodium  iaii 
docedinto  the  gas  bj  fliat  melting  it  in  itM  water  c^  crystailiastioa,  and  then  dii: 
into  it  the  end  of  a  platinum  wire  wbidi  has  bees  bent  into  a  short  coil ;  this  is  rcp( 
aereral  times  until  a  ball  of  the  aulphate  of  nifflcient  size  is  obtained.  If  ma 
thess  acids  is  believed  to  be  preeent.  the  ball  should  be  of  a  large  siie,  or  el* 
sulphate  of  aodium  is  apt  to  become  deliquescent,  and  ma  down  the  sides  of  the  i 
All  aqueous  vapour  munt  also  be  carefuUj  removed  &om  the  gas  before  introdudni 
Bal[duite  of  sodium.  This  is  best  accomplished  hj  means  of  a  ball  of  phosphoric 
which  ma;  easily  be  made  hy  dipping  the  coiled  end  of  a  platinum  wire  into  hot  L 
phosphoric  acid  ;  a  drop  adheres  Co  the  wire,  and  then  as  the  acid  cools  the  siae  oJ 
ball  IS  increased  to  about  thst  of  a  large  pea,  bj  turning  it  round  in  the  Tiscoua  m 
mass.  The  thickness  of  the  platinum  wires  used  in  these  experiments  should  be 
that  the  balls  of  teagent  maj  be  easilv  poshed  into  the  eudiometer  without  the 
bending.  Great  care  must  also  be  taken  that  the  suifaoe  of  the  ball  is  as  BmOD 
possible,  or  adhering  air  will  be  introduced  into  the  fcas,  and  some  of  the  g&s  rem 
on  witbdrswing  the  ball  Oxide  of  bismuth  or  linc  maj  also  be  used  for  abaoi 
the  members  of  this  group.  A  ball  of  these  eubatances  is  best  made  bj  applyitii 
moist  oxide  to  the  end  of  the  platinum  wire,  and  then  igniting  it  in  t^a  flame 
apirit-lamp.  The  results  obtained  with  these  alnorbeata  are,  however,  general); 
quite  so  accurate  as  those  obtained  with  the  sulphate  of  sodi  um.  The  different  meu 
of  this  group  cannot  be  separated  hj  an;  CDdioraetrical  piocess.  If  seversJ  of 
oecnr  together,  the  ball  of  sulph  '-  '  -  "  -<•-■-. 
wards  be  dissolred  in  water,  a 

EelimalioHoflhe  Gaietofthelnd  (7roup.— AssUted  aboTe,the  membr 
this  group  are  all  absorbed  by  caustic  potash.  A  ball  of  this  aabstance  is  miu 
(bsing  cauaticpotash  and  addjDgsniScient  water  to  render  It,  when  cold,  soft  enouj 
TeceiTe  as  impression  from  the  nail ;  the  end  of  the  platinum  wire  bent  into  a  c 
then  placed  in  a  butlet-mould  of  conrenient  size,  and  the  fused  potash  poured  in 
the  ball  shonld  adhere  flrmlj  to  the  mould  when  cold,  as  is  sometimes  the  CHiw. 
must  be  applied ;  it  will  then  easilj  be  removed.  On  uning  a  potash-ball  for  absoi 
eases,  it  mmtt  always  be  moistened  with  water  before  introdndng  it  into  the 
Whtn  oueh  gas  has  to  be  absorbed  b;  this  means,  the  potash-ball  should,  siter 
boon,  be  remoied  from  the  eudiometer,  washed,  and  then  again  introdnced.  It  h1 
be  allowed  to  remain  some  four  to  six  hours  in  contact  with  the  gas,  in  order  to  ei 
complete  absorption. 

Hydrotidphuric  add. — This  gas  is  best  absorbed  by  means  of  a  ballof  perozli 
luangaDese.  The  manganese  is  ven  finely  powdered  and  made  into  a  thin  paste, 
water ;  this  is  introducM  into  a  bullet-mould  with  the  platinum  win  in  it,  and 
dried  on  a  hot  aand-bath.  If,  however,  this  hall  were  at  once  introduced  ii 
gaseous  mixture,  it  would,  from  its  porous  nature,  abwrb  en  appreciable  amnu 
other  gases  besides  hydrosulphuric  acid.  To  obviate  this,  the  baQ  before  baing 
should  be  thoroughly  moistened  with  a  syrupy  solution  of  phosphoric  acid ;  care 
however  be  taken  that  this  does  not  soften  the  balL  or  it  may  faU  to  pieces  on  att( 
ing  to  introduce  it  into  the  eudiometer.  There  is  also  another  method  of  (vtim 
this  gas,  but  it  Ls  applicable  only  when  sulphurous  acid  is  not  present.  A  [lOtssl 
containiog  a  large  quantity  of  water,  but  not  moistened  externally,  so  tjut,  oa  ' 
drawing  it,  none  of  the  potash  remains  in  contact  with  the  mercury,  is  introduced 
the  eudiometer;  this  absorbs  the  hydrosulphurio  and  carbonic  acid,  if  acy  !s  on 
"  Distilled  water  acidulated  with  acetic  acid,  is  then  boiled  Id  two  flasks  ontil  al 
disBolved  air  has  been  removed;  the  contentsof  one  flask  is  thenpoorad,  whilst  tn 
into  tlie  other,  filling  it  up  to  the  top  of  the  neck.    The  flask  is  then  w(dl  closed 
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(H^fianl  gai. —  This  gni,  together  with  all  othen  of  the  fonnnU  OH^,  u  t 
•od  rapidly  absorbed  l^meuuof  anhjdroaii  lalpburic  acid.  dinolTed  in  aba 
equal  weight  of  the  monoh^dnled  &dd,  Thii  nuitnre  ia  best  iDtmdaced  into  th 
\ij  utnTBting  >  odu  bnUet  with  it  The  ballet  ii  nude  bj  uking  ■  Snely  povi 
mixture  of  rq>u!  porta  of  fannel  eovX  and  coke,  or  sDthrsdte  coal,  and  ancr  i 
dneing  the  pUlinom  wire,  «)mpr«BiDg  u  much  ae  poeaible  of  the  miztim  iot 
buIlet-Tnonld,  which  ii  then  carefoUj  iind  slowly  beatM  to  r«diieaii.  B;  thi*  me 
hard  and  compart  ball  is  euil;  formed.  Before  intTDdaciiig  it  into  the  acid  mil 
H  ihonld  aliraya  be  warned  to  expel  any  moisture  prsent,  aod  after  being  oatn 
with  uHd,  muit  be  introduced  into  the  gaa  aa  qoicklr  aa  poneiUe.  The  bell,  <irim> 
drawn  after  aome  honra  from  the  eudiometer,  ahomd  atill  gire  off  denae  wfait«  ft 
on  coming  in  contact  with  air,  thus  ahowlng  that  an  exceM  of  add  waa  pn 
Owing  to  the  teoeion  of  the  anlphnric  acid  inlrodnced,  and  ths  mlphnnnie  acid  \ 
it  tbrmad,  the  bulk  of  pcsa  ia  the  abaorption-tuba  generally  increaaea  imtead  of 
niahea,  on  Sent  introducing  the  coke  bullet.  To  remore  the  aeid  THpoot*  thus  tm 
aAer  withdrawing  the  ro^  bullet,  a  potaah-ball  must  be  iDtrodnce^ 

After  the  coke  bullet  baa  beea  withdrawn,  although  at  preaent  there  ia  no  i 
method  known  for  separating  asd  estimating  aingly  t£e  different  hydroearboiu  h 
the  general  formula  C'H^.  still,  if  two  of  tliem  occur  together,  the  amonut  of  eac 
be  esaily  detemiined  by  an  indirect  method  to  be  described  fitrther  on. 

Quaa  ismuTBD  ihdibbotlT — In  eatimaliog  the  gasea  belonging  to  thii  di 
Bunaen'a  method,  tho  long  eudiometer  ia  always  used.  Aft«r  having  completed  tt 
aorptiooa  in  the  abort  tube,  a  portion  only  of  the  gaa  ia  introduced  into  the  eodioi 
the  amount  depending  on  the  nattue  of  the  guea  opented  on.  In  moat  cai 
Toliune  occupying  about  120  mm.  on  the  aeale,  will  M  fbond  conTenienL.  C> 
precautions  me,  however,  neceasory  in  uaing  the  tube  for  exploding  gxaca.  In 
to  close  aecUrelT  the  open  end  of  the  eudiometer,  ao  that  no  gaa  may  be  force 
at  the  moment  of  explosion,  a  small  round  piece  of  cork  or  wood,  of  rather  grent« 
meter  than  the  eudiometer,  is  covered  on  one  side  with  a  thick  piece  of  caouti 
and  the  other  is  so  shaped  that  it  rests  firmly  on  the  bottom  of  the  mercnry-tr 
Before  exploding  the  gia,  the  eudiometer  is  tightly  preaaed  down  on  to  the  caimtt 
and  held  firmly  m  this  position  by  a  wQodea  arm  preasing  ou  the  top  of  it.  In 
to  prevent  any  air  adhering  to  tlie  surface  of  the  CHouIchooe,  which,  atttn  th 
plosion,  owing  to  the  diminution  of  presaure,  might  be  sucked  np  into  the  oodioi 
the  caoutchouc,  before  introducing  it  uuder  the  mercury,  ahould  always  be  moie 
with  a  aolntion  of  corrosive  aublimate.  which  causes  the  mercury  to  adhere  c 
to  it.  ind  entirely  removes  the  poaaibility  of  any  air  being  introdoced  into  the  i 

It  will  be  lound  convenimt,  aa  it  savn  much  lime  and  caleulation,  to  form  fa 
eudiometer  a  table  of  Tolumea.  This  ia  done  by  introdacing  a  amall  tube  full  c 
and  then  reading  off  the  height  at  which  the  merciuy  sUoda ;  a  aecond  tube  full  ii 
introduced,  and  the  height  of  the  mercury  agaiD  read  o&^  and  so  on  till  the  eudio 
is  filled  with  air.  By  noting  down  the  lerol  of  the  mercoiy  in  the  tube  after 
addition  of  sir,  the  succtsaive  differences  of  these  DOmben  express  the  bulk  ( 
aame  amount  of  gee  under  different  preasDrea,  these  preasnrea  depending  on  the  t 
in  the  eudiometer, 
sllowing  ia  part  of  a  table  farmed  in  thia  waj :  — 

iJl^SUL"  DUfcmotm. 


Theftiflow 


4    .  .        .    lei    .        .        .        .30 

6    .        .  .    187    .        .        .        .26 

The  use  of  thia  table  is  to  enable  the  operator  to  see  at  a  glance  the  amount  c 
to  be  added  when  the  mixture  is  to  be  exploded  ;  for  instance,  suppose  the  heig 
the  mercury  in  the  eudiometer  waa  131,  and  the  nature  of  the  gaa  aneh  that  : 
3  vols,  of  oxygen  had  to  be  added,  in  order  that  on  explosion  of  the  proper  degi 
intensity  should  take  place ;  hj  referring  to  thia  table  the  operator  iranld  see  at 
that  oxygen  must  be  added  till  the  mercury  falls  to  IS7.  Aa  ths  object  of  the 
is  only  to  ahow  about  how  much  gaa  bos  to  be  added  under  di%rent  cinmmsti 
nny  great  degree  of  accnraqy  in  finTning  it  is  not  necwsaiy.  The  roadines-off  c 
heights  of  the  mercuty,  after  each  addition  of  sir,  may  be  made  wifJiout  the  leln 
and  any  alteration  in  the  heighle  of  the  thermometer  and  barometer  dnring  the  e 
tinn  need  not  be  taken  into  account 

The  explosion  of  the  gaseona  miituie  is  beat  effected  by  menus  of  an  electric  a 
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For  Tftry  exact  experiments,  the  bydrogen  should  be  obtained  bj  another  orocev^ 
which  yields  an  absolutely  pure  gas,  namely,  from  the  electrolytic  deoompoution  uf 
water.  For  the  generation  of  this  gas,  an  apparatus  similar  in  form  to  that  vaed  for 
obtaining  tlie  detonating  gas  {Jiy.  10\  may  be  used.  Instead,  howerer,  of  tvo 
platinum  plates,  only  one  is  used,  and  the  positive  pole  consists  of  a  {datiDUm  wire 
melted  into  the  decomposing  cell  ut  the  bottom,  and  there  brought  in  oontact  with  a 
layer  of  mercury  amalgamated  with  zinc.  The  acid  liquid  is  of  the  same  draree  of 
Btrength  as  in  the  former  appar.it us.  On  now  passing  the  current  of  a  batteiy  thnngh 
it  in  the  proper  direction,  pure  hydrogen  is  evolved,  and  is  dried  by  passing  through 
a  Rmall  vessel  containing  sulphuric  acid,  or  a  tube  containing  chloride  of  <m&ium. 

Uifdrogtn. —  The  method  of  estimating  this  gas  is  precisely  the  Terene  of  that 
adopted  for  the  estimation  of  oxygen.  Tne  amount  of  hydroeen  present  is  repneentad 
by  fl  of  the  contraction  caused  by  explosion.  The  oxygen  added  is  best  prepaied  firom 
powdered  chlorate  of  potassium,  contained  in  small  retorts  of  about  tLe  capacity  of 
eight  or  ten  cubic  centimetres. 

These  little  n^torts  are  easily  made  by  blowing  a  bulb  at  the  end  of  a  piece  of  gla« 
tubing,  then  introducing  the  powdered  chlorate  of  potassium,  and  afterwards  bcndins 
the  tube  a  little  above  Uie  bulb,  so  as  to  give  it  the  form  of  a  retort.  The  open  end 
should  also  be  bent  upwards,  in  order  that  it  may  be  introduced  into  the  endiometn. 
The  air  is,  of  course,  first  thoroughly  expelled  by  evolving  a  considerable  amonnt  of 
gas  before  any  is  allowed  to  enter  the  eudiometer. 

Carbonic  Oxide, — The  method  of  estimating  this  gas  by  absoqption  has  already  beet 
explained ;  it  is,  however,  most  accurately,  and  in  most  cases  most  easily  estimated  hj 
exploding  it  with  oxygen,  and  then  absorbing  the  carbonic  acid  fiomned  by  means  ol 
potash. 

Light  Carhuretted  H'/drogen  (Marsh-gas).—  This  gas  is  also  estimated  by  «»iJ«^'"g 
it  with  oxygen,  and  measuring  the  contraction  which  nas  taken  place  and  the  ammmt  of 
car1x>nic  anhydride  formed.  This  gns  and  all  hydrocarbons  containing  their  csriwa 
and  hydrogen,  as  they  do  in  a  condensed  form,  require  much  greater  dilution  with  non- 
combustible  gases,  in  order  to  modify  the  violence  of  the  explosion,  and  prevent  the 
oxidation  of  any  nitrogen  which  may  be  present.  Pure  light  carbnretted  hjdiogeB 
should  be  diluted  with  from  8  to  12  volmnes  of  air  and  2  of  oxygen,  in  order  that  it 
may  l>e  exploded  so  as  to  yield  accurate  results.  The  object  of  using  air  iiMrf^«<<  si 
merely  oxygen  as  the  diluent  is,  that  if  the  gas  has  afterwards  be  •»**■*■•«*  for 
nitrogen,  the  amount  of  ox^'gen  which  would  be  present  would  probaUj  be  so  bugs 
that  the  eudiometer  could  not  contain  sufficient  hydrogen  to  explode  it. 

Ethifly  Ml  thy! ,  ^c, — These  hydrocarbons  are  easily  estimatea  by  simple  combostiQa 
wltli  oxYf2:en,  and  measuring  the  amount  of  carbonic  acid  formed,  ears  only  beiag 
taken  that  they  are  sufficiently  diluted  with  incombustible  gas.  To  pors  ethyl  sons 
20  times  its  volume  of  air  should  be  added,  and  6  or  7  volumes  of  oxygen.  ICethy], 
on  the  other  hand,  requires  only  about  8  volumes  of  air  and  2  or  3  of  oxygen.  In  operat- 
ing with  a  mixture  which  may  contain  any  of  these  gases,  and  of  entirely  vnlmowB 
eomposition,  the  l>est  method  of  proceeding  is  to  add  at  first  so  much  air  and  o^ygei 
(hat  even  if  the  whole  of  the  gas  were  ethyl,  an  explosion  of  not  undue  Tiolenee  would 
take  place.  If  the  gas  should  not  explode  on  possine  tiie  spark  through  it,  then  a  small 
qiuintity  of  electrolytic  gas  or  hydrogen  must  be  added.  In  this  way  all  danger  of  a 
violent  explottion  may  be  avoideo.  The  solubility  of  the  gases  in  strong  alcohol  msy 
sometimes  be  examined  with  advantage,  in  order  to  ascertain  ronghlj  what  is  ths 
composition  of  the  gas  operated  on,  and  consequently  how  much  diluent  it  is  neoesssiT 
to  add.  1  volume  of  alcohol  will  dissolve  some  18  volumes  of  ethyl,  while  of  methyl 
and  hydride  of  etlivl  it  dissolves  only  about  its  own  volume.  With  reg^od  to  thess 
two  gases,  metliyl  and  hydride  of  ethyl,  since  they  are  isomeric,  and  in  equal  TohnnsB 
contain  the  same  amount  of  carbon  and  hydrogen,  they  cannot  be  distingoiahed  liy 
any  eudiometrical  process. 

^he  metho(h)  adopted  for  calculating  the  composition  of  the  gas  from  the  data  whidl 
have  been  thus  obtained,  are  as  follows : — ^With  the  gases  that  are  estimated  diiwti|j 
the  nature  of  the  calculation  is  easily  understood.  By  taking  a  definite  «»»™pl^  the 
method  used  in  calculating  the  amount  of  combustible  gases  in  a  mixture  will  be  rendaed 
▼erv  obvious.  Suppose  then  that  the  gas  introduced  into  the  long  eudiometer  oontaiM 
hydrogen,  carbonic  oxide,  light  carbnretted  hydrogen,  and  nitroffen.  OimeB  woold 
be  introduced,  the  mixture  exploded,  and  the  carbonic  acid  formed  absorbed;  then  ts 
determine  the  amount  of  nitrogen  present,  hydrogen  must  be  added  in 
mixture  again  exploded  to  remove  the  oxygen  remaining. 

Let  a  be  the  amount  of  gas  in  the  long  eudiometer, 
h       „  „      after  the  Mldition  of  oxygen* 

e        ;,  M      ^^f  ^^c  explosion, 
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loot  of  gu  after  the  ibsoiptionof  thf  rarbonic  acid, 

H       after  tbe  idditioa  of  Lj(lroge>, 

,.       after  eiploaion. 
I  folloidag  data  are  dednced :  — 

le  gaa.  C,  the  Talome  of  uarboaic  and  fomud. 

iBiuned.  D,  „  nitrogea  prcstot. 

S  oijgen  which  remained  naeomnmed  by  the  flnit  ex* 
lediurted  from  d,  the  nmainder  ii  eridanUf  the  aaomit 


of  oxygen  - 

wt  obtain  B,  the  amonnt  oonnuned  In  the  combnatibla 


iijdiide  fbrmed,  ia : 

being  lhn>  knoim,  it  Till  be  poedble 


Tolnme  of  hydrogen 

„      light  orbnretted  hydrogen 

„      cBTbanic  oxide 
I  the  hydrogen  and  carbonic  oxide  combine  Tith  half 
OS  the  marah-gaa  requiiea  twice  ita  Tolnme ;  and  ftirther, 
manh-gaa  on  combnition  produce  •  Tolame  of  oarbonio 
ilnme.    Theae  data  pya,  then,  tlie  three  fbUowing  eqoa- 


y  +  *   —  C 

ed  th«  Talne  of  «,  y,  and  * — 

HB-A 

ty  of  these  gases  preaait  in  .the  mixtor*.  If  another 
tent,  ita  ainount  might  also  hare  been  delermined  by  eati- 
by  the  Fiplonon  aa  weU  as  the  carbonic  add ;  or  elae 
reviouily  remoTing  the  carbonic  oxide  by  anbehloride  of 
deecribed.  Tbe  aqueous  vaponr  in  ■  gas  ia  eatimated  bj 
in  a  larger  tube,  and  filling  the  mce  between  the  two 
lich.  as  the  gaa  i>  under  a  duninietied  pnanra,  ia  quite 
e  of  the  water  into  Tapour. 

ifiant  gaa  aeries  OH^  aboold  Occur  together,  tLa  qoan- 
ndirectly  estimated  in  the  following  way: — A  complete 
isde  in  Uie  ordinal;  manner,  absorbing  us  oleflant  gaaea 
ind  exploding  the  combustible  gaaea  with  oxygen.  A 
rda  be  made  ;  bnt,  instead  of  inbodncing  inlphiiri«  add 
y^  ia  added,  and  the  whole  exploded.  The  £ffprence  in 
icid  formed,  and  in  tbe  contraction  which  ha*  taken  place 
tly  due  to  the  oleflant  gasei  pnaent 
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Let  T<diime  of  olrflant  gues  >  A 

„  „     arbonie  kcid  fonaed  —  if 

„  „     contnction  on  combmlion  —  C 

If  tha  two  giafa  uv,  for  inBtaoee,  beliered  to  be  ordiiiuy  olefluit  ni  and  batyl 
Umd,  nnca  I  volome  of  olefluit  |^  g^vea  2  TOlamm  of  carboaie  acid,  ud  3  rola 
coDtrvTtjon,   and  1  Tolume  of  bntjleoe  giTea  4  Tohunai  of  nrbonie  anhjdnde 
S  ToIuQM  eonlnetiOD,  then,  if  x  represent  the  former  g»,  ud  Ji  tho  lattac— 
I  +    y  -  .^ 
2r  +  4y  -  .B 
fl  -  2^ 

y a— 

'-^-^^ 
The  canmction  C  girai  >Iio  ■  third  fbrmnla : 
2«  +  Sy  -  C 
which,  oombined  with  the  fint  equation,  giree  the  ralnet  of «  ud  j>  to  ba: 
y-C- 


■doptedu 


The  Talnee  abUin«d  from  both  Iheea  tta  of 

f  the  foUoving  table,  it  will  be  eu^  ti 
'     '  "'       ''      unonnt  of  combnatible 


I-  SA 

ought  to  agiee. 
artaia  what  fan 

gaaea  preoect  in  anj 


Volo™  of 

To».  o 

0(G».. 

0'T«" 

uplowa. 

rx. 

0-6 

1-6 

0-fi 

O'd 

Hydride  of  methyl 

2-0 

a-0 

JO 

20 

Methjl 

3'5 

2fi 

Hydride  of  ethjl. 

36 

a-6 

Butjiene      . 

4-6 

3-S 
t-0 

6'« 

3-fi 

If  the  gaaeooi  mixtnn  eoonited,  fix  inataso^  of  hjdngeD.  carbonic  oxides  . 
Bitngen.  uid  if  .^  —  the  Toluine  of  the  gaa,  C  the  diminntion  alter  eijiLiaion.  and 
Ihe  amount  of  carbonic  acid  [voduced,  than  taking  x  ~  hydrogen,  y  —  carbonic  a 
Hid  *  —  nitrogen,  we  hare : 


)|J  +  2<7  -  iD 


SJ-20  +  D 


20  +  gg  -  «J 
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nbcric  and  piindie  mUil    Oq  boiling  thii  renduairitli  nter,  enpontlng  tb*  fllti 

lo  the  aystalluiiig  point,  preaaiiig  the  dTrrtalliiie  cnula  thna  obtuoed,  wuhing  « 
ether,  and  TWTyTt«lli»ing  front  hot  irater,  anehoic  add  cryitallisM  out  pom,  the  M 
acid  mnuniiig  ia  aolubiHi.  Cerotic  acid  aleo  jielde  anchoie  add  when  tnattd  i 
nitric  add,  but  not  bo  leadilj  la  Chineee  vox  (Backton).  —  2.  Sereral  poiiDdi 
tKe  aolid  littj  adds  of  coms-nal  oil  (obtained  b;  decompodng  the  soda  soap  «itli  dil 
nlphoric  acid,  and  di^t^lliiig  off  the  Tolatile  add),  an  digested  vith  tutric  aad 
aeveral  veeki  till  ths  oxidation  ii  complete,  and  the  man  solidiflra  in  s  vhit*  ars 
lina  magma ;  thia  product  ii  disaolved  in  tvice  its  Tolnma  of  hot  inter ;  sod 
.grannlar  iniitnn  ta  mbaric  and  anchoic  adda  vhich  lepiiratea  ia  redissoEred  . 
Ted^etalliaed  aerenl  timea,  at  last  from  vrak  alcohol,  till  the  portion  which  1 
Tjatalliana  Ont  eihibita  the  campoaltiDn  of  pore  anchoic  add.  The  mother-Utj 
iiniarated  from  the  aystalline  magma  of  aaberic  and  anchoic  adds,  costains  »er< 
otner  arida  of  the  aenea  OH*"'  'O'  (lee  Acm*,  p.  62)  ni.  pimelie,  adJiri<;  lipic, 
"     'Z.l"^' 

aDdIlS°C.(Biickton)i  partiaUrat  lie°,'coinplet«l;at  134° 'and  aolidiflesoi  cool 
in  a  flnelj  radiated  nacreona  masa  (Wira).  At  a  nlronger  heat,  it  anblinifa  i 
ptttial  deoompoaition,  emittiiig  white  inodorooa  rapoara,  iriiich  produce  a  Tai7  n 


eating  effect  when  inhaled  (Bncktoo) :  hence  the  name  (ayxtu'i  ^  mSbeatc). 
diaeolrn  in  217-1  pb.  of  water  at  1B°  C.  and  Tolatiliiwa  partiallj  when  the  aolntio 
erapoTatad  (Win).     Hot  water  disaolTee  it  readily,  the  aolution  becoming  whiter 


u-floid  on  cooling  (Bnckton).    It  dlaaolTea  also  in  alcohol;  haa  an  add  ti 

Anchoia  acid  ia  dibasic,  the  formula  of  the  nentml  anchoetei  being  C*H>*0'Jf 
It  alio  forma  add  ulta.  ^ncAiHtteo^annwniiim  ia  an  amophooa  man,  which  diso 
leadilj  in  water  and  alcohol,  and  gires  off  ammonia  when  heated,  l/tutral  anci 
e/  pclatnum  fbmu  indistinct  crjatalline  maaaea,  which  dioaolra  readily  in  wi 
The  oetiiaalt,  CH"EO',  forma  microaoopic  grannlea,  which  remain  nnaltered  at  14C 
It  diaaolna  in  3  pta.  of  cold  water,  more  readily  in  hot  water ;  aoluble  alao  in  vi 

S.ifit  (Bockton).  The  wdium-Balt  crjatallisea  more  readily  than  the  potaniiun-i 
tuiral  anchoaie  of  bariuni,  (7H"Ba"0',  ia  obfainod  by  nontralieing  the  add  i 
baiyta-water,  or  with  carbonate  of  bariom,  or  t?  precipitating  a  mtitnre  of 
•mmoniam-ult  and  chloride  of 'barinm  with  alcohiJ.  Forms  a  traniparmt  film  wl 
becomea  dull  at  100"  C.  (Bnckton),  After  drying  orer  mlphmic  add,  it  fom 
white  opaqne  masa,  haTing  the  aspect  of  porcelain  (Win).  It  ia  my  aolobli 
water,  insolnbla  in  alcohol  and  in  ether  (Bnckton).  It  does  not  appear  poniU 
add  anchoate  of  barinm  (Bnckton). 
anunoninm-Balt  formt  a  gpJatinona  predpitate  with  chloride  of  ealdMm,  w 
wim  acetate  of  fcurf.  whitish  with /frrouj  sulphate,  light  ^ck-red  with/wfis  ehloi 
and  bluioh-greeo  with  cupnc  sulphate  (Wira).  It  alio  precipitates  rin»ta](a^  mr 
rviu  aalti  and  numric  aalti  (Bnckton.)  JocAoateo/nftw  CH"Ag*0',  obtwnei 
pndpitation  &om  the  ammoniiim-ealt,  forma  a  white  powder  which  soon  decooip 
when  moist  (Wiri) :  white  flocks,  which  tie  permanent  at  r20°  C,  and  diaaolre  f 
ingly  in  water.    (Bnckton.) 

AnehoaU  of  EtAyt.  C"H»'0*-CfH"O'.(<?H*)'.— Obtained  bypMsing  hydroehl 
add  gas  into  the  slmholic  aolntion  of  the  add.  It  is  a  yellowish  Tiieid  oil.  lig 
than  water  and  haTinzan  agreeable  odonr.  It  boilaftt  32j' C.  (Bnckton).  Beco 
brown  without  Uiatilhng  at  260°  (Wira). 


.  . —  □>.    The  colonring  prinaple  of  the  alk 

not  I^Anclnna  lincloria).  It  ia  eitnct«d  by  flrat  macerating  the  root  in 
water,  to  extiact  the  mattera  aoluble  in  that  liqnid,  then  drying  it  in  a  atore^ 
exhausting  with  alcohol  The  aolntion.  at  flnt  red,  becomes  Tiolet  by  boiHu.  1 
of  a  greyiah-grecQ ;  theee  changes  of  colour  may,  howerer,  be  prerented  by  aifdii 
few  Stom  of  hydrochloric  add.  The  extract  t*  coneentratod,  and  agitated  with  et 
which  then  becomes  charged  with  the  colonring  matter,  and  yiclda  it  by  erapootia 
the  form  of  a  resinous  mass.  Anohnain  is  an  amorphoni  rabstanoe,  having  a  deep 
eolour  and  reainoQB  fracture:  the  colonr  ia  not  altered  bj  eiposnre  to  light.  It  aof 
at  80°  C.  At  a  higher  tempetBture,  it  gives  off  very  pungent  violet  Taponrt,  sin 
lo  those  of  iodine  ;  at  a  Teiy  high  temperature,  it  bd'omca  ciirWniiied,  It  is  in«oh 
in  water,  but  dissolTBS  in  alcohol,  and  enwcially  in  ether ;  oil  of  turpentine,  and  i 
oils  abo  diaaolve  it  According  to  Bolley  and  Wydler  (Ann.  Ch.  Phanu.  lii  1 
it  contains  C^H-O" ;  71-33  p  c.  C;  700  H. 

Hitric  acid  tnuisfcnna  anctiusin  into  oxolio  add  and  a  bitter  snbgtnnn-.     Con 
tnted  Bulphqric  add  diaaolret  it,  forming  a  aolntion  of  a  beautiful  amethyst  col 
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h  BtroDg  alcohol,  tnil  tha  leoidae  left  kfter  Hurtjiling  off  Iha  gm 
3l  i«  ersponted  orer  thr  ntei^bath.  >  viscid  niiin  it  obtained,  vk 
h  water  itnd  digeated  in  etior,  yields  a  •olntioQ  ftom  irliicli,  bj  c 
brown  baliam  is  obtained,  amonnting  to  about  6  per  cent,  of  tlui  f 
I  mixed  prodnct,  aad  on  treating  it  with  potash-Iej  and  dutiUing 
,  a  small  qoantit;  of  an  eueDtial  oil  (migeliea-oU)  aeparalce ;  on  ( 
^e  man  irith  the  alkaline  liquid,  a  waxy  body  {angilica-taax),  ia 
I  liqnid  Doncentratrd  to  a  certain  point  yields  a  erystalline  re 
[stilling  the  residue  with  exc(«  of  snlphnnc  add,  batrric  scid  pai 
.ter,  and  afterwards  angelio  wnd.   (Bnchner,  Aim.  Ch.  Fbarm. : 

AOZB.  CHS)'  =  ^^h|0,  [or  C^ffCflO.]— This  acid  ei 
B  archangel,  Angelica  arthanffdiM  (Bnchner,  Ann.Ch.  Fhaim.  i 
bill,  or  moschos  root,  a  drug  imported  &om  Asia  Minor,  and  pmbi 

an  umbellifcmus  plant,  nom  aniangel  roof  it  is  prapared  by  I 
yt  the  root,  cut  into  small  pieces,  with  toot  pounds  of  Itme  aid  * 
ttuongh  a  ijoth,  coocentntiiif  the  liquid,  tad  ■*"*'"'I"|3  it  with  dil 
A  complex  diatillale  is  then  obtaioed,  wbicb  is  nratratised  with  poti 
0  dirnees  over  the  water-bath.  The  residDe,  distilled  with  nufdti 
.  twice  ite  weight  of  water,  yields  first  a  distillate  of  water,  acetic  a 
id,  and  ailerwards  angelic  acid,  part  of  which  crystallisea  is  tiM  s 
ila  the  rest  passes  ioto  the  receiver ;  on  learing  ^e  distilled  liqoit 

some  days,  the  angelic  acid  diasolTed  in  it  crystallises  out.     ' 


ed  with  a  small  quantity  of  water,  and  repeat«dly  crystallised  U 
ianie  add  (Meyer  and  Zenner,  Ann.  Ch.  Pharm.  W.  307).—: 
icid  i*  obtained  b;  exhausting  the  root  with  alcohol,  evapora' ' 
bailing  the  residoal  balsam  with  stiODg  potash-satntioii,  fil' 
lie  oil,  Tni'jng  the  browa-red  ^kaline  filtrate  with  sulpha 
1  dark  hrowo  oil,  and  distilliDg  this  oil  with  water,  added  at 
itillate  continues  to  be  mixed  with  drops  of  oil    This  disti 
lace,  depoaits  aneelic  acid,  which  may  be  poriSed  by  twice  an 
'  of  sodium,  distuliug  with  sulphuric  acid,  then  dixtilliiig  it  al 


CEKt   +   KHO  -  CTTKO'   h 


be  gently  heated  with  polmriaed  and  tolenbl^  ^zj  potash,  till 
he  mass  rises  conaidcnblyi  and  hydngen  beguu  to  eac^>a.  If 
e  then  removed,  the  action  goes  on  by  itseUj  the  hydincarboo  T 
date  of  potassium  remains  mixed  with  the  excess  of  hydrate, 
widue  in  water,  taking  off  the  small  remaining  portion  of  oily  hy< 
petle,  and  tivating  the  solution  with  sulphnric  acid,  angelic  add  i 
1  the  form  of  an  oil,  which  solidifin  in  a  crystalline  maas  on  cool 
eparation  is  much  more  productive  than  the  piecedino,  pioridcd 
U  be  discoutinued  at  the  right  time.  Jf  it  be  eontiouea  too  long,  i 
illing  the  whole  of  the  hydrocarbon  not  attacked  by  the  potash,  a  i 

of  Uie  angelic  odd  will  be  resolved  into  acetic  and  propioiiic  add 

CHK)'  t  2HH)  -  C'H'O'  +  t^H-O'  +  H>, 
>f  which  Rrettly  impwU*  the   crystalliBation  of  the  angelic  a 
lit^  ii.  4490 
I  also  prodncad,  together  with  raeosalin,  by  traating  peoMdanin  i 

C"H"0'  *  KHO  -  CffKO*  +  CH*0» 
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■"  C.  boils  »t  190°,  Bnil  dislila  withoQt  dfeompOBition.  It 
-,  a  soar  bat  Rromatic  tutf,  and  reddeiu  litmiu.  It  tram* 
)kj  flame.  It  dissoIrM  aparmgl;  in  cold,  bnt  abonduit}; 
/vtallisa  iti  naedlcs  on  cooling.  Id  alcohol,  ether,  oil  of 
Molres  will]  greKt  ficility. 

and  belong*  to  the  •erica  of  aridi  whoae  genanl  fbrmnla 
lown  memben  of  which  an  aerjlic  acid  ((?),  pfrotecebia 
i.  (C"). 
U-melaU  are  ■olobla  in  water  and  alcohoL    Tht  ealeium- 

fonna  ahining  luninc,  Tu;  Bolabls  in  water.  The  aoloble 
ta,  a  while  precipitate,  (C*H'0')Tb*,  aolnble  in  a  larga 
ic  naltS;  a  flrah-colonred  inaotuble  predpitale  ;  with  cuprie 
^j  loluble  precipitate ;  with  mercuTina  nitratd,  a  while 
■  grey  and  rediiaolree ;  with  meixune  chlotide,  no  pre- 
if  n/tw,  ■  white  precipitate,  which  diasolvea  in  a  large 
■olotion  which  aft«r  a  while  depoeita  metallic  ailver.— A 
xide  of  ailTer  in  the  boiling  aqneoai  acid,  yielda,  when 
sosnble  heat^  amall  grejuib'Whit«  oystala  of  the  nonnal 
jnea  also  lanunsa  of  a  buic  solL  (Meyer  and  Zenner.) 
:  Ether,  ia  obtained  by  diirtilling  angolat«  of  aodiiun  with 
ilphoric  acid,  and  2  pta.  of  91  per  cent.  alcohoL  It  ia  a 
nnells  like  boot  applee,  hai  a  iweetiah,  bnmiiiR.  aromatic 

and  headacha  when  inhaled.     (Rei  aich  and  Keeker, 


iicMi>rt4*        tu.uinitc 
pftHpfaoriM.       anbrdrida. 

the  action  jielda,  vheti  tmted  with  carbonate  a!  aodiiun 
ition  which  leavefl  the  anhydride  on  et^xintion.  It  ia  a 
,  heavier  than  water,  and  baring  a  pecnliar  odoor  quite 
:  add.  It  doea  not  ctyatalliBe,  eren  at  the  tempetatore  of 
VlieD  distilled,  it  b^ina  to  boil  at  240°  C,  but  the  boiling- 
id  the  componnd  is  snbsequentl;  decomposed,  yielding  a 
d  a  neutral  oil,  and  leaving  a  carbonaceoos  residue. — The 
ertd  acid  by  the  action  of  water,  but  diaaolTea  readily  in 
[ueooa  ammonia  first  conrerta  it  into  a  butteiy  maos.  and 
■A.  with  aniline,  it  beeomea  strongly  heated,  and  deposits 
■,N.H,(?H',CH'0.(Chioiaa,Aiin.   Ch. Pbya. [3]  xxxii. 


iety  of  ririanile,  found  at  Aiglae,  in  the  department  of  the 

Sulphate  of  Lead. 

I  otganie  baae,  said  by  Bcande  to  exiit  in  Iraa  angnatura 
[ts  eiisteuee  ia  doubtful. 


mdan  Nrgative  Oxidti,  or  Oxiia  of  Acid-ra^cta. — Thew 
nhyarvit*  adtU,  and  are  aometimee  even  oonfbimd(<d  with 
ipoaitioQ,  theyatand  in  the  lame  relation  to  adda  aa  oxide 
1.  KHQ;  OF,  Muenlly,  aa  uhydrona  (aeoondarr)  oxide^ 
a) ;  that  ia.  they  represent  one  or  more  stoma  t&  water, 
as  the  itandanl  of  compariaon  for  all  ozidea),  in  which 
ia  replaced  by  one  or  more  negative  radicles ;  while  the 
ut  one  or  more  atoms  of  water  in  which  the  aame  ladidea 


-  CLCLO,  hypochloroua  add  -  H.CLO, 

-  NO'.KO'.O,        nUrie  „    -  H.KO'.O, 

-  (7HK).C*HS>.0,  leetie  „    -  H.CH'O.O, 
.  CH'O.tTH'O.O,  benaoic  „     -  a.CB'O.Ol 
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A«eti>-lMQioiG  ukhjdiid*  -  C=H*O.CH*0.0, 

Snlphnha  „         -  SO'.O,  nilpharie       wid  -  R'.SO'.O'. 

Socdnu  „         -  CB*Oi.O,  nu:ciDia  „     -  H'.C'H'O'. 

PhtMphorio  „         -  POJO-O",  phoqihoTie        „     -  H"J^>.0'. 

From  thMB  iniUucei  it  is  eridcut  that  thm  art  three  cdaHea  oT  uJijtlridcs.  nat 
(a)  thoM  vhich  dsriTe  from  I  at  water  bj  th«  repUcement  of  H'  t^  3  atoBi  o 
aame  monatomic  acid-ndicle  (hjpochlorou.  acetic,  &c.\  or  bj  2  different  mooat 
ndiclea  (aceto-benioic,  Sea.) ;  ib)  thoea  which  deriTS  from  I  at  water  bj  the  rep 
ment  of  H*  by  I  atom  of  a  diatomic  add-ndicle  (cnlphu^c,  &c);  (c)  Ihoae  i 
derive  from  3  at.  water  bj  the  replacement  of  H*  bj  2  atomi  of  a  triiktiniue  aeid-ra 
(phoaphoiic].    Ajihjdridee  deriving  from  3  at  water  have  not  jet  been  sbm 

All  anhydride!  are  more  or  leM  qni^y  oonTfrted  into  adds  bj  the  aetioa  of  i 
W  of  hjdntea ;  in  the  dr;  atate,  or  when  diaeolved  in  ethar  or  other  liqnidi  vhii 
not  change  them  into  adds,  they  am  withont  action  on  litmna  or  other  Tege 
eoloun. 

Anhydridea  (a]  are  obtained  by  the  action  of  ehloiidra  of  monatomic  acid-radict 
monatomic  acidi  or  aalU : 

»(CLC1)  +  Hg'.Cl'.O*  -  Hg-.a*  +  2(Cl.Cl.O0 

HpodiliirUa  H;rnchli>niui 

CBfO.Ct  +  K.PH'O.O  -    KCl         +     CHH).CrH'0.0. 


They  are  liquid,  or  solid  bodice,  and  thcee  vhidi  eon: 
nioally  rolatile  without  deoompaaition ;  thoee  which  c 
decompowd  by  heat  into  two  anhydridea,  each  containing  one  radicle. 

owo.cnasj.o  +  c•HK),c'H^^,o  -  ph^.chkj.o  +  ch'o.cth'o.o 

Aeno-tentok  AnUhlHnnle  AhUc  ulirdHils.  B«i»(e  uHi.dride. 

•nhjiliUa,  uhjdnda. 

The  anhydride*  of  thit  olaM,  which  comapond  to  organic  adds,  are  inaohible  o* 
•lightly  eolnble  in  water;  they  diudre  in  alcohol, but  ue  gndoally  decompoeed  I 


CrE^.O'HK).0         +         SKH"        -    HK>     +     SIN.CHKJJP) 
B«i»k  anbTdrlil*.  i  u.  buiuatde. 

CHH).(?HK).0         +   aK.C^'H»     -     H'O     +     a(N.C'HK).<?H»3) 
AcMic  uihrdrliU.  .IwSSImI  » «.  plnn^kCTUmM.. 

'Wth  perohloride  of  phoaphonu  they  BTe  ahloridea  of  nKHiatomie  aeid-rsdidM :  ' 
■nlphide  of  pluwphorua,  nilphanhydridea  (seoondaij  ne^tiTe  enlphidea). 

The  anhyoridea  (t)  correapoud  to  dibaaic  or  diatomic  acidiL    They  are  IbniMi 
tlie  deeompoaiUon  of  these  acida,  or  their  aalla,  by  heat 

H'.CH'O'.O'     -      HK)     +     C'H'O'.O 


anh^rid,. 

Fe-.(80')'.0' 

of  Hon. 

-  F.'O'  +  ^so'.o) 

S»i|ul-              (at.  ml. 

they  give  ammoi 

CHWO   t- 

iSW  -  N.C^'O'.HWH'.O 

Hd,  to  aome  extent,  also  secondary  amidea  (imidee) : 

PHW-O  +  NH"   -  HK)  +  N.CH'C.H 

■aeehle  abj-  Bucdaliiilili. 

They  react  In  a  nmilar  way  with  phenr'*''"''*  (aoiliBo)  ud  sonu  other  priman  t 

Tstirea  of  ammonia. 
Perchloride  of  phospbonu  converts  them  into  chloride*  of  diatomic  Bcid-ndietes 
In  the  esse  of  solphnric  anhydride,  SO*,  or  SO'.O,  which  has  bc-n  mud  t 

■initt«1j  atndied  than  any  other  anhydride  of  lliis  das^  certain  additional  reset 


NH1DBITE--ANIM&  29S 

utane^  it  hu  been  fyaaA  to  conlttM  witk  hjilradiMe 
80*  +  HCl  -  HS(«a 


>ridaB,  inorguiie  uid  orgasie  (ehloridca  of  HmmDoiuni, 
to  fans  eompoundi  which  nprtatat  the  metallic  ulta  and 
ooabiiiea  with  bTdroearboMt,  [mdaeuig  Mntaaleompnnda 


ICH"     -     H^  A 


:«Betioii«  with  theae  [oodnevd  br  aeiila  in  aimilar  ciietun- 
kea  it  cleaHy  CTident  that  aahydiidea  and  adds  are  eMcn- 
lieal  eharactera. 

ridn  («)  ate  yet  known.  Phoapboric  anhTdrids,  Ft)*,  or 
[□own  member  of  thii  Hnm  It  ia  obtaiti«d  hj  the  direct 
uid  oxjgen.  AmmoDia  waTorta  it  into  phoaphamic  add : 
y  +  2NII'  -  H^  +  2(MH.P0.H0) 


drooa  anlphala  of  ■—J"""     Then  an  aix  Tarietiea  of  it : 

liadn  of  white,  bloe,  and  red ;  mawiye  and  kidnej-eh^ied ; 
ichoidaJ  fracture ;  traiulnceDt  on  the  edges ;  ii  acrmtchMl 
par;  aomewhat  tongh:  apedfle  c(nTit;2'S(0.  It  contain* 
lond  in  the  aalt  minea  of  Auibia  and  Sslcbnrg,  and  at  tba 
;  also  in  the  ^Tpinm  pits  at  Aihton-on-Trent,  near  Dertnr 
of  Jameaon,  ib  found  in  maauTe  coocretioni.  of  which  <£• 


Fibrout,  MaeaiTS;  ^mmering,  pearl?  Itutre  ;  Eractorein 
■celj  [lanslnceDt ;  eaailj  broken.  Foond  at  Halle.  Isrhel, 
idiattd.  Blue,  Bometimee  spotted  with  red :  ndiated,  ■plm- 
7;  translucent;  not  haid;  specific  grivit;2'940. — 6.  Sparry 
ookiur,  passing  eometimes  intu  areyiah  and  roddiah-white ; 
oHging  I0  the  trimetric  syateni,  luTing  two  of  the  opposite 
e  other  twn ;  occuionallf  the  lateral  edgea  an  tmncntcd, 
•A  prism  belonging  to  the  tnmetric  ajatem  ;  luatre  splendent, 
hrecfold  rectanguhir  dearage :  cnbioal  fragments ;  traniin- 
irittle ;  specific  srBvit;  2'S.  This  ia  the  raitriaalt!  of  aome 
gfiag.  It  is  EBid  to  mntain  1  per  cent,  of  aea-aalt.  It  ia 
ad,  and  Hallo  in  the  Tjrol.— B.  SWo/mtw,  or  Vulpinilf. 
aminated  etnctore ;  tisnalncent  on  the  edges ;  splendent 
Teioed  with  bluish-greT;  apeciflc  gnritf  2-88.  It  con- 
)  fMt  ia  sulphate  of  caSdom.  It  la  called  bj  il 
no,  and  takea  a  fine  polish.     It  deriTca  i' 

lete  ajnonjme  of  indigo.    The  aame  term  : 
■  (j.  tr.) 
Sjn.  of  Fhikti^jiui  Acid. 


The  proeeas  or  seriea  of  proceases  by  which  food  ia  eon- 
I  of  the  animal  body  (see  DionnoK  and  NimuTrow).  TIm 
rta  to  denote  the  operation  by  which  vegetable  flbrea,  nidi 
e  to  unite  with  albnminooa  lubataucea. 
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bruwn  Ameriean.    Wttt  Tadiim  uiimj,  iometimM  esUed  couriaril  rttiH,  ia  tbc 


"nie  West  Indian  mm  fonns  yellawish-vhiU  tranapareat,  KimewliAt  tuictnoiu  t 
or MnneUmes luger  manea;  it  is  brittle;  of  s  light  pleuuat  tute.  imd  Terf  agrt* 
odour;  hence  it«  nar  in  fumigation  and  in  perfumery.  ]t  Boftene  in  the  montiu  ( 
■aiily  in  tha  fire,  and  bnrni  wit^  a  bright  flame.  Specific  gravity  1-038  (Brea* 
1-032  (Paoli).  Inutluble  in  water,  perfectly  aolnble  in  hot  alcohol  Cold  *1( 
diaiolrea  abont  £4  per  cent  of  it.  Thn  salable  portioD  ii.  according  to  LdD 
identie*!  with  the  min  of  turpentine.  The  insoluble  portion  crjatalliiiea 
boiling  Blcohol  in  slender  coloorleai  needles,  coaeiating,  aceording  to  Lantm 
83-S  per  cent.  C,  11-5  H,  and  49  0,  agreeing  irith  the  formola  C^H''0.  Accot 
to  Fithol,  the  resin  of  HyTnetiaa  Courlmril  is  nearly  insolnble  in  cold  abaolDt«  ale< 
nelta  at  100°  C,  and  coDtains  8S*3  per  cent  carbon,  ll'A  hydrogen,  and  3-2  ox^g 

Brown  American  anlmi  softens  in  the  moath,  and  disaolvea  oompletely  in 
alcohol;  spedflc  gravity  10781  (Paoli).  Oriental  aoim^.  which,  according  to 
bonat,  is  no  longer  met  with  in  commerce,  ia  likewise  perfectly  solable  in  cold  alo 
haa  a  denai^  of  1-027.  and  appeals  to  consist  of  two  resins,  differing  in  mri 
point  (Faoli,  Tcommadorff's  Joam.  Bd.  ii.  St.  1;  a.  40,  fll ;  aaibonat,  Rer.  Sr 
iTi.  177;  Laurent,  Ann,  Cb.  Pbjs.  [2]  btri.  316;  Oerhardt,  Traili,  iii.  i 
Filhol,  J.  Pharm.  [3]  i.  301,  £07.) 

There  is  some  coniOsion  respecting  the  use  of  the  word  aninti,  the  French  designi 
oopal  as  ritiiu  muW ;  and  denoting  the  Weit  Indian  animi  or  eonrbaril  reoiu,  b] 
term  Copai  or  animi  taidrt, 

AMIMIW.  An  organic  base  obtained,  together  with  three  others,  odo 
ammoline,  and  oianint.  bom  bone-oil  ( Oleum  animiA  PippeOi),  hj  UuTSnlorbe 
1S26  (Pogg.  Ann.  iL  GO  and  67).  None  <^  these  bases  were  prepared  by  UnTprda 
in  a  state  of  pnri^.  Odorine  wu  aAenrorda  obtained  pure,  and  more  exactly  ii 
tigated  nnder  the  name  of  pkvlint,  by  Anderson,  who  ahowed  that  it  ia  isomeric 
aniline,  C*H*N.  The  other  three  bases,  whicfa  were  less  volatile  than  odorine. 
probably  miitnres  of  the  homologous  bases  littidint,  C'H'M,  and  eaJJubiu,  (?E 
together  with  other  anhelancea.    (See  Om.  xL  273.) 

AXIOM  (from  Xritr,  that  which  goes  up).— A  term  nsed  by  Faraday  to  denott 
element  of  an  electrolyte,  which  is  eliminated  at  the  positive  pole  or  anodt :  the  n 
elemeat,  which  ia  eliminatad  at  the  negative  pole  or  kathodt,  being  called  a  lU 
(irfTiw,  that  which  goes  down).  To  nnderstand  these  terms,  we  most  sni^xiae 
decomposing  body  to  be  so  placed  tiiat  the  cnrreot  (of  positive  elec^ritf)  pu 
througii  it,  ehall  be  parnDel  to,  and  in  the  same  direction  with,  that  which  is  aopp 
to  eziat  in  the  earth,  viz.  from  east  \o  veat,  or  in  the  direction  of  the  son's  diu 
motion.  The  positive  pole  or  electrode  will  then  be  towards  the  east.  (Faiad 
Experimental  Reaearchee  ia  Electricity,  vol  L  p.  198.) 

AVXBAKIO  Acn>.  CH-NO'.  (Zinin.  Ann.  Ch.  Pharm.  xcii.  337.)  — 
lained  by  passing  hydroeulphuric  acid  into  a  mixture  of  nitraniaic  acid  with  B 
of  alcoholic  anunania.  Ailer  twelve  hours,  when  the  acid  is  dissolved,  ths  who 
boiled,  with  occaaiDnBl  addition  of  water,  till  all  the  alcohol  is  driven  off;  it  is  I 
filtered  from  the  aeparslcd  sulphur,  and  mixed  with  acetic  acid,  which  precipit 
Mlisamic  acid  in  long  brown  neuiles ;  they  are  obtained  colourleas  by  solution  in  w 
and  treatment  with  animal  charcoal.  It  forms  thin,  brilliant,  fonr4ided  priaEns,  v^ 
disaolve  but  sUghUy  even  in  boiling  water,  or  in  ether,  but  are  readily  solable  in  alec 
Hydrocliloric  and  bailing  nciticncid  dissolve  it  unchanged;  its  aolntion  in  dilnt«n 
acid  reddens  on  long  boiling,  and  by  cooling  depoails  brown  flukes  and  awhite  ndv 
lent  substance.  It  melts  at  18U°C.,  and  is  decomposed  at  a  higher lemperatnra. — The  ■ 
anisamate  that  has  beer  analysed  is  the  »i7wr-ia/(.  C^H'AgSO";  it  ia  a  curdy  predpil 
insoluble  in  water,  readily  solable  in  ammonia  and  acids  ;  in  the  dij  state,  it  ma; 
heated  to  120°  C.  without  decomposition,  but  turns  brown  when  boiled  with  wi 
veiy   soluble,  and  cryetollises  wiUi  difficulty  in    foni-« 


preapiti 
barrta-i 


._.   ._  ^  iling.     The  lead  and  cadtidum'talU  are  w 

ipitates.     An  aqneous  solution  of  anisamic  acid   does  not  preciplUte  lime 


oold,  a  light  blue  flocoulent  precipitate,  which,  o: 
a  einnamon  colour. 

The  mode  of  formation  of  ai  „  . 

benismic  acid  from  benioic  add,  it  should  perhaps  be  rqtuded  a 
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iable,  MpecuUjr  ■!  0°  C. ;  melti  &t  IS"  C,  uid  at  312°  boili  and  voUtUlKS 
letel;,  bat  not  witLont  alight  eobntioD.  Its  fbrmola  ia  CH^.  Ita  TmpcKa-iB 
iken  It  SSS^C,!!  fi'lB;  at  lowec  tcmpentnrei,  itji  densit;  ii  higher.  ItianotaS 
J  ezpomre  to  th«  ur  in  ihe  aolid  state  ;  but.  if  kept  in  a  state  of  fiiaioD,  it  gnd 
usea  to  RoUdiij  on  cooling,  and  flnallj  raainifie*  completelf.  i/iirie  add  cor 
;  into  hjdiide  of  aiuayl,  aniaie  or  nitruiiaic  add,  and  oxalis  add ;  the  pmdnetj 
rith  the  conccntratioD  of  Iha  acid.  Qcnnal^  a  jellow  nainona  aabatanop  i*  abn  foi 
D  which  Cahcoia  oiTea  the  name  nitraniiidt,  and  the  formnla  CVyVCFy' 
Ikia  ia  aTny  iiiaarDbleaab«tanc«,«hiclim«lt4At«bontl(IO°C.,u>diaaompl0td 
Diopoaed  b7  distUlation;  irheo  treated  with  a  abong  aotatwa  of  potoah,  it  pr 
nunonia  abnndanUy,  and  ia  converted  into  a  black  aabataoee,  wbicb  CUionn 
itlaKttic  acid.  Under  certain  drcnnuitancea,  the  action  of  dilute  nitric  acid  pro 
n  add  containing  10  atoma  carbon  (aeeAHUoicAcm).  Whra  diitilled  with  lulp 
^  and  iicAronu(<  o/'pDduniHn,  oil  of  aniaejielila  anisic  and  acetic  adda.  (Hen 
Lna.  Ch.  Fhann.  lis.  101.) 

Strong  boiling  lolutiona  ot  eatutic  iJiaiU  do  not  attack  oil  of  aniae;  but  wlm 
leated  with  potash-lime  in  a  sealed  tube  to  the  boiling  point  of  the  oil,  a  pei 
dd  is  fanned,  which  appean  to  be  isomeric  with  conunic  acid.    (Oerbardt) 

Anise-camphor  treated  with  add  mlpiile  of  lodium,  ia  reoolTed  into  metii;] 
ijdride  of  aniajl,  CH-K)  +  HK)  -  20^  +  CH^.  (StideUr  and  W*c 
tun.  Ch.  Pharm.  etn.  172.) 

■  »w 

apidly,  with  evolution  of  heat  and  vapours  <»  hydrochloric  add,  fbrmiag  aalatitc 
irodncts,  ia  which  the  Bomber  of  atoms  of  hydrogen  replaoed  bj  chlorine  varies 
he  dnratiOD  of  the  action  of  the  fu.  The  bichlorioated  compoond  ^cAloran 
!^"U'C1'0,  ia  a  ^rnpy  liqnid.  which  is  completely  decomposed  by  distiUation. 
rom  which,  by  the  fluther  action  of  chlorine,  aided  bv  beat,  a  still  higher  ebl 
omponad  may  be  obtained.  Oil  of  anise  treated  with  prntacUondt  of  piofpi 
'ielda  a  liquid  bailing  at  a  bigh  tempentore,  pnbabl;  C>*E"C1'.  (Aalamani 
fraal,  J.  pr.  Chcm.  bdviL  480.) 
When  anhydrons  btomint  is  gradaallv  added  to  anite-campliat,  heat  and  h; 


volved,  and  the  whole  becomes  liqnid,  and  finally,  when  the  bn 
■  in  excess,  solidifies  after  a  time ;  it  ia  then  washed  with  cold  ether,  and  n 
aUised  from  boiling  ether.  The  brontaniial,  CHTBiK),  thus  obtaioed  forms 
uatious  crystals,  insoluble  in  water,  very  slightly  solable  in  alcohol ;  it  is  decompu* 
leat,  decompoeitioD  commeDcingat  about  100°  C. :  it  is  not  further  acted  on  by  bra 

When  oil  of  anise  is  treated  witb  ptrcUoridt  of  Hh  ot  tHchloridt  of  ontn 
t  tbickeos  into  a  red  pitchy  mssa,  which,  when  boiled  with  water,  deponta  a  ' 
lahstanre,  afinrently  isomeric  with  anise-camphor.  Cabann  calls  it  anitoin 
s  also  formed  when  oil  of  anise  is  gradually  mixed  with  IJ  pts.  strong  so^ 
idd,  and  the  lesnlting  reainons  mass  treated  with  water.  It  is  purified  by  sohiti 
ither,  and  repredpitBtian  by  dilnte  alcohoL  Thus  obtained,  it  is  a  white,  inod 
lolid  which  ftjses.a  little  above  100°C.,  and,  when  flirther  heated,  burns  with  a  bn 
Ume  and  an  aromatic  smell :  it  ia  heavier  than  water ;  insolnble  in  water,  a! 
nsolnble  in  alcohol,  even  on  heating ;  more  soluble  in  ether  and  volatile  oils. 
olabls  in  strong  snlphnric  add,  tbmung  s  red  aolntian,  whence  it  ia  reriredpitat< 
rata.  It  is  not  attacked  by  a  boiling  solntion  of  caostic  potash.  Wlien  distiU 
wrtly  voUtilisee  onchanged  and  partly  passes  over  as  an  isomeric  oiL  Wbrsc 
itallued  from  its  ethereal  eolation,  it  fisms  very  small  white  needles:  The  SBbe 
ibtained  by  Will  (Ann,  Ch.  Pbarm.  Iz*.  230),  by  dropping  oil  of  anise  into  a  a 
lolation  o(  iodide  o/potattivm  tataralfd  wiik  iodint,  and  treating  the  resnlting  m 
vith  0  or  8  times  its  volume  of  aliwhol,  is,  according  to  Oerbaidt.  whose  fMt 
s  confirmed  by  the  recent  experiments  (VfAelsmann  and  Eraat  (fue.  n't.),  ide: 
vith  anisoio.  This  sabetance,  when  treated  with  chlorine,  yields  a  chlorme  si 
rutioii  compound. — Anisoin  is  also  produced  by  treating  oil  of  anise  wilii  ehlori 
jCDEoyL     (Aelsmann  and  Kraut.) 

When  anise-camphor  is  distilled  with  ddoridt  ef  tine,  a  volatiJe  oil  pasiM 
rhich  after  a  time  genersJIy  deposita  crystals,  volatile  without  decompooitioi 
Mt  DMlting  at  100"  C.  Both  oU  and  oyatals  have  the  same  eompoaitioii  a 
iriginal  camphor ;  and  the  vapooiHiensi^  of  the  oil  is  ths  same  as  that  o 
smphor.  The  oil  is  readily  soluble  in  strong  salphuric  add,  forming  a  fine  cri 
nhnion ;  ths  addition  of  water  destroys  ths  colour,  bat  does  not  predpitale  anyl 
Sy  latoniting  the  aqneoos  solution  with  carbonate  of  banom,  a  gummy  salt  i 
«iHed,  wboee  solution  gives  ■  dark  violet  colonr  with  ferric  salts ;  both  adds 
ilkalis  destroy  the  colonr  (Oerhardt).  The  same  product  is  obtained  when  < 
._; ;..  -^5,pi,(,j  jj  treated  with  3 — 4  pts.  eoorentrated  sulpboiic  add,  i 
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,._._  _,  «H»N' 

o  the  hydrorhlonU,  fo 


(Cibouri,  Atm.  Cb.  Phji.  [3]  ii.  287  ;  xiv.  483  ;  Trriii  391 ;  zxT.  21 ;  xxrii. 
Laurent,  Berue  Scient,  i.  B,  362;  Oerhftidt,  Ana.  Ch.  Phja.  [3]  rii.  292.)- 
aad,  diseoTered  bj  Cfthonn  in  1S41,  ii  »  pradoct  of  tli«  aiid^tirm  rf  rniiiM 
phor  and  of  the  crude  0U3  ot  anise,  fennet  and  tamsori.  The  addi  obi 
from  these  leTcral  oili  vera  at  fint  distingniahed  bj  dillerent  namea :  bat 
identit;  ii  now  dearly  eatabtiahed.  The  flmt  pmlaet  of  tbe  oxidation  of  tliea 
aUncea  ia  bjdride  of  aniiyl,  which,  bj  Auther  oxidation,  ia  conrarted  into  aniait 
(Sea  AxoTL,  BiDomi  of.) 

Cahonra  preparea  anisic  arid  by  boiling  oil  of  anin  with  nitric  aeid  of  s] 
graritf  1'2  (23°  Baumj),  when  a  yellow  rcainona  aabatance  (twfrairfuVr)  is  fb 
'together  wiui  aniiic  acid,  which  oyatalliaea  from  the  acid  l^nid  on  cooling. 
crystala  are  washed  witb  cdd  water,  and  dissolved  in  BBUDOni*;  tbe  asunoniiu 
is  repeatedly  crystallised  till  it  is  coborlcal,  and  thco  dMOmpoeed  by  aoetats  of 
the  difficultly  Bolnble  lead-salt  is  washed,  and  daoomposed  by  nil[linrett«d  hydr 
and  the  anisic  acid  is  dissolved  from  the  sulphide  of  lead  by  bailing  wabr,  ciy>t«l 
and  pnrifled  (if  Deceesaiy)  by  enblimatioa. 

Laurent's  method  of  pce[«ring  it  &om  oil  of  tampon  is  as  foUowl :  —  1  j 
together  with  a  little  water,  is  heated  in  a  large  retort,  and  3  pta.  common  nitn 
•n  added  gradually.  The  mixture  thi"fc«n«  t>r  degreea,  and  ia  finally  conrertad 
K  brown,  leainooa,  alishtlr  crystalline  maaa.  This  is  washed,  and  extracted  wit 
dilate  ammonis,  whii^  diasolios  all  but  a  amall  quantitj  of  a  brown  subataoea. 
anunoniacal  solution  ia  sTsporsted  to  a  lyrup,  when  it  deposits  a  further  porti 
the  brown  substance,  which  was  held  in  solution  by  the  tree  ammonia :  if  the  em 
tioa  be  carried  too  &r.  the  anisate  and  niCraniaate  of  ammonium  coDtainsd  i 
tolutioa  may  be  partially  decomposed.  The  syrup  ia  mixsd  with  wster,  boOM 
filtered  through  animal  charcoal;  and  th»  flltnte  (nentnliMd,  if  add,  Taj  Una 
ia  CTaporated,  when  anisate  of  ammonium  eryitallisea  in  rhomboidal  tablo^  wh£ 
nitraniaate  remains  in  the  mother-lionor.  The  anisate  ii  r«ciyitalliaed  two  or 
times  ^m  alcohol,  dissolved  in  a  boiling  mixtun  of  alwhiu  and  water,  Mid 
acid  added  to  the  hot  solntion,  which,  on  cooling,  depodta  dyitals  of  aniaic 
These  are  fdrtho'  purified  by  reCTyatalliiation  ftom  boiHng  alcohol,  and,  if  neoei 
by  sublimation. 

Aniaic  acid  ma; 

potash.    A  soft  n  .  ,        ._ 

saturated  with  hydrochloric  acid,  deposits  crystals  of  anisic  acid,  which  an  pa 
as  above.  If  hydride  of  snisyl  be  procurable,  this  is  the  most  advaQtageona  mi 
■ince  the  formation  of  nitranisic  acid  ia  entirely  avoided.    (Haodwb.) 

Anisic  add  cryataHisea  in  brilliant  colourless  prisma,  belonging  to  the  moira 
ayatem,  often  of  considerable  size,  with  angles  of  1 14°  and  B8°.  The  aeote  edgi 
mostly  tnmcated ;  the  base  is  rcphiced  by  two  principal  and  three  smaller  bCM 
haa  no  taste  or  amell ;  is  tolerably  soluble  in  hot,  but  scarcely  in  cold,  water ;  it 
soluble  in  alcohol  or  ether.  en>eaally  on  boiling ;  its  solution  reddens  liliniia  fc 
It  ftuea  at  17S°  C,  and  sohdiSes  oujcooling  to  a  crystsUine  mass;  at  a  highm 
perature  it  sablimes  without  decomposition  into  snow-white  needlea. 

It  is  isomeric  with  salicyUta  of  mothvL 

It  is  violently  attacked  by  chlorine  and  bromine  (see  below,  Srss  1 1 1  u  itox-PMiDt 
Hot  concentrated  nitric  acid  oonverti  it  into  utraniaie  acid.  Fuming  nitiic 
coDverta  it  into  dinitranisol  or  trinitranisol  (see  Anuol),  the  product  varying 
the  duration  of  the  reaction  and  the  proportion  of  the  mganta.     If  heat  M  ap] 


Ferchloride  of  phosphorua  attacks  it  violently,  forming  chloride  of  aninl,  ehl 
phoephoryl,  and  hydrochloric  add.  When  diidlled  over  caustio  baryta,  it  is  dt 
posed  int«  carbonic  anhydride  and  phenate  of  methyl  (anisol). 

CHS)"  -  CO*  *  cra^cH^, 

ABlastaa.  Auidc  add  is  nsually  (onaidetwl  aa  monobasie ;  but  it  ia  prol 
diatomic,  like  glyeollic  and  lactic  adds.  The  general  fbnnnla  of  the  aniaatea  ia  O^ 
(see  Ahutl).  Tbey  are  mostlir  ccyRatliaable :  ^e  alkaline  and  eulJiy  adtl 
soluble,  and  the  addition  of  a  minenJ  acid  separatee  anisic  add  fiom  their  solstif 

The  «laninium~t/ill  crystallises  slowly  in  fine  needles,  when  a  dilnle  Hhiti 
alum  ia  added  to  anisate  at  ammonium. 

n-uUt,  C*H\NH<)0',  is  veiy  solabl^  and  ciystallisea  in  Urge  rho 
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in  the  same  nuoDer  ■•  the  snuate,  twomaniiie  b«dng  sabititnUd  tar  anaie  aai.  ^M 
mixture  ii  bailed  ia  ■  mter-l3«tli  for  a  qnarter  of  an  hour,  and  water  added,  wtam  tb* 
brnmaniiate  aepaiatM  in  flakes,  which  are  wielied  with  dilute  ammooia  and  07*- 
taUiaed  from  hot  aleohoL  It  fbrmi  colourlna  ti'iuspanat  priama,  which  melt  at  a 
genUe  heat :  it  ia  inaolnble  in  watsr ;  lolnble,  eapsciallr  on  heating,  in  aLxAol  aad 
wood-ipirit ;   leas  aolnble  in  ether.    Bj  boiling  potash  it  ia  decomposed  liks  the 

BromanuaU  of  Ethyl,  (7E*(C7H*)BrO',  ia  obtained  b;  the  aame  ^process  am  aniaitr 
of  ethjl,  Sniaic  being  replaced  bj  bromaniaic  add ;  or  br  treating  amaatd  of  etliTl  with 
Inomiite.  It  is  pnrifled  in  the  aame  whj  as  the  met^jl-aalt.  It  fomu  lon^  wttit^ 
■hining  needles,  insoluble  io  water,  aolnble  in  alcohol  or  ether :  it  fuses  at  a  ^aai» 
heat,  umI  mbliniM  nndecomposed.  It  ia  decomposed  by  btnling  potash,  and  is  nut 
attacked  b;  excess  of  bromine. 

C&LOBANisio  Acid.  <7H'C10',  is  oblBined  hj  passing  chlorine  orer  anisic  add 
in  fiuian;  the  prodnct  ia  washed  with  water,  and  dTi^llised  &om  alcohol  of  9C 
p«r  cent  It  forms  fine  ihiniiig  needles,  scarcel;  soluble  in  water,  readily  in  alcoliet 
or  ether.    It  melts  at  abont  176°  C,  and  mity  be  sublimed  wilhont  decoropoeition.    It 

npoD  by  ehlorina,  even  in  snnel '  ""  

it  by  aid  of 

mcipitated 

The  metallic 

general  properties.    The  cUoranuatft  of  tutiiyl  and  ttigt  are  obtained  by  submitttng 

theoc  "  ■ ......•-  --^-  ....    ■        ..     ....  -.-.t 1 

water,  soluble  in  alcohol  or  ether,  and  decomposed  by  boiling  potash. 

NiTKiHiBio  Acid,  C'H'(N0')0',  is  fbnned  by  the  action  of  strong  warm  nitrie 
acid  on  anisic  add.  It  is  nsnally  prepared  W  bcnliog  oil  of  anise  with  mtrie  acid  cl 
speciflo  gravity  ]'33  (36°  Bamni),  until  the  oiij  subet^ce  which  flist  fomis  has  com- 
pletely diBappeaied.  Theaddition  of  water  then  precipitatw^yellowiah  flskea  of  impw* 
nitnsisie  acid.  This  is  purified  by  washing  with  water,  dissolving  in  ammonia,  re- 
aiTatalliiiQg  the  ammonium-salt  till  it  is  colourless,  dissolving  it  in  water,  precipitating 
the  acid  by  nitric  or  hydrochloric  acid,  and  washing  it  repeatedly  with  water.  It  is 
also  formed  in  Laurent^  proeeaa  for  preparing  anisic  acid  from  oil  of  tantgon,  mnaiii- 
ing  in  the  Bnunoniacal  mothei^liquor  whence  anisate  of  ammonium  has  rrjirtsHirml 
out  It  ia  obtained  thence  by  adding  nitiie  acid,  washing  the  pi«dpitxte.  and  boiling 
it  for  half  an  hour  with  nitric  acid ;  the  add  solnLion  depoeits  on  cooling  ahoit  prisms 
of  nitraniaic  acid,  wbich  are  washed  with  water,  and  ayRtaUiaed  from  hot  alcnbol. 
Nitnnisic  add  rryatallises  in  small  shining  needles,  of  a  elight  yellow  tinn,  witbout 
taste  orsmelL  It  is  scaieelj  soluble  even  in  hot  water;  readily  in  alcohol  or  ether. 
it  melts  between  17fi°  and  180°.  When  careMly  heat«d  further,  it  partlj  aDblimc^ 
parti;  blackens,  and  is  decomposed  ;  if  heated  soddenlj,  it  decomposes  at  onoe.  witll 
evolution  of  light.  It  is  not  attacked  by  chlorine,  bromine,  or  strOTS  nitric  acid ;  by 
filming  nitnc  add,  it  is  acted  on  in  the  same  way  as  anisic  acid.  When  heated  with 
perchloride  of  phosphorus,  it  yields  a  dark  yellow  oil.  with  a  very  high  boiling  point, 
which  is  probably  chloride  of  nitranisyl,  OH'(NO>)0',C1  (Cahonra).  An  aIeoh<Ji« 
solution  c^  sulphide  of  ammonium  converta  it  into  snisamic  add  (p.  SSI).  Aeoonling 
to  Laurent  {lot:,  cit.)  nitranisic  acid  combines,  elom  for  atom,  wiUi  anisic,  chleranisitv 
and  bromaiUHie  adds,  forming  peculiar  dibasic  adds. 

The  alkaline  nitranitalci  are  soluble  and  ctyatallisable :  die  aaunoninm-Balt  nys- 
tallises  in  fine  needles,  grouped  in  spheres ;  it  is  soluble  in  aJcohoL  The  sOuIine- 
esithy  nilzanisates  are  difficultly  soluble;  those  of  the  heavy  metals  gsncsally 
inaoltibte. 

Nilranitalt  0/  nuiltyt  In  prepared  by  a  process  analogous  to  that  described  in  the 
case  of  anisate  of  methyl ;  Or  by  diasolving  anisale  of  methyl  in  faming  nitric  add, 
adding  water,  and  crystallising  the  precipitate  trom  alcohoL  It  forms  beaatifol 
large  shining  tables  of  a  yellowish  hue.  It  is  insoluble  in  water ;  readily  siduUe  ia 
hot  alcohol  or  wood-spirit,  whence  it  separates  almost  completely  on  eooling.  It  melts 
at  abont  100°  C,  and  Buhlimea  nndecomposed. 

NUranitaie  of  ttkyl  is  prepared  either  by  dissolving  anisate  of  ethyl  ia  aa  Ojnal 
volume  of  faming  mtric  add,  or  by  a  process  analogons  to  that  described  in  the  case 
of  anisate  of  methyl.  In  the  latter  case,  the  mixture  must  be  kept  at  a  temperature  of 
60° — 70°  C.,  while  it  is  saturated  with  hydrochloric  add.  The  compoond  is  pred^Htated 
\s3  water,  washed  with  dilute  ammonia,  and  crystallised  from  alcohoL  It  exactly 
resembles  the  methyl-salt  In  appearance,  and  solnbility  in  water  and  alcohol,  and 
melts  between  08°  and  1 00°  C.  Strong  sulpharic  add  diasolTes  it  in  the  cold,  mors 
readily  on  heating ;  it  partly  redystallisea  as  the  solntion  cool^  and  is  completely 
{iredpitated  by  water.    Bromine  exerts  no  action  upon  'A. 


AVISXBZVB  (Mrtiylphenidim,  QarlL)  CH^O  ^  N.CH'O.K'.  (Cfthosr*. 
Ann.  Cb.  Fhj*.  [3]  ixrii.  113.) — The  action  of  (nlphide  of  umaoiiiani  on  tha  nitro- 
derirattTe  of  anisol  giviii  liu  to  the  fbrniatioQ  of  pecolur  oiguiic  biKB.  A:'*'' 
obtained  b;  diMolTing  nitnuiiw)!  in  an  alcoholic  wlntiDn  of  lulphide  of  ai 
erapontin^  at  a  gentle  heat  to  a  qaar(«r  of  ita  Tolume,  adding  a  aliebt  ezcoa  « 
hjdrochlonc  add  to  the  brown  reridne,  separating  the  nilphnr  1^  addibon  of  waUi. 
and  filtering.  The  jelloT-brawn  filtrate  depoaita  on  evipontioa,  needles  of  hydro- 
ehlomte  of  aniaidine,  which  see  dried  vith  filter  papar  and  dlatilled  vilh  «  itroii^ 
BOlntian  of  potash,  when  aniaidine  pusea  over  with  the  aqveoua  Taponr  in  the  fonn  oT 
mo  oil,  whicit  solidi&ea  on  cooliiig. 

Thepropenieeof  ftnUidinebat  are  imperfectly  known.  It  combinea  with  aeida,  fbrm- 
ing  uJta.  The  hydrochloTait  fonns  fine  coloorlesi  necdtea,  aolubU  in  water  and  alcohd 
T^ea  a  hot  concentrated  aolntion  of  thii  salt  ii  mixed  with  a  amcentnitfld  aolntion  of 
dichloride  ofplatinam,  the  cjUiTDpJaMnati  aenntefl  on  cooling  in  jdlow  Qeedle*.  Ti>t 
mtrate,  nlphatt,  and  oxalatt  are  crjgtaltiasble. 

The  prodnctfl  of  the  action  of  sulphide  of  ammoninm  on  the  higher  nitro-deiiiatiTai 
of  aniaoi  may  be  rfgaided  aa  nitro-deriTatiTei  of  aniaidine,  though  it  ia  not  kucrwn 
whether  thej  can  be  formed  bj  the  action  of  nitne  acid  on  aniaidine. 

Niim*iiisiDiMB  (af«%ini(™p*CTw«B*,  Gerh.)  CWS^  -  CHVNO^O.— 
Prepaiedliy  sprocesaaimilac  to  that  described  for  anisidine,  dinitranisol  beingmbstitated 
for  nitraniaoL  The  filtrate  ia  mixed  with  """'""'»,  and  the  precipitate  thna  formed 
is  washed  with  water,  and  cryatBllised  &om  boiling  alcohol.  Nitismaidine  fonos  long 
gamel-red,  shining  needles,  which  are  insoluble  in  Cold,  Bolnbte  in  boiling,  -wttrr; 
soluble  in  boiling  alcohol,  whraice  it  separatee  almost  entirely  on  cooling ;  also  ia 
ether,  especially  S  heated.  It  melts  at  a  gentle  heat,  and  on  coolins  fbrmj  a  radiated 
moss ;  when  heated  grodasUy  to  a  higher  temperature,  tt  giTes  off  yellow  fttmes,  whidi 
condense  into  yellow  needles.  Bromine  attsckii  it  violendy,  fbrming  •  raition*  tasa, 
which  haanoidkalinepropertieB.  Faming  nitric  acid  decompoaes  it  nolen^,  yitHings 
Tiseons  mBH,  inaolnble  in  acids.  The  chloride*  of  beniovt,  cinnamyl,  comyl,  and  anisil 
Httaclc  it  when  ^ntly  heatrd,  fomting  hydrochloric  acid,  and  eomponnds  analogDOi  la 
benzamide,  which  are  described  by  Cahonra  under  the  names  of  bmiopitrajutiii. 
C"H"N'0'  -  N.CH*O.CH^NO')0.a,  cinnitraniiidt,  C"H"NK)*,  ta  Thew  bodies 
are  obtaiaed  pure  by  mccessively  washing  the  prodacts  of  these  reactions  with  waler. 
hydrochloric  add,  and  dilate  potash,  and  dystallising  from  boiling  alcohol ;  thqp  ata 
insoluble  in  water  or  in  cold  alcohol 

NiCraniaidine  dissolves  readily  in  scida,  and  with  many  of  tham  forma  erystallins 
salts.  The  hydToddorait  and  hydTt>bronate,  when  pure,  form  colonrless  needles,  slightly 
soluble  in  cold,  readily  in  boiling,  wh,\m,  Tho  cAloropijitinatt  separates  in  orange- 
brown  needles  from  a  miztitre  of  hot  concentrated  solution  solutions  of  the  hjdio- 
ehlorate  and  dichloride  of  platinum.  The  nUpltate  forms  concentric  groups  of  silkj 
needles,  readily  soluble  in  water,  eapedallj  in  water  containing  aolpharie  add.  The 
nitrate  forma  large  needles,  much  more  soluble  in  hot  than  iji  cold  water. 

Dinitranitidine  [Metiyl-dimlnijihmulim.  Q tzh.)  CPH'HH)*  -  (?H*(NO')^0. 
—Prepared  precisely  like  nitraniiidine,  trinitroniaol  being  snbititnted  for  dioitianisaL 
When  dry,  it  is  an  amorphoua  powder,  of  a  bright  red  or  Tiolet-red  colour,  aeoording  ta 
the  concentration  of  the  solution  &om  which  it  was  predpitated.  It  ie  almost  insolnble 
in  cold  water,  rei;  slightly  in  hot  water,  farming  an  orange  solutiou  :  aliehtly  aolnblt  in 
cold,  modemtel^  in  hot  alcohol,  and  separates  on  coding  in  violet-black  OTStals; 
slightly  soluble  in  hot  ether.  It  melta  at  a  gentle  heat,  and  solidifies  on  cocdinc  into  ■ 
radialed,  violet-black,  crystalline  mass.  It  is  much  less  basic  in  ita  propeitiea  t^sn  the 
foregoing  compound :  it  forms  ciyetallisable  salts  with  hydrochloric,  nitric,  and  snl- 
phurie  adds,  if  the  adds  be  employed  in  excess,  but  these  compounds  are  deoom- 
posed  by  water.     When  healed  witli  fuming  nitric  add,  it  is  viowntly  attacked,  and 

Clda  a  yellowish  brown  resinons  moss,  which  dissolves  in  potash,  forming  on  iiit«nBdj 
wn  aolntion.  F,  T.  C. 

AarxasvX.    See  AKiBHYnRAMiDB. 

AXZSOZC  ACXS.  CHiiQ'.  (Limpiicht  and  Bitter,  Ann.  Cb.  Phonn.  xcriL 
3S4.) — A  prodoctof  the  oxidation  of  oil  of  star-anise  (probably  also  of  oil  of  aniaa,  tar- 
ragon, fenn^i  &c.).  The  oil  is  heated  with  nitric  add,  of  spedflc  gravity  12,  and  tbs 
oily  layer  which  sinks  to  the  bottom  of  ths  miiture  is  agitated  with  a  warm  sohilioB 
of  acid  sulphite  of  sodium,  whence  onisoste  of  sodium  crystallisea  on  cooling.  To  tb* 
purified  ciyslsls,  enough  sulphuric  add  is  added  to  decompose  th«  salt,  the  wholrev^ 


DiittlranUol,  (rH%NOVO,  ia  pmpued  bj  baiHna  «um1  fix  ■  far  wiaStm  with 
txetm  of  ftuning  nibic  uid :  on  Mding  wfttw,  »  J^uW  liquid  is  •^•ntcd,  lAidi 
■oon  KtUdiSe*  into  ■  nllow  moH,  wbich  is  leccjmlliwd  from  boiling  >leabiJ.  It  it 
kUo  obtainol  b^  heatiiig  uiisic  add  to  90° — lOlrC.,  for  aboat  half  an  bonr,  vtUi  tvo 
or  ttin«  timta  iti  weight  of  ftumng  nioic  add :  chryaanisie  aeid  forma  at  the  aame  tine, 
and  ii  remored  bt  dilute  potaah.  Dinitruiiaol  etTStailiMa  in  long  pale  yrilow  needln, 
iniolable  ereu  in  boiling  water,  mlable  in  ilcohol  and  ether.  It  melta  at  abont  86°  C, 
uid  nbliniea  ondecompoeed.  Aqnoov  potuh  doei  not  attack  it,  eren  on  boilini^ 
nnleaa  t^e  aolntion  b«  Terr  itrcmg,  and  eren  then  long  boiling  ia  required :  vfaea 
boiled  witb  alcoholic  potaah,  it  ia  ipeedilj  decomposed,  dinitropbenate  of  potsisaima 
baing  ftinned. 

Trinitraniiel,  CB^O^,  is  formed  when  aniKil,  tidmc.  Or  nitnniaie  arid  is 
heated  with  a  mixture  of  equal  porta  of  atrring  solpbnric  and  ftuning  Ditric  acid- 
Aniiic  acid  ia  generally  employed  far  its  prepiirstion.  The  mixture,  viuch  st  fint  il 
daa  sod  colonrleea,  is  ^ntly  heMed  till  it  begins  to  become  torbid,  carbonic  anhy- 
dride being  copiously  given  oS  The  hent  is  then  Tsmorsd,  when  there  gradaally 
collects  OD  the  soiree  an  oil.  which  solidifies  on  cooling.  A  large  quantity  of  Tat«r 
is  then  sdded,  and  the  solid  prodnct  is  wiihed  with  boiling  wat«r,  asd  cryatalliaed  frm 
a  mixture  of  «qual  parts  of  alcohol  and  ether.  The  reactioa  ia  complete  if  Ifi  p(A 
of  the  mixed  acids  be  employed  for  1  pt  aniaia  acid.  Trinitraniaol  erystsUisea  ia 
yellowish,  very  brilliant  tsbUa,  insoluble  in  water,  soluble  in  hot  alcohol  or  i»  ether. 
It  melts  at  fig'— 60°  C.,  and  if  carefiJly  heated,  snblimea.  Warm  ralphoric  or  nitiie 
ncid  disaoIreB  without  decomposing  it-  Aqueous  ammonia  or  dilate  potash,  doea  not 
attack  it,  STcn  on  boiling  *  but  modpntcly  strong  aqaeous  potash  girea  it  an  intcnss 
brown-red  colour,  and  completely  decomposes  it  on  boiling,  forming  a  slightly  sohible 

'um-salt  of  an  acid,  which  is  isomeric  i ..       .     ^  .  

ieric,  or  trinitrophenic  add,  which  he  di 

"ly  attacked  by  alcoholic  Bulphid* 

I  and  its  oitro-deriTitiTea  beina 

T.  a 


potasnum-salt  of  an  acid,  which  is  isomeric  with,  but,  according  to  Cahoiua,  d 
Bompieric,  or  trinitrophenic  add,  which  he  designates  picrsnisic  add. 

All  Iha  ntln-deriTativea  of  anisol  ore  readily  attacked  by  alcoholic  sulphida  of  am- 
numium,  lulphni  being  wpnnited,  andonisidine  and  its  oitro-deriTitiTea  beiiu  ' ' 

obbuued  by  eitracb'ng  anise-seed,  after  pravic 
hydrochloric  add,  with  aqueous  potash,  and  precipitating  the  alkaline  solntion  by  acetic 
•eid.  F.  T.  C. 

AMnnuo  AOnk    C"H"N0*. — An  add  analogoos  to  hippnrie  sejd,  prodDeed 
ID  the  ailTer-eompoDndof  glycoeoll  (Cfi'A^NO*  ■*■ 
.  AgCl  *  C"H"KC^.    Add^  with  aid  of  heat,  eouTert  it  into  glycnodl 
"1     (Cahonra,  Ann.  Ch,  Pharm.  dU.  90.) 

(TH'O*. — A  hypotheti(sl  radicle,  supposed  to  be  contained  in  anisie 
add,  hydride  of  anisyl,  and  other  anisic  cnmpounds.  It  may  be  refrarded  as  salicri, 
(rHH)*,  in  which  1  at.  hydrogen  is  replaced  by  methyl,  {?H'0'  -  (TH^CHTO" :  ojid. 
in  fkct,  anisic  add  and  aalicylate  of  methyl  are  not  only  isomeric  eompouDda,  but  ara 
WU.4  in  .k.  ..„..  ■...,.™  v„  —jijtic  baryt*.  Anisic  and  ia,  therefon^ 
U,  asPiria'a  recent  reworches  (Ann. 
UtL  ^barm.  icm.  liflli)  tend  to  show,  salicylic  add  be  not  monobasic  but  dibasic  the 

dear  analogy  between  it  and  anisic  ad^  would  probably  lead    t.    . 

that  the  latter  add  is  also  dibsaic;  in  which  rase,  all  anisic  eompoanda  n-_-  .. 
reMded  as  oontaining  a  Atomic  radide,  C?H*0,  rather  than  a  monatomic  radicK 

BmoKiva  o»  Akisti.  (?H^«.Br.  (Cahonrs,  Ann.  Ch.  Phja.  [S]  jdv.  488.) 
— Pleporad  by  drapping  dry  bromine  (exceai  of  which  must  be  arotded),  upon  hydride 
of  snt^l :  heat  is  eroWed,  hydrobromic  ocid  giren  off,  and  the  nuitnre  solidifies.  The 
solid  product  ia  rapidly  washed  wiHi  ether,  prosed  between  flltei-psper,  and  nystallised 
from  ether.  _  It  forms  white,  dlky  crystals,  which  are  Tolatile  without  deeompositioii. 
fiboDg  boiling  potash  gradually  converts  it  into  anisate  and  bromide  of  potassiom. 

Cblobidb  o»  Akisil.  O^O'.CL  (Cahonra,  Ann.  Ch.  Phys.  [3]  sxiu.  561.) 
—When  dry  aniaic  acid  is  treated  in  a  retort  with  pentachloride  of  phosphoros,  a 


TioWt  action  takes  plar^a,  and  a  mixture  of  products  passes  into  the  receiTcr.  Thme 
are  fractionally  distilled,  thatpart  which  boils  between  2£0°  and  270°  C.  beinn  collected 
apait,  washed  with  a  lictle  water,  and  rectified  orer  chloride  of  calcium.     Chlcride  of 


auiayl  also  seems  to  be  formed  by  the  action  of  chlorine  on  the  hydride.  ..  ..  _ 
eolonrliH  liquid,  with  a  strong  smell ;  its  boiling  point  is  282°  C;  its  specific  gruTitr  it 
l'2ei  at  1S°.  Whpn  exposed  to  moist  air.  it  ia  speedily  decomposed  into  hydrochlorie 
and  anisic  odda.  In  contact  with  dry  ammonia,  it  crolrea  host,  and  is  convDited  into 
anisamids  ({.  t,\  Alcohol  and  wood-spirit  attack  it  energotically,  foniing  bydiD- 
ohionc  add,  aud  anisate  of  ethyl  and  methyl  N^ectitety. 


R  ANOETHITE— ANOXOLDIN. 

nee  it  a  lued  u  an  ingndient  in  TunithM^  fee  giving  man  la  Imb  of  an  HMgi 
t  lo  the  simide  yeUowi. 

gUieriith>beet«nlT«ntofuiiMtto.  Fotuh ud lodt, eitliei cKotie w axbonata^ 
■oln  Bnnotto  in  lugs  qnantity,  from  which  ici]uliou  it  it  thrown  down  bj  aeios 

mull  flockL  The  ■Uolina  aolutioai  are  of  k  deep  red  colour.  Chlorine  il»- 
oriiM  the  alcoholic  eoIntioD  of  annotto,  the  liquid  becoming  speedi];  white  and 
1^.  If  etiong  mlphoric  add  he  poni^  on  annotto  in  powder,  the  red  colonr  pawn 
mediately  to  a  tbtj  flue  indigo  bke :  bat  tiiia  tint  u  not  permanent,  changing  to 
len,  and  finally  to  TioUt,  in  the  conr»  of  twenty-four  honrt.  Thia  proporty  r/ 
wming  bloe  belongs  also  to  laf&on.  Kitric  acid,  aligbtl;  healed  on  annotto, 
a  it  on  Sm,  and  a  finely  divided  charcoal  renuioa.  Annotto  i>  aolnble  both  in 
lential  otla,aa  oil  of  tnipendne,  and  in  fixed  oila.    (Boaaainganlt,  Ann.  Ch.  Fhyc 

Annotto  containa  a  crjatalline  yellow  colonring  matter,  called  bixin  (j.v.),  which, 
lea  tnated  with  aIkali^  in  contact  with  air,  ab»rba  o^gcn,  and  ia  eonveited  into  a 
isubetancecallediimii.  Annotto  ia  need  in  dyeing,  bat  the  colonre  prodnced  by  it 
1  aU  fngitJTo ;  al«)  for  colonring  cheeae,— U.  (See  17™'*  JXctuniary  of  Artt,  3faaw- 
idmit,  and  Mitut.  L  ITS.) 

*i»«M.  Fanday'a  term  for  the  poaitive  pole  or  elecbode  in  the  voltaie  drcniL 
•e  AmoN  and  £i.aOTBiciTT.) 

AJrOSTKTTS.  Ca-OiSO»  +  Al'0'-8iO'  =  (C»<i'')Si'0'.— A  mineral belongingt* 
1  felspar  family.  It  occnn  in  email  crystals  belonging  to  the  BicliniB  ayalem :  also 
laaiTt^  with  grannlai,  colnmnar,  or  coanely  lamellar  atmcliiTe.  ClaaTca  perfectly  in 
0  directtoni^  inclined  to  one  another  at  Flfi°  48'.  Specific  naTi^  2-W  —  3-TS. 
irdnesa  —  6—7.  Tnnaparent  to  translucent,  with  white,  gTeyish  or  reddiah  oolom; 
d  Titreons  lustre.  Str^Jc  uncoloured.  Froctnre  ronchoidal.  Brittle.  Before  the 
twpipe  it  melts,  and  forms  with  soda  a  milh-white  enameL    Strong  hydpochlcne 


impletely,  bat  do«  not  gslatinu 


Anorthite  isfonodon  Veaavioa  andSomma,  in  the  island  of  Procids,  inConica,  neat 
goslowslc  in  the  Ural,  an  Hecia  and  in  other  localitita  in  Iceland,  in  Java,  in  th> 
and  of  St.  Enatache  in  the  Aatillee,  and  in  the  meteorite  of  Jnvenaa.    The  fbJlov- 

^^'  a.Rni*.        Dxllle.        Deieoar.   WalUrtliaBise.    rutrka, 

SomiiM.  Aalllln.  HkIl  HecU.  "— ' 


HecU. 

Ural. 

.    44-«   . 

.  M-8  . 

4S-B7   . 

.   4114 

.   48-79 

.    84-*8   . 

.   M-0  . 

SS-38  . 

.   83U 

.  3!ia 

.     0-7*  . 

1-U  . 

.     3-03 

.     !•« 

.   I5fl8  . 

.   17-7   . 

17-ai  . 

.   lfl-S2 

.   IMT 

.     a-26   . 

.     M   . 

•      —     - 

.     M  . 

1-U  . 

.     1-06 

,     1-28 

100-63  100-3  9B-43  »-»6  lOfrTB 

The  fbnnnla  above  girea,  which  ia  that  of  an  Orthosilicale,  reqnim  4S'3  SiO*,  36-1 
'0',  30-0  CaO. 

The  following  are  Tarietiea  of  anorthits  having  nearly  the  aame  oompoeition  and 
rstatltne  form:~l.  AmpiotUlite  hu  the  strDCture  and  spcdflc  gravi^  of  anorthite; 
md  at  Logi,  in  Finlaiiit  and  Tunnberg  in  Sweden. — 2.  Bybmtute,  mm  ^rtown  in 
iDada. — 3.  Diplaitt  or  LatrobiL;  from  tlie  iaiaad  Amitok  on  the  ooaat  of  Labrador. 
ise-red,  with  the  form,  stmctura,  and  denaity  of  iinorthita. — 4  Indianit^  from 
indostan.  Qranular  massea.  baring  the  Btrocture  of  felspar. — E.  Lrpoiitt,  from  Lop 
d  Orijarfvi  in  Finland.  Besenibles  amphodelite. — 6.  Lindtaj/iU,  bom  the  aam* 
nJitiee,  appean  to  br  the  aame  altered,  and  containing  a  tern  pec  cent,  of  witer. 
7.  Polyatyitt,  from  Tonabeiff.  Bose-red ;  granolar ;  givee  off  water  when  br jtcd. 
d  becomce  coloariesB.— 8.  RmrUan.  &om  Aker,  Sodermanland.  f^ibita  dmllar 
opertiee. — 9.  Simdnilkitt,  from  EJraito,  Finland.  Has  the  form  of  felspar;  atid 
ecific  parity  ~  3'70.— 10.  WiUondtt,  &om  Canada.  Roe^red;  specific  grarity 
rS— 3-77;  hardneea  nrj  diSbrent  in  different  patta;  beoomes  cdonriess  wbeo 
■t«di  gives  off  wattr  and  melta  befbre  the  blowpipe^  swelling  up  to  awhite  enamd. 
lana,ii.334iBammelaber|faMiiia«Icbenus,  fSO.) 
AXOTTO.    See  AmroTTa 

AWOXO&imr.  AocordinjttoLeconte  and  O-onmoeDa  (Compl.  rsod.  zxxvi. 
14),  fibrin,  muEiTalar  fibre,  aJbcmin,  vitellin,  globnlin.  and  casein,  contain  t«« 
Serpnt  snbstan'-ni.  one  of  which,  called  exoluin,  ditnolvea  in  glacial  acetic  add.  whilg 
e  other,  anemlvm,  ia  iniolable  is  that  acid.    In  fibrin  and  naaciiUr  fl^  the 


>10  ANTHBOPIN— ANnCHLOB. 

■  ihining  warbtaa,  and  eaucfaoSlil  fruttm ;  ii  lirittle,  ind  jioUi  ■  jdowUi-tnwa 
powder.  It  metta  mi  awdls  np  Mrong  whan  heBted,  lod  bnin*  «i^  a  not  wnph— itf 
odooi,  leaTing  a  roddna  of  fume  oxidr^  lime,  ■olphnric  acid,  and  nlica.  It  %ppaa»  M 
be  ■  mixtim  of  Bsrcral  sabataDcci.  Etbsr  dinolm  a  poition  of  it,  Inniv  a  msia, 
which  has,  according  to  Laurent,  tbe  compoeitioD  C^O".  The  etberau  lolBting 
dqmjta  after  paitial  enporHtioc,  a  brown  powdm,  containing  CB^C,  and  tbi)^ 
when  aipiMed  to  the  air,  tskea  up  oiirgsa,  and  beeomea  paitiaUf  mlBble  in  alcohol ; 
and  the  alcobolic  solation,  precipitated  witb  aoetate  of  mppor,  jialdi  a  flooenlent  pn- 
dpitate,  containing  oxide  of  ooppu,  in  oombination  with  a  nain,  whoas  compowtion  ia 
aipreaaed  by  the  formola  C"i^O".  The  portion  left  ondisiolTed  b7  th«  akohol 
appean  to  contain  ClP't^.  (Handw.  d.  Chem.  2"  Anfl.  iL  S9.) 
AM  TM  M  AWmo  AOI9.    See  FHnm/uuAioo  Acm. 

an  acid  which  melted  at  fi3°  C,  and  gave  bj  analjaia  munbtra  corresponding  to  die 
ibrmnla  C'H'O'.  This  he  at  Ant  eDnmsad  to  be  a  peculiar  add  (antliR^iM  add) 
eziiting  in  the  fat  in  the  brm  of  a  gtjceride  (ant^m^iin) ;  bnt  lat^  inTestJgaticina 
proTed  that  it  waa  a  mixture  of  atearie  add  widi  margaiie  cr  p«l»nitin  add.  (Pogg. 
Ann,  IxniT.  23S;  Ixxxrii.  2S3.} 

AVTXAmor,  C"H"0*  +  1E*0.— Tbe  poUoDOiu  principle  al  the  Upat  aiiliar,  a 
kind  of  green  miin  which  emdee  ftum  the  npu  tree  [Antiarii  toxicaria\  aod  ii 


ployed  bj  the  Javaneae  for  poinning  t^eir  arrowa  It  is  eib«ct«i  bj  ciluBrting 
tbe  npai  with  bojiing  alcohol  craporatiTig  to  dijneaa  after  the  antior-reain  (ac«  bdow) 
kae  deponCed,  treating  the  extract  with  water,  and  eraporating  to  a  anvp;  tbe 


antiarin  then  takea  the  form  of  icalei,  which  are  purified  by  rtajatollisation 
without  odour,  dinolrea  at  32°'S  C.  in  2£  1  parts  of  water.  70  parta  of  alcohol,  and  a-S 
pta.  of  ether ;  ^e  aolution  ia  neutral  to  tcat-papen.  It  likewine  dinolrefl  in  dilute  adda 
When  dried  at  oidina^  tamperntuiea,  it  contains  134  per  cent  of  water  vi  oyrrtaHi- 
aatton,  which  it  goes  off  at  113°  C.  Itmelte  at  220°  C.  into  a  colourleea  liquid,  whidl 
aaanmea  a  vitmnu  oipect  on  cooling,  and  at  a  higher  tcinperatnie  tnnu  brown,  and 
eihalw  add  rapoun.  Dehjdnted  antiarin  contoina  CH^O*  (62-6B  p.c  C  and  7'46 
H.)  Snlpburic  add  coloun  antjarin  1:in)wn.  Hydrochlorir  and  nitric  addi  diaaotna 
it  without  olteiatioD ;  ao  likewise  do  potaah  and  ammonia. 

Antiarin  applied  to  a  wound  piKluee*  TomiUng,  conTnliiono,  diatrlw)*,  and  xioti 
aftervirda  death ;  ite  poiaonons  action  ■■  remarkablr  accelerated  t^  mixtnre  with  a 
■olnble  Kubetancc^  auch  aa  augar.    (Unldec,  Ann.  Ch.  Phaim.  xxriii.  304.) 

AXTUm  WJUUM,  C'fH*H).— The  vyu  Unlittr  olao  cantUU  a  reaJo  whidl  doea 
not  Filiibit  any  poiaonons  actioD.  It  ia  extracted  by  treating  the  npaa  with  boiling 
alcohol  or  ether,  and  ia  dqiadted  on  cooling  in  white,  odoDileM,  glutinoa  flakes, 
haiinga  dendtyofl'032  at2D°  C,  melting  atSO";  inaolnble  in  water ;  MdnbleioS^ 
pta.  of  alcohol  at  20<>,  and  in  U  pts.  of  boiling  aleoboL  Boiling  ether  disaohca  |  j^ 
ot  the  rfdn.  It  dissolTes  readily  m  eaaential  oila,  and  ia  ^laringlj  diMolied  by  canatie 
potaeh.  Ita  alchdic  lolntiaa  ia  not  piedpitated  irj  alcobolic  acetate  of  lead ;  bat  on 
addii^  water  to  the  niiitnra,  a  ptasbc  masa  is  precipitated  containing  3S<*4  par  orat. 
coide  of  lead.  (Pelletier  and  Carentou,  Ann.  Ch.  Pkya.  zxfi  IT;  Mulder, 
Ana.  Ch.  Pharm.  xxriL  307.) 

AVnOBXOa.  The  application  of  alkaline  hypoebloritM  (chloride  of  line,  ftc) 
to  the  Ueaching  of  cotton  and  linen,  is  attended  with  Ihia  ineonmnienee,  that  Iba 
fibre  ia  qit  to  retain  a  quantity  of  free  chlorine^  iriiich  gmdnoUy  Toti  and  dostroja  iL 
Hence  the  neceaeity  of  remonng  this  free  ehlrainc^  dther  by  long  conttnoed  waging, 
or  by  the  an>lieHtioa  of  some  reagent  which  can  nnite  with  the  chlorine,  and  ooDTert 
J.  :_. j^  componnd.    Bnch  reagents  are  called  "  Antichlors ; "  thdr  n~  " 


eapecially  neceesary  in  the  paper  mannfkctDre,  in  which  long  ooatinned  washing  in* 

free  chlorii  .„_. .  ._  „  „  -„ 

the  colonred  quantitiea,   and  in  some  instancca  partial  obliteration  of  docmocDta 
written  upon  Uie  paper  thus  imperfectly  prepared,  beddca  itqury  of  the  ddiole 


VDlTea  a  considerable  wasto  of  the  pnlp,  and  on  the  other  han^  the  non-remoral  a  the 
free  chlorine  is  attended  with  a  ^adnal  rotting  of  the  goods  after  atowaee,  Eidirg  of 
the  colonred  qnantitiea,   and  in  some  instancca  partial  obliteration  of  docmacDta 


The  Snt  nbetances  used  for  this  ptupooa  were  the  neatnl  and  add  sulpliitea  ri 
sodium  (enlphite  and  bisolphite  of  soda).  A  patent  for  this  application  of  tbe 
Rcid  sulphite  was  granted  in  IS4T  to  Mr.  Heniy  Donkia.  a  manuuctnnr  of  p^ier- 
mahar'a  machinery,  &c  at  Beimoadsey,  si  '  '*  ' 

——-'-■'  !-—■----'»■■      ^  aodtmn^  v 

e  being  just  double  that  cf  the  aa'd  aulphitci  (Sea 
us.)  The  products  fonned  by  the  action  of  chloritw,  (cr 
hypochlomDS  add)  on  SDl[diite  or  hypoeulphite  of  sodium,  arc  milphate  and  chloride  <rf 
aodiimi,  both  of  which  ore  perfectly  luaocDDUS,  and  eosilf  removed  by  waabing. 
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iMing  duh;  on  lite  higf  K^e,  in  >  rererbentoiy  ftmtaee).  witk  «nut.ii>t  atirrina 
I  flra  being  gradnaUj  incrnacd,  bnt  not  snfflcientl;  to  h»  the  vam.  Tfae  •alphor 
apM  in  the  (bnn  of  ■alpbnrom  Kcid,  and  there  remains  a  miztnre  of  tclroiiilt 
■ntunoDj  with  ■  mull  qnintitj  of  trioxiile,  ■monnting  to  kboot  J  of  iU  «n^t 
siger  kDcl  Beimann,  Mug.  Fhum.  irii.  136),  and  Cnees  of  ondeonmpomv]  mlphiilt 
antimoBT:  Atlinionff-atit,  Calx  AntinvHia  gritra  prr  k,  or  Oiini  Antaiiami.  Thii 
idne  ii  tiien  mixed  with  half  ita  ireight  of  ernin  of  tnitu,  or  iritli  I  part  of  char- 
1  and  )  pt.  potaah,  or  vitb  pharcool  powder  nttonited  with  ac  aqnaom  aohitioe  nl 
bonat«  of  BodiDm,  and  foied  in  a  eoTsred  crneihle  at  a  low  red  beat ;  tbe  fbacil  uu( 
Jien  ponred  ont  into  a  hot  monld  partlj  filled  with  Ullow,  and  the  mtmld  gmtlj 
iped  to  make  the  metal  sink  to  the  bottom.  The  alsg  at  the  iop  conaiata  of  a  mu- 
e  of  alkaline  earhnnate,  double  aalphide  of  antimonj  and  potaannm  (or  sodivoi)  and 
ireoaL  The  Thai"^'  aeparatea  the  eiygtti  Amn  the  antimonj,  and  from  a  portion 
the  alkali ;  and  the  potudan  or  ■odium  thna  eliminated  separatee  the  anMinr  from 
t  of  the  sD^ihideoiF  antimonj  still  present,  and  than,  in  theformof  ■nlphide,  oniliia 
Ik  the  rcmamder. — 2.  A  mixture  of  B  parts  of  salpbida  of  nntimoAj,  ftnd  6  puts 
cream  of  tartar  is  heated  in  a  emcible,  neaHv  to  redncH,  and  from  Ho  3  p«its  erf 
re  are  added  till  the  mass  become*  perfectly  ftised.  (^  a  mixtore  of  S  pta.  i4 
phide  of  antimony,  6  pte.  of  cream  ot  tartar,  and  8  pts.  of  nitre,  is  projected  bj 
all  poitinns  at  a  time  into  a  red-hot  croeible  placed  m  a  fomace,  and  the  wbois 
seated  for  a  shoK  time,  til!  perftetlj  fiised.  The  mass  is  then  pottred  ont  as  befbi« 
B  lower  stntam  oonaista  of  metallu  antimonj :  the  upper,  of  dcnUe  ralphide  el 
:imonj  and  potaseiqm  mixed  with  cbarcnaL  The  charcoal  in  tbe  bluA  flex  with- 
,ws  oijgen  from  the  potash ;  tbe  potassium  tbni  separsted  deoompMea  a  portifm  of 
I  lulphide  of  antimonj,  setting  the  metal  free :  and  (he  reenltiDg  solphide  ot 
ABsinm  nnitea  with  ths  still  nndeeompoaed  snlphide  of  antimonj.  Frobabljr  aecord- 
;  to  ths  following  eqnstion : 

63bW  +  8KV  +  60  -  S(2K'aSb^  +  4Sb  +  «C0. 
gording  to  this,  onlj  J  of  tbe  antimonj  contained  in  the  aalphide  ahould  be  obtained 
tbe  metallic  state,  or  from  100  parts  of  the  sulphide  of  antimonj,  20'lfi  parts  of 
inlns.  This  ronlt  accords  with  BCtaal  experience,  100  parts  of  so^alde  of  anti- 
nv  being  foood  to  jield  27  parts  of  antimonj.  According  to  Liebig,  hawerer,  I7 
nng  ont  the  nitre  in  this  proceas,  100  parts  of  inlphide  of  antimonj  prodaec  M 
la  of  the  metal — 3.  An  intimate  mixtore  of  8  parts  of  snlphide  of  antimonj  with 
it.  of  dij  carbonate  of  sodium  and  1  pi  of  chanoal,  heated  in  an  earthen  cmcible, 
1  oonslantlj  stirred  with  a  stick  till  it  fuses  qmetlj,  and  then  ponred  ont  into  the 
dng  mould,  fields  61  ports  (71  per  cent.)  of  antimonj,  which  is  afterwards  piirifl«i 
n  iron  and  copper  bj  Auion  with  I  its  weight  of  nitre  (Dnf  loa,  Br.  Arch,  xxiri 
' ;  HiriiL  1A8).  In  this  proceas,  rsther  more  than  3  atoms  of  caibooatc  of  aodinm 
I  charcoal  are  need  to  1  atom  of  trisolpliide  of  antimony,  eo  that  a  nffieiMit 
mti^  of  sodium  is  set  free  to  srpatate  the  whole  of  tbe  nlphfa ; 
Sb^*  +  SNaK)  +30  =  JSb  +  SNa'S  +  SCO. 
B  fosioD  most  be  continoed  for  a  long  time,  during  which  the  mass  is  Tnj  apt  to 
1  orer,  and  tbe  antimonj  to  bum  awaj;  the  total  amonnt  obtained  is  onlj  66  per 
tn  and  the  antimonj  still  contains  ibe  whole  of  the  other  metala  vhich  were 
•entin  the  solphide  (Liebig.  Mag.  Fhsrm.  xxxt.  120).— 4.  A  mixture  of  ITT  pta. 
at)  of  snlphide  of  antimonj  with  at  most  62  pts.  (3  at.)  of  iron  filing  or  mo 
Is  is  heated  to  bright  rednees  in  n  eloeelj  coTpred  crucible,  and  then  lefl  to  oool : 

Sb>8'  +  SFe-2Bb+  3FeS. 
B  iron  separates  llie  whole  of  the  snlphur.  er^n  nt  a  gentle  heat ;  bnt  a  strongv 
it  is  required  to  ftne  the  sulphide  of  iron,  and  cause  the  antimonj  to  form  a  distinct 
itum  beneath  it;  at  this  high  tempeiatnre,  the  snlimonj  is  apt  to  bum  awaj  if  the 
dUe  be  not  wdl  ooreted;  hence  a  lajerof  charcoal  powder  orer  the  mixtnn  is 
foL — The  addition  of  carbonate  of  potassium  or  sodium,  or  of  nitre,  accelvrvtes  the 
ion,  because  double  snl^diids  of  iron  and  potassinm  or  sodium  is  [hereby  fijnned. 
ieh  is  more  readilj  fdinble  than  pnre  sulphide  of  iron.  For  example.  23  pta.  of 
pe  are  added  to  a  stronglj  ignited  mixtore  of  100  pts,  of  sulphide  of  antimonj  and 
pta.  of  iron.  orO  pts.  of  nitre  to  100  pts.  of  sulphide  of  antimony  and  4T  pts,  rd 
1;  —  or  100  pts.  cJ  snlphide  of  antimonj,  *3  pts.  of  iron,  from  10  to  BO  pta.  of  iij 
bonate  of  sodinm,  and  2  to  S  pta.  of  cbsreoal  are  melted  losether,  Bertluer,  how- 
I,  fiiund  it  most  adranlageons  to  fiise  together  100  pts.  of  sulphide  of  antinoiiT, 
-60pts.of  smithj  scales,  46  pts.  of  carbonate  of  potaasinm,  and  10  pts.  of  ehaite«J'. 
■  — '-■ —  jielded  BB  plst  of  antimonj;  the  man,  howerer,  was  found  to  ftwth  up 

the  regnlna 


aiderablj.    Liebig  (Mag.  Pharm. 
which  It  Be] 


with  that  metal  (Aim.  Ch.  Pharm.  xxil  62), 
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gddicT  with  tlie  finer  powcUr,  ii  then  poared  off;  tbi 

pcatle,  and  boiled  with  s  freob  qaaatityof  wits;  the  two  limiida  with  their  di, 
mixed ;  uid  the  iuolablf  portioD  ii  fraed  by  repeated  nbaidence  u>d  decuitation,  tai, 
Iwtly,  by  wuhing  on  •  liter,  bam  the  oHuline  lolotioii  which  ixintuns  the  allialin 
arsenate  and  bnt  a  reiy  snuU  quantity  of  antimonate.  The  waehed  aad  aati- 
monate  of  potaaBinm  is  white ;  but  if  it  eontaini  lead,  which  cannot  be  ranmrd  ij 
uitrie  acid,  it  haa  a  jellow  colour.  It  ia  then  ftuad  with  half  ita  weiriit  of  cn*m  « 
tartar  at  a  moderate  red  heat,  and  the  naoltiDg  metallic  antimony  contaming  potatnan 
ii  pnlTniaad  and  tlirown  into  water,  iriiich  remores  the  potamnm  and  libostee  pan 
bj^mgen  gae  (Wohler,  FosE.  Ann.  xiriL  628;  also  Ann.  Ch.  Phann.  t.  SO.)  Ae- 
cording  to  C.  Hcjer  (Ann.  Ch.  Pharm.  Iitl  33fl ;  Centr.  Blatt.  134B,  B28)  the  iw  of 
nitre  is  objectiooabla,  beeause  it  given  rise  to  the  formation  of  antimonata  of  potaa- 
ainm,  which  destroya  the  eiactoeea  of  the  proceat.  Hejer  recommcDda  a  miature  of 
nitrate  and  carbonate  of  aodium,  wherebj  a  mass  is  obtained  which  doea  not  jidd  a 
tiBce  of  antimony  to  water.  This  method  ia  so  exact  that  it  maj  be  oiied  to  sepants 
antimoa;  tnaa  ananie  in  qnaatitatiTe  analjiis;  moiriiTFT,  the  sntimonr  thus  nb- 
tuned  is  not  contaminated  with  potawiiun  or  aodiiim.  —  2.  One  part  of  pilTerudd 
antimony,  prqiared  by  the  lecoiid  method  (p.  S12),  is  rapidly  fHuedwitfa  half  it*  weight 
of  carbtmate  at  potaasinin,  and  the  maaa  is  ponred  out ;  the  metal  obtsioed  ia  thai 
cnisheii,  ftiaed  with  one-fonrth  its  weight  of  nitre,  again  poured  out,  the  metal  agaia 
crushed,  and  hsed  with  one-third  ita  weight  of  bydrated  antimonic  acid ;  aod  Ueilf. 
the  antimony,  after  being  repulTerised,  is  fused  with  one-thitd  its  weight  of  eu^ 
bonate  of  potassium,  and  poured  into  the  mould.  This  method  completely  mnorM 
the  arsenic  {Th.  Martiue,  Kaatn.  Arch._iiiT,  283).  — 3.  If  32  pts.  of  antimooT, 


e  iiued  with  4  pts.  of  nitre,  the  slag  contains  a  large  quanli^  o( 

um  ;  and  the  resulting  30  pta.  of  metal  fused  with  3  pts.  of^  nitre,  rtiU 

jieldj  a  aznall  quanti^  of  araenate  of  potansinm  and  27  pta.  of  metal ;  thia,  if  a^in 


ftisedwith2pta.otiiitre,  yields  asUgCDnlainingBoareely  anything  but  aL 

potasdnm,  and  metallic  anlijnony  perfectly  &ee  &om  arsenic  If  cubonata  ofpotajsiiuii 
be  used  instead  of  nitre,  the  separation  of  the  ancnic  is  much  more  diiOewt  (J.  A. 
Bnehner,  Bepert  zlir.  246). — ^4.  One  part  of  antdmoDy  prepared  hj  tiw  third 
.  tnethod,  i>  heated  with  IJpt.  of  oil  of  Titriol  in  a  porcelain  bisin,  stiiTing  Muftantlj 
H  bug  M  inlphnnins  acid  gas  continoee  to  be  erolTcd,  and  water  ii  car^Uly  added 
by  small  portions  at  a  tjme,  till  a  gieyish-white  intumeecent  mass  ia  formed.  This  it 
then  mixed  in  a  Teeaol  made  of  antimouy,  with  &om  O'S  to  0'4  pt.  finefr  pi>»deiBl 
Aooi^fipai,  and  0'4  to  O'Spt  oil  of  vitriol  (according  to  the  quantity  of  aiienic  pnaent). 
Hie  whole  ii  then  hevted,  with  constant  stirring,  aa  long  as  hydrofliioric  acid  and 
fluoride  of  arsenic  are  given  off;  the  reeidne  is  afterwards  ^adnoUy  mixed  with  wiil«. 
and  washed  by  decantation  till  the  wash-water  ceases  t«  exhibit  an  acid  reaction ;  aad 
the  remaining  basic  sulphate  of  antimony  is  reduced  by  fusion  with  half  ita  wai^t  tl 
cream  of  tArtar,  in  a  corered  crucible.  If  a  leaden  Teasel  were  used,  antlmoin  and 
anenic  would  be  reduced  together,  and  consequently  the  antimony  ohtained  wtFaU  tM 
be  free  &om  aiMnii^  (Duftos,  Kaatn.  Arch.  xix.  H;  also,  Schw.  Ix.  3S3;  furtho; 
Sehw.  lxiLt01;fe«  also  Bnehner  and  Eerberger,  Bepeit,  zxxriiL  381,  ilir, 
2480 

Tistt  fir  In^imitia  itt  Antimom.  —  I.  BuMivr,  The  powdaed  metal,  when 
heated  mth  strong  hydrochloric  acid,  gives  off  hydraaDlphnnc  add.  —  2.  F<4attatm 
m  Bedhtm.  The  antimony  oppean  more  grey  than  white,  and  loses  its  Instn  on 
exposure  to  the  air.  Its  powder  has  an  alkaline  taste,  reddens  moist  tumeric  t*f^ 
nnd  stoIycs  hydn^en  gaa  when  put  under  water,  giving  up  alkali  to  the  liqiiilC  — 
3.  Artimc.  The  metaC  when  fuiwd  in  the  air,  emit«  a  garlic  odour.  If  ita  powdcz  be 
detonated  with  about  ^  pt.  of  nitre,  and  the  remilting  mass  treated  with  water,  a 
filtrate  is  obtained,  which  contains  anenate  and  antunonate  of  potaaaiani,  so  tlut 
when  sapeniatiiraled  with  hydrochloric  add,  and  rapidly  saturated  with  bydmsnl- 
phuric  add  gas,  it  first  gives  a  yellowish  red  predpitate  of  pentsBnlphide  of  antimniy, 
and  then,  if  rapidly  filtered  and  preserved  in  a  cloae  naiel,  gnidualIydepceitaaj«ll0w 
preelpitBt«  of  pentasnlphide  of  arsenic;  Tbe  antimony  ignited  with  an  equal  wei^t 
of  eresm  of  tartur  in  b  covered  crudble,  yields  an  uloy  of  potassium,  arsenic,  and 
antimony,  which,  if  reduced  to  powder  mider  water,  evolves  aiseoietted  hydrc^R^ 
recognisable  by  its  depositing  brown  metallic  arsenic  en  iniilion  (see  Anssnjc).— -4.  L^^d. 
The  powdered  metal  boiled  with  nitric  add  nearly  ta  dirness,  and  then  bated  with 
water,  yields  a  filtrate  which  containa  nitmte  of  l^d,  and  is  coasefjnentlv  predpitated 
I^  snlphnric  add.  When  the  qnantity  of  lead  is  large,  a  solution  of  antimony  ia 
aqna-regia  deposits  erTstalline  needles  of  chloride  of  lead  on  cooling. — If  the  antimony 
contains  sulphur  besides  the  lead,  the  lead  remains  undiBaohred  in  the  lonn  of  tulpbair, 
on  treating  the  metal  with  nitric  add.  If  the  aiitim(inion<<  oxiiie  in  the  reeiitue  ia  tbem 
dissolved  ont  by  warm  hydroeolphale  of  ammonia,  black  sulphide  of  lead  remaiH 
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dllnt«,  the  proiaA  OMuUi  of  tnmidfl  of  uitimoiijr,  nixed  villi  B  •maU  qautit;  t( 

''  '     tdd,  on  the  ooatni;,  the  product  oooaute  diicAj  v 

I,  Anoljt.  Chem.  L  2S8).     The  metal  ii  Dot  leUi 

_^ ...         .  t,  bnt  vben  heated  with  the  itrong  add,  it  a  coDmud 

into  laipbatek  with  cmilatioD  of  mlphnioiu  ashjdride.  In  the  alAte  of  flue  powder,  ii  it 
dinolTed  br  boiling  kgJrocUarie  add,  with  evolatkou  of  hydrogen,  bat  in  the  eompael 
— .  u  — !-.  ... ^Tn  of  that  wad,  eren  at  the  boiUng  heat. 


oiinie,  me  pnMiDci  oonnaa  oi  moi 
pentoxide;  with  BtroiiB  nitric  add 
wholly  of  pentoxide  (H.  Roie,  A 
Dpon  tn  diinte  lufjumw  add,  bnt 


Iri-eompotiHdi  of  anttnumti,  eontainiiig  1  atom  of  thf 
""-"'■'"  ™  "    ie.  or  3  atonu  ^ BWtal  with 


metal  with  3  atoms  of  a  uonobaaie  aeid-radiclB,  CI,  Br, 

S  atotna  of  a  dibaiia  acid  ladid^  O,  S,  tec,  t.  g. : 

Trichloride  of  antimony BbCf 

Trioxide  oi  antimoniou  oxide     ....  SbiO* 

Trinlphide SbV 

3.  Antimonie  eempaitiidi  or  penla-am^mauU  of  ontimoiqr,  in  whtGh  1  or  2  a 

metal  are  BModatod  with  d  alomi  of  an  add-radiele,  t,  g. : 

PentaehloridB  of  antimony SbCI* 

Fentoiide  at  antimonie  oxida     ....  8b*0* 

Pentanilphide SbV 


Then  ire  likewise  a  few  componndi  of  aDtimony  not  inclnded  in  dthvr  of  thi 
aeriea;  e.^.  the  t«troiide,  SbO*.  which  may,  however,  be  leguded  ae  a  eompoandof  I. 
two  oxide*  abore  mentioned,  ria.  actinionoao-iuitimonic  oxide,  SbH}*.Sb*0*  —  4SbO'. 


!•  with  mart  of  the  hewry  tnMab, 


AHTUCOVT,  A&&OTS  OV.  Antimony  nmtee  with  moat  of  the  hetny  tn 
Tendering  them  hanier  and  more  brittle.  AbMt  of  the  alloya  are  easQy  bcmi 
Itaaing  the  two  metala  together ;  aome  oaear  natiTe.  The  alkali-metala  li«wiae 
alknr*  with  antimonr. 

eta  the  compound*  of  anenic  and  antimony  lee  Aaamno. 

jMinwtuii  of  Coppir. — Frepaied  by  ftiaiog  the  two  metaU  tagethar  in  eqw 
tiliea  i*  pale  Tidet,  Tetj  brittle,  and  of  laminar  texture.  According  to  f 
copper  alloyed  with  016  per  cent,  of  aolimDny,  beeonua  •omewhat  oold-ahi 
Tmy  hot^boit. 

Jnttmeniii*  of  Gcid. — The  two  metali  unite  very  eaaHy,  melted  gold  sren 
il^  T^xmr  of  antimony.  An  alloy  of  S  pta.  sold  to  1  pt  antimony  ii  Toy 
wSite,  and  exhibita  the  fracture  ofporceUin.  Gold  loan  ite  malleability  by  ad 
widi  abont  (^  of  antimony.    The  antimony  ia  easily  expelled  from  Uia  i 


alknr*  with  antimonr. 
I^)T  the  compounds  of  anenic  and  antimony  see  ABsmno. 

Aiumonidt  of  Coppir. — Frepaied  by  ftiaiog  the  two  metals  togethor  in  eqnal  qua- 
tiliea  is  pale  Tidet,  Teij  brittle,  and  of  laminar  textore.  According  to  Eanle^ 
copper  alloyed  with  016  per  cent,  of  aolimDny,  beeonus  somewhat  oold-ahort  and 
Tmy  hot^boit. 

Jnttmeniii*  of  Gcid. — The  two  metals  unite  very  eaaHy,  melted  gold  sren  alwirb- 

Toy  brittle. 

ly  admixtora 

f  antimony.    The  antimony  ia  easily  expelled  from  Uia  mHo}  by 

Antimottidt  of  Imu—k  mixture  of  7  pta.  of  antimony,  and  S  pla.  of  iron  heated  lo 
vhiteness  in  a  cmeibU  lined  with  charcoal,  forma  a  while,  Tery  hard,  slightly  magnetie 
alloy,  which  giT«  ipadi  when  filed.  An  alloy  of  antimony  and  iron  is  always  formed 
when  solphide  of  antimony  ij  reduced  by  iron  in  Fxcess  (nguitis  anttnwiM  marti^a\. 
A  very  siaaQ  quantity  of  antimony  (0'23  per  cent.)  makes  refined  iron  both  bot-  and 
coldshort. 

Antimonide  of  Lead.  —  The  two  metals  anile  resdily  in  all  proportions.  Lead  is 
hsrdened  by  admixture  with  antimony.  Ad  alloy  of  equal  parts  of  the  two  is  brirtle 
and  ringing;  12  pts.  lead  and  1  pt.  antimony  fiirm  a  malleable  ^loy,  ■omewhat 
hsrder  Uiaa  lead.  T^po-nietal  is  an  alloy  of  aatunoay  and  lead,  oually  containiuif 
17  to 20  percent,  ot  antimony.  Sometimes  other metaU  are  added,!.;.  1  pL  biiniath 
to  IG  pta.  lead  and  3  pla.  tin,  or,  for  stereotype  plaice,  ^  to  ^  of  tin.  The  ipecific 
jnavity  of  alloys  of  lead  and  antimony  is  alwaya  aboTS  the  mean. 

AtUimonidt  of  Ificlctl,  NiSViOCcnn  us  a  metallu^c  product  obtained  by  enblimatioa 
in  long  hexagonal  prisms.  Another  allo^,  Ni'Sb,  ocmn  u  a  natunl  minenl  callil 
antiitumal  nickd  or  Brriikittipiite,  in  Ihio  heiigonsl  plates  of  spedflc  gravity  T'54l, 
hardness  <■(;  fradura  nneTsn;  the  recent  fracture  exhibits  ■  light  copper  Oolour  with 
alinge  of  liidet;  powder  red-brown.  Not  maf^ietie.  Ignited  in  a  elu*  tube,  it  yietiJs 
a  small  sablunate  of  antimony.  On  charcoal  it  forms  an  sDlimoni^  deposit,  and  cnn. 
not  be  fosed  ex«pting  in  small  piecee.  It  ia  bnt  little  attacked  by  simple  add*,  bat 
dissolTca  easily  in  aqna-regia,    Atialym*  by  Stromeyer  (Pogg.  Ann.  xxxL  IH): 

Sb    .        .    m    .        .    Fe    .        .    FbS 
fl3-7S    .        .    2S-«6        .    0-B7  .        .      S-U  -  »-M 
M71    ■        .    2T  OS        .    0-84 .        .    l:i'36  -  VB-M 


818  ANTIMONY:   DETECTION. 

b;  ■  gratis  hML    3.  B^  dulilliap  3  pU.  of  ■ntimon;  witb  a  pbi.  of  meniide  (UstUt 
or  3  pt>.  of  tl)8  Inmlpbide  of  aatimouj  with  i'6  pU.  of  meicorie  ebloride : 

3Sb  +  SHg'a*  -  SSbCl*  +  SHg;  uidSb*S>  +  SHg'CI'  >  2SbOt*  +  SHg^ 
I.  By  heating  the  tnrolphide  with  etioag  hjdrocMaric  iicid,  or  metKllie  uitunnciy  viiti 
hjdnichlorie  iciil  to  which  nitric  idd  i3  added  in  mcceBaive  null  poctioo* :  it  too 
mnch  nitHc  acid  vq«  added,  a  precipitate  of  oxide  of  antimonj  or  antimoaic  tai 
would  be  tbnned.  A  aoIotioQ  of  the  triclilaride  in  ezceu  of  hjdiochlotic  acid  is  this 
fomwd,  and  on  sobseqaeDtlj  dirtiUing  this  liquid,  waUc  tnd  bjdiochlone  acid  pus 
over  Bnt,  and  afterwardi  the  pora  trichlnride. 

Trichloiid*  of  antimoaj  ia  at  oniinaij  tempcraluna  a  tmulneeot  &t^  Bum  — 
UienMimUedbDtlerafuitmionT.  It  melt*  at  72°  a,  and  boils  at  about  200° :  fam» 
■ligbtlj  in  Uie  air,  and  is  very  comwiTS.  Wh«n  thrown  into  wattf,  it  is  dMOBtaini 
into  hrdrachloiic  add  and  tnozlde  of  antinuinj,  wliieh  bowvm  iMnain*  nnited  viili 
■  portion  of  the  chloride,  fomung  a  whits  powder  called  ponder  i/f  algnrolk,  TV 
same  decompantioD  take*  plaoe  on  adding  water  to  the  solntion  of  the  trichloridt  b 
strong  hTdroohloric  add.  The  jaedpitala  is  rediasohed  by  eicess  of  hydrochlorw 
add,  and  the  solution,  which  contains  hydntod  trichloride  of  HntimoBy.  is  the  hhsI 
coDTenient  that  can  b«  nsed  lor  exhibiting  the  reactions  of  antimony.  Tbe  additiiM 
of  tartaric  add  to  tiua  colntion,  preveata  it*  decompoution  by  water.  

The  snhydrooa  trichloride  combine*  with  Bnuaoiiia,  fortoiiu;  the  con^xondNH'.SliCP, 
and  forma  dyatAlIine  compounds  with  the  chloride*  of  the  o&ali-mFtal*. 

FiBTacKLOBiDB  OF  Ahti>oht,  SbtS*.  1*  formed,  with  bnlliant  eonbostiDB. 
when  finely  powdered  antimony  ia  thrown  into  ehltnine  gas.  It  may  be  orepared  1^ 
passing  dn  chlorine  over  palveriaed  antimony,  gently  heated  ia  a  tnbiuatdd  nton 
prorided  with  a  receiTer,  or  otbt  the  trichloride.  Hofmann  {Oiem.  Sot  Qo.  J.  dil 
6t>)  introduces  metallic  antimony  coaiaely  powdered  into  a  combwtioD-tnbe  Ere  tc 
six  feet  long,  risinx  at  an  angle  of  10°  or  lfi°,  one  end  being  fitted  into  a  tobnlalst 
of  a  two-ne^ed  gliss  globe,  aim  other  neck  of  which  ia  connected  witk  a  tnbe  snpph- 
ing  dij  chlorine.  Combination  take*  place  in  the  tube,  and  the  piodnda  flow  baa. 
wuds  into  the  globe,  whilst  the  long  layer  of  antimony  preTent*  the  M^aM  of  an 
ehlotine. — PeotacUoride  of  antimoDyis  a  Foloniless  or  yellowiih,  very  Tolawe  liqaij. 
iriiieh  emits  suffocating  vaponis.  Water  first  ooaverta  it  into  a  oystalliiie  hydnif 
and  then  decompose*  it,  finmiag  hjdtochlorie  and  antiiaonic  adda.  It  absorb*  o.^- 
tnomifl  and  pkoavkoretted  hydrogen,  forming  solid  red-brown  compounda.  It  absoita 
eUfiani  gat,  C*H*,  as  readily  aa  chlorine,  and  forma  Datch  liqmd.  By  jpanog  dry 
defiant  gas  and  dry  chlorine  aimnllaneooaly  tbrondi  boiling  penlachloride  of  anti- 
niony,  in  a  iMort  connected  with  an  inverted  condeaser,  luge  quantities  of  Daub 
liquid  may  be  easily  obtained.  The  peatofhloride  here  acta  ■•  a  esirier  of  tm 
ehloriDe,  a  pqrpoae  tor  which  it  msj  often  be  adrantageoiuiy  used  (Hofman. 
kccil.)  ItGkewise  t^xoAt kydr^niipiime aeidgiu,  at orduiaiy  temperatures,  forming 
a  while  ciystalline  chlorcsnlpMde  of  antimony,  6bCl*S,  analogous  to  eblaroaalphide  d 
phosphorus.  Pel's. — With  oinilpUd*  of  ear&on,  the  latter  being  in  iilmsa.  It  jitidt 
tebachJoride  of  carbon,  Iricblonde  of  antimony,  and  (tee  sulphur : 

CS*  +  iSbCf  -  Ca*  +  2SbCl'  4  S". 
Vba  mixtnrs  becomes  very  hot,  and  on  cooling  deposits  eryslals  of  trichkiride  of  anti- 
mony,  mixed  with  snlphor-crystala,  the  tetrachloride  of  carbon  remaining  in  the 
liquid  state  (Hofmann,  Av.  eil.).  The  pentacUoride combine*  with  h/droeyamie  aeid. 
(toniing  a  white,  oyttalline,  volatile  rompound,  containing  SliCI'.SHCy:  alio  with 
cUfOride  of  cgatiogm.-^K  white  polTenilent  anbslaiice  containii^  3SbC3MSQ',  >■  ob- 
tained b^  heating  pentaanlphide  of  antimony  in  di^  chlorine  saa  ;  it  i*  decomposed  M 
300°  C  into  chloride  of  aulphar,  trichloride  of  antimony,  and  free  chlorine. 


1.  Blowpipe  Beactiotit. — Solidcomponodaof  antimony  ftisedinton  charcoal,  with 
dry  carbonate  of  aodiumorcj^aideof  potaaeiuib,  yield  a  brittle gloWe  of  an'' 
a  thick  white  feme  being  at  tiie  same  time  given  o^  and  the  chonoal  covered 


given  oi . 
a  white  deposit  of  oitde.    If  the  heat  be  contiiiaed  tor  M 

iletelj  diflflipat 


timc^  the  globule  will  be  completely  diaaipaled.    The  redaction  with  qraside  of  pota^ 
rinm  may  be  performed  in  a  porcelain  cnidbte  wiUiont  charcoal 

Tie  antimony  globule  is  coaverted  by  nitric  add  into  a  white  oxide,  soluble  in  a 
bailing  aalntion  of  cream  of  tartar.  It  ia  iuaoluble  in  pure  hydrochloric  add,  bat  dia- 
Bolvfs  easily  on  addition  of  a  amsll  qoantitj  of  nitric  add.  forming  a  aohition  of  the 
trichloride,  which  is  decomposed  by  water,  tbiming  a  white  [aeei{iitat<^  sohible  i* 
acem  of  hydrochloric  or  tartaric  acid.  If  tartaric  add  be  prerinudy  •dded,  wata 
prodnoe*  no  pndpiUte. 
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M  of  antiii 

0  m*tter,  t .         ...  .  „    , 

;  to  dtfted^  tlie  orguiia  matter  by  miiUtiaa 
ia  be  exunis«d  u  wlid,  it  ihoaU  be  cU  ii>ta 
1  pucea ;  if  a  luga  qpantitf  of  liquid  is  paseat,  it  mart  be  brnngbt  hj  arafioiUiM 
coareDieut  bulk.  It  ia  theii  mii»d  with  rtnug  hydrochloiic  tad.  ■  golle  hnit 
ed,  and  chfainiCe  of  potiminiQ  added  br  inull  portloui,  till  the  liqnid  irOiUKi  a 
jellow  coloui.  It  u  then  heated  till  the  odour  of  chloriDe  is  qo  longer  ["nr?- 
and  afienrardi  left  to  oool  and  filtered.  From  the  cleu'  liquid  thai  oUwaed. 
mtJmoay  may  be  precipitated  by  hydtonlpbaiic  acid,  or  bj  metBllie  conier.  aad 
redpitUa  treated  in  the  maQDer  lureadj  deeciibed ;  or  the  liquid  may  M  iotn- 
1  into  a  Manh'e  appujatoe  (see  Aataxia),  with  line  and  dihite  ■ulphiine  acid, 
the  antimoDV  reduced,  either  in  the  oeape-tube  tnr  the  heat  of  a  laiD[^_or  on  a 
lain  plate  h^  in  the  flame.  The  metallii!  deposit  thui  obtained  ma^  be  diMolred 
[us-i^ia,  and  the  ealatioD  treated  with  hydmsolphuric  acid,  which  will  pn- 
the  ehuscteristic  brick-red  precipitate.  Another  method  of  tfleting  the  d^iait 
moisten  it  with  Ditric  acid,  of  apeciflo  graritj  1-42,  then  hrat  the  TOMd  ovo'  a 
,  and  blow  orei  the  aui&ce  so  ae  to  csuae  the  add  to  eruiorate  without  boQin^ 
whit#  deposit  then  remaining  oonairte  chieflj  or  wholly  of  truaidA  of  antimooj, 
1  will  [nodoce  a  deep  black  spot  with  amjnonio-mtrate  of  direr.  A  dqioait  ef 
llic  Hnenic,  treated  in  the  sarao  way,  givee  with  anunonio-nitrate  of  alttr,  talha 
ov  precipitate  of  anenite,  or  a  red-brown  prtcipttale  of  anenate  of  nlrcr,  acecrd- 
>  the  degree  of  oxidation  produced  by  the  nitric  add.  (Bum  en.) 
Quanlilaiivi  Bitintation. — 1.  Antimony  may  be  accoralelj  estimated  in  the 
1^  tetroxide  or  antimonata  of  antimony,  SbO*,  that  oxide  being  neilhez  ToUlilt 
ecompoaible  at  a  red  beat  The  antimony  being  predpitiited  from  aolntioB  (4 
nulphuric  add,  the  precipitate  ie  washed  and  £ied,  tben  placed,  together  with 
Uler,  in  a  poreelain  iMsin  coTfied  with  a  funnel,  and  fuming  nitric  add  poBred 
it.  A  Tiolent  action  then  takes  place,  the  antimony  and  the  greater  part  of  the 
or  being  immediately  oiidi»d :  the  oxidation  of  the  Bulphnr  may  be  eon- 
i  by  heating  the  Teeeel  over  a  water-bath.  The  reanlting  white  masa,  eonsiatiin 
timonic  add  mixed  with  aulpharic  add,  ia  converted  by  ignition  into  pnn  aati' 
'-   -'--■-- -DntainiDg  T9'22  per  cent  of  the  met*!    The  oxidation  trf' the 


__ ^  .  „        n,  would  reconvert  a  portion  of  the  oxide  c/ 

lODy  into  sulphide.     Fuming  nitiric  acid,  on  the  coDtrary,  boils  below  the  ''"^^^'^^ 

of  snlpbnr,  and  the  aulphur  separated  Tij  ite  action  takes  the  form  of  a  Hm 
er,  which  is  eaaily  oiidiied  at  a  gentle  heat.  If  the  sulphide  of  antimony  w 
i  with  a  Urm  quantity  of  &ee  sulf^ur  (which  is  often  the  ease  when  it  has  bees 
Ived  in  an  Jkaline  sulphide  and  lepreopitated  by  an  acid),  it  is  beat  lo  remoTB 
ree  sulphur  by  washing  the  precipitate  with  bisulphide  of  carbon. 
e  oxidation  of  the  lulphide  of  antimony  may  also  be  effected  by  igniting  it  witb 
uric  oxide  (prepared  by  predpitating  a  hot  solution  of  mercnric  cUonde  with 
s  of  caustic  potash).  When  these  snbstancea  an  heated  together  in  eqntTaluit 
utiona,  a  Tiofent  explosion  takes  place ;  bot  if  the  sulphide  of  antimomr  ba  uixed 
between  thirty  and  fifty  times  its  weigbt  of  mercuric  oxide,  the  oxiaation  takei 

quietly.  The  mixture  is  heated  in  a  porcelain  crucible,  gently,  so  long  as  me> 
I  vapours  go  oS,  aAerwards  more  Btroogly,  and  at  last  very  strongly,  to  eniel  the 
races  of  mercniy.  Antomonate  of  antimony  tben  remains  in  tbs  fi»n)  of  a  soft 
I  powder.  As  mercuric  oxide,  even  when  prepared  with  the  greatest  care,  alwayl 
s  a  small  residue  when  ignited,  the  amount  of  thia  reaidne  must  be  detomined 
fbr  all,  and  the  praportioaate  amount  deducted  &om  the  weight  of  the  antimooale 
Cimony.     As,  however,  this  residna  never  exceeds  a  ftw  tbonaa&dths  of  the  wholly 


>t  necMBVy  to  weigh  the  oxide  of  mercury  with  great  exactnesL  In  this  pn>> 
it'il  mil  iiKiiiiji,  if  the  sulphide  of  antimony  contains  a  large  ezcaBS  of  free  folphur, 
DOVe  that  substance  by  washing  witb  bisulphide  of  earboo,  before  prooeeding  to  the 
ion;  because  ft«e  sulphur,  even  when  ignited  with  •  UtK«  exeesi  of  usRnnG 
^  produces  explosions  which  might  occasion  loss.  The  metood  just  dMCiibed  hit 
bdelyintrodi^edby  Bunsen(iLnn.  Ch.  PhiuTn.cTi  3).  It  is  quite  exact,  pravided 
ittention  be  paid  to  the  precautions  above  indicated. 

The  predpitated  sulphide  of  antimony  is  collected  on  a  weighed  filter,  dried  io 
1-bath,  at  about  120°  C,  and  then  weighed.  A  known  portion  of  it  ia  thai  eitbtf 
nposed  by  ignition  in  an  atmosphere  o  hydrogen,  whereby  the  sulphur  it  expdlad 
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with  hjdromlphitric  oritl ;  from  tlioap  of  the  flret  gmip,  whow  snlpbidea  an  iii>o1ab'< 
in  alkalin*  >alpliid«a,  it  is  sepanited  by  pivcipitdtiiig  with  hjdnmiJpharic  acid  aiv 
digesting  the  precipitate  in  solpbide  of  ummoniam.  The  mJpbide  of  uiUmonj  tlia 
diMolTe*,  the  other  metals  lemainiiig  nodiasolTpd ;  and  oa  mixing  the  flllfate  viti 
excen  of  hvdn>chloric  or  uetic  acid,  Uie  mliUde  of  antiiiioii]'  i>  repredpitatcd.  'Wbr 
hjdrochlonc  add  is  naed,  care  most  be  taken  tt>  keep  the  liquid  dilate  and  not  sDn  i 
to  set  hot,  ot-herwise  aome  of  the  antintooj  maj  be  lediMolTed. 

When  antimony  is  combined  irith  other  mrtali  in  the  form  of  an  aUoj,  it  nta^  nftf 
be  aepanted  bj  treating  the  alio;  with  modrmlelj  strong  nitcic  a«i<l,  which  duaoln 
the  otiier  metala.  leaTing  the  autimonj  in  the  form  of  antimmic  acid,  vhieh  maj  (hr 
be  Bonff  rtrd  into  antimooBte  of  antimonj  b;  ignition.  This  method,  hoverer,  a  m 
rigidly  exact,  because  the  nitric  add  diseolrea  a  nnall  portion  of  the  antimoaj ;  bat 
is  oeiir  enougb  for  commercial  pmposes.  It  is  of  course  not  applicable  to  the  aepan 
tioa  of  antimonj  ta>m  tin,  gol<£  er  platinum. 

The  sejantion  of  antimony  &om  fin  ma;  be  effected  b;  inunraaiiig  in  the  Kdntion 
piece  of  con  tin,  which  precipitates  the  antimoii;  in  the  form  of  a  blade  powder.  1 
tender  the  seponitian  complete,  a  gentle  heat  must  be  applied,  and  the  solntioD  olimil 
fODtain  an  exc«aa  of  add.  The  antimonj  is  eoUected  on  a  weighed  filter,  dried  at 
gentle  beat,  and  weighed.  If  the  sum  of  the  wei^te  of  the  two  metals  in  thcKdulii: 
la  preTionslf  known,  the  amount  of  tin  is  at  once  determined  b;  difference  i  if  not.  ll 
m^alamust  be  precipitated  together  by  xinc  from  a  known  qoanti^  of  the  s<^oti<m,  ai 
the  antimony  precipitated  b;  tin  from  another  portioa. — Another  method  of  affa-- 
tiongiTeab;LeTol(Ann.  Ch.  Fhja.  [3]  xiiL  125)  is,  to  precipitate  the  two  metals  t 
cintv  and  treat  the  precipitate  with  stmng  hydrochloric  acid,  withoat  preriootlj  deomtu 
"     solution  of  chloride  of  linc;     The  tjn  then  dissolrea,  while  the  antinxai;  rpcntii 


From  ttleniuni  and  tclittrium,  antmionjis  separated  in  the  i 

Axmunrr,  rbVOBXDB  or.  SbF*.— Obtained  bj  dissolTing  the  tdnxide 
brdntfluoric  acid.  It  fbnu  colooriess  crystals,  which  diaaolTe  completdy  in  wat 
without  decompoBitiOD. 

AMTIMOWT,  OUMS  OV.     See  AirmiOirT,  OxTsnuBim  or. 

AWTXMoar,  HnuMsa  or.  or  juvnMowxna  or  wmooMt 

generally  called  Antimomtlrd  or  Aniimonimrflted  \gdngm  SbH'.  — When  an  ant 
mony-compound,  tartar-cmetie  for  example,  is  introduced  into  an  apparatus  in  *hi< 
hydrogen  is  generated  by  the  action  of  idne  or  dilnts  Bnlphnric  add,  tbe  Same  pn 
doeed  by  tlie  combustion  of  the  gas  at  the  orif  ce  of  the  jet,  acqnirts  a  bluish  tio; 
from  admixture  of  antimonide  of  hydrogen.  This  compound  m»  b«  obtainod  in 
state  of  greater  purity  1^  diMolTing  an  alloy  of  2  pta.  i^  line  and  I  pt.  of  ontiDioc 
in  hydrochloric  or  dilute  Bulphuric  add.  It  is  alwayi,  howerer,  more  or  leas  an 
taminated  with  free  hydrogen. 

It  is  a  colouricsB  gaa,  and  when  free  from  aisenie,  qoile  inodoroiiB;  insoluble  i 
water  and  in  alkaline  liquids.  When  it  is  passed  into  hot  concentnted  nitric  add, 
white  powder  ii  deposited,  coanBting  of  aQtimonic  add.  When  passed  into  a  Kilntic 
of  nitrate  of  silyer  or  chloride  of  mercury,  it  forms  a  black  precipitate,  containing  t! 
whole  of  the  silyer  or  mercury.  The  Bflrer-predpitate  has  been  found  to  be  Sb.\i 
and  IB  formed  bji  airaple  Bubetitntion  of  dlyer  te  hydrogen.  Hence  the  antimoni' 
of  hydngen  is  inferred  to  be  ShH',  analogous  to  ammonia,  and  to  arsenide  and  pho 
phide  of  hydrogen,  AbH'  and  FH*. 

When  antimonide  of  hydrogen  is  passed  tlirough  a  tube  of  hard  glass  and  stnyof 
heated  W  (be  flame  of  a  lamp,  it  is  decompoaed,  and  ■  mirror  of  metallic  aatimenT 
depoiited  on  the  tube.  If  a  funnel  be  held  orer  the  fiame  of  th«  gis,  a  depoEi't  > 
trioiide  of  antimony  ia  formed  on  its  inner  surface.  A  cold  porcelain  dish  held  in  tl 
middle  of  the  flame,  bocomn  covered  with  spots  of  metallic  antimony,  which  are  darki 
in  colour  than  those  formed  in  a  similar  manner  by  arsenic,  and  are  fbrtbcr  di 
tinguished  from  the  latter  by  not  digsolTing  in  hypochlorite  of  sodinra.  The  antjmoi 
dmMMit  dissolves  oaaiJy  in  aqna-regia  and  in  perman^nate  of  potaasinm.  and  tl 
solution  thus  fbrmed  exhibita  the  characteristic  reactions  of  antunonr  with  bjdr 
nipharic  odd,  &c  (p.  31B}. 

There  are  serersl  componnis  of  antimony  with  alcohol-radicle*,  analogoua  ' 
antimonetted  hydrogen,  riz.  ttiblrimetAu!,  SbTCH')*,  ttibtruthi/l,  Sb(C*H*1',  and  Hi 
triamyl,  Sb<CH")'. 


AimMONTi  OXIDES. 

Te  fbnDcd  b;  tlic  naioD  of  tlie  ai 
fiued  with  eanitie  alkalk  or  their  cubonafaa  i*  tarn 
nnitct  with  the  •Uuti.  (Prtmj.) 
■ORT,  or  AntimouoBa-antinionie  oxide,  mnrti 
W. — Thii  oxide  in  found  lutiT*,  m  Omaniile  or  Jntim 
itaUifatioiii,  or  nuunTe,  Or  u  ■  cmt  or  povdcr.  I 
of  k  ^U7,  briffht  or  earthy  lustre,  and  epecifle  gn 
tt,  iDTTliKaDy  (Dana,  iii.  141).  The  Hme  oxide  ia 
t  opon  antimonic  oiide  (SbK)*),  hj  raaeting  the  liioxid 
pnJvensed  antimony  with  eiwee  of  nitric  acid.  Aa 
laible.  and  unaltrtable  by  heat;  slightly  aolnble  in  w 
iric  edd.  It  ia  easily  rewlTed  Into  anbmoDioiu  and  i 
;  it  with  add  tartrate  of  potaaainm  (cteam  of  tartv)  i 
id  antimoDic  oxide  ia  left  behind ;  and  when  h  aolution  o: 
■dd  ia  gradimlly  dropped  into  a  Urge  qoiotitj  Of  wat- 
I  oxide  i«  flnt  [Toduced,  while  antimonic  add  tenuii 
■imilar  leactiona,  it  has  t>een  iof^ned  that  the  tetroxidf 
I  and  pentoiide,  or  an  uitiiiieiiate  of  antimony  (SbK 
B  other  band,  it  ia  eometimei  regarded  aa  a  diitiDrC  ir. 
kalia,  forming  salts  (often  called  anlivuniila\  which 
Mb.  By  fiuuig  the  tftroiiiie  with  hydiute  or  earbonai 
h  cold  water,  treating  the  r«ndae  with  boiling  w>l«r. 


.  salt,  KK).2Sb'0*  ia  ^redpiuted.  By  treating^  the  i 
anti^  of  add.  a  precipitate  ia  fomed,  consisting  of 
b*0'.     It  is,  howerer,  more  in  acoordance  with  the  reac 

[Cm  (conlsiniog  Sb'O')  with  antimonites  (containing  SV 
maybe  regarded  oa  (KUSbK)*)  +  {K'O.SbW},  orKf 

lates  of  the  earth-metali  and  heavy  inetala  are  ioaohtb 


.  mixed  with  clay  and  hydnled  Braqnioxide  of  tton.  ii 


KTiHoHic  Acid.  —  This  compound  is  obtaiiied  &»  a  hyd 
ly  with  nitric  acid,  or  with  aqua  re^a  contaijujif;  exei 
dilating  a  solution  of  antimsnate  of  potassium  with  an 
itachloride  of  antimony  with  water. 


e  body  is  obtained  by  heating  pulrerised  antimony 
«■  antJmonale  of  marcnry  at  first  produced  is  deeom] 
!D  off     It  is  tssteleaa,  inaoluble  in  vatec  and  in  acida, 


'  adds  obtained  by  the  three  methoda  ahore  given,  are  1 
btained  by  the  flret  and  second  method  is  monobasic,  ai 
itainiSb'0'.H'OorSbHO';  aceordingtoFrimy.Sh'O'.S 
]  at  mean  temperature ;  but  the  add  obtained  by  lli«  ar), 
(  phoapbonu  IB  dibaaic^  and  contains^  according  to  Fri 
Bsic  acid  is  called  Antiinonic  acid ;  the  dibadc  acii),  Mn 


1,  by  strong  hydrochloric  avid  and  hj  potash-ley.    The  1^ 
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._    ..  te  of  leid,  kaown  bj  the  name  of  Sofia  Yellovi,  u  ntuJi  ucd  n 

(ul-poiatrng.  It  ii  obtained  of  the  finest  colour  b;  miimg  3  pta.  of  cb^micaUj  pun 
Dib&te  of  lead  with  I  pt.  of  the  pnrest  tarUi^emetij:  vaA  i  pt«.  of  eommon  Mlt  puri- 
fied bj  repeated  crjatallisatioii,  exposing  the  mixture  for  tvo  boors  to  a  heat  jnrt 

"  ieat  to  ftiM  thp  ciUoride  of  aodinm,  and  dinolring  ont  the  chlorida  of  midjan 
water;  if  the  temperature  hu  not  been  allowed  to  rUe  too  high,  tlie  RaplM 


jellow  is  then  obtained  in  thp  form  of  a  fine  powder.  —  The  aaroe  pigtoent  i*  Ukewisa 
•btained,  but  genenllj  of  a  Ins  briliianl  colour,  bj  fOaing  equal  ^ita  of  aotiniDD^ 
and  lead  with  3  pta.  of  nitre  and  6  pta.  of  common  MUt 

Another  baaic  antimonata  of  lead.  SVVOJStfQ*  +  4H*0,  ocean  Batiw  at  Keita- 
chinsk  in  Siberia,  forming  the  miDeral  BUmierite.  It  il  amorphana,  renifhnn,  ipbe- 
Kndal ;  also  earthy  or  incnuting ;  sometLmoi  witli  curred  lamellar  (trnotuie.  ipiaSe 

Srit7  a-9S3  (Eariten);  4-fl— 176  (Hermann).  Loatre  rednona,  dnil,  or  eaitlij. 
onr  grej,  brownish,  or  yellowiih.  Opaqne.  Streak,  grejiah  or  yellowiah.  It  ia 
perhaps  a  mechanical  mixtore  of  lead  and  antimonj  ochres,  and  ajmeaia  to  reanlt  troa 
the  deeompoaition  of  other  ores  of  antimony.    (Hermann,  J.  pr.  Chem.  zzxiv.  ITS.) 

Anlinonatt  of  Lithium,  — Obtained  by  mixing  a  coneentnted  aolQtion  of 
chloride  of  lithium  with  aatimonate  of  potaasinm.  in  flocks  which  soon  beoome  aj»- 
talline.  It  diaaolTea  easily  in  bot  water,  and  sepamtea  in  graina  on  cooling.  In 
dilute  solutions,  no  precipitate  is  obtained. 

AntinimaU  of  liagniMium,  Uil^O.Sb'O' +  I!H*0.  —  Separates  by  doable 
decompositiaa  from  boiling  Kilatioaa,  in  colonrlen  ibiniDg  hard  eryitala,  which  u« 
inomorphooa  with  the  corresponding  cobalt-salt,  gWe  off  8  per  cent,  water  at  IfW  C, 
10  per  cent,  at  200°,  and  11  percent  at  300°.    (Beffter.) 

Anlimonalt  of  Ifanganeat.  —  Wbite,  altered  by  expoiore  to  the  air,  sparingly 
soluble  in  water,  somewhat  more  lolnble  in  eican  of  the  mangaoon*  salt  At  a  led 
heat,  it  becomes  nnattackable  by  acids,  but  does  not  glow. 

MtTcuric  Antinonate,  Hg"O.Sb'0>,  or  Hg"(SbO')",  is  obtained  by  double  de- 
composition  as  an  orange-yellow  precipitate.  There  is  also  an  olira-grMa  marcnrie 
antimonate  obtained  by  beating  to  low  redness  a  mixtura  of  1  pt,  powdered  antiinotiT, 
and  8  or  8  Cta.  mercuric  oxide.  At  ■  Btronzer  heat,  this  salt  eitcs  off  o^gen  and 
mercoiT.  and  leaTM  antimooic  oxide.  It  ia  bnt  little  attacked  by  adda ;  bnt  boiliiig 
hydrochloric  acid  dissolves  a  small  goantity  of  it,  and  ammonia  added  to  the  solntioo 
throws  down  a  light  green  powder. 

Antimonatt  of  Sickel. — Sulphate  of  nickel  mixed  willi  a  binling  solnlioii  of  anti- 
monate of  potaaaium,  immediately  forms  a  liebt  green  flooculent  precipitate  oontaining 
Ni''0.Sb'O*4^  BHK),  and  the  mother-liquor,  alter  a  tew  days,  yields  ccyatal*  of  dails 
colours  isomoiphous  with  the  magueaium-BBlt  and  analogoiiB  to  it  in  constitation. 

Antimonatet  of  Potosiium.— The  neutral  salt,  K'O.Sb'O'  +  iiHH).  ia  obtained 
by  fusing  1  pt.  of  antimony  with  4  pta.  of  nitre,  digesting  the  fused  mi«s  in  tepid 
water  *iO  remore  nitnte  and  nitrite  of  potassium,  and  boiling  the  residue  tbr  an  hour 
or  two  with  water.  The  white  insoluble  mass  ot  anhydrous  atitimoiiate  ia  thereby 
transformed  into  a  hydrate  containing  5  at  water,  which  is  soluble.  The  solution, 
when  eraporated,  leaves  this  hydrate  in  tbe  form  of  a  gummy  uncrystatliaable  maa^ 
which  gives  off  2  at  of  water  at  160°  C,  and  the  whole  at  a  higher  temperatui*'. 
According  to  Hefller  tbe  anhydrons  nealial  antimonate  is  partly  dccoraposBd  by  pro- 
longed  boiling  with  water,  an  acid  salt  2K*0,Sb*0*  remaining  undissolred,  and  tbe 
liquid  filtered  therefrom  yielding  by  evaporation  the  neutral  salt  with  7  at.  wato': 
K'O.Sb'O*  +  7H^. 

A'-id  Antimonate  oj  Fotiuiiuni  is  obtained  by  passing  carbonio  scid  gas  through  a 
solution  of  the  nenttsl  antimonate.  It  is  whit«>  crystalline,  perfectly  insoluble  ii 
water,  and  is  coBTcrted  into  the  neutral  salt  when  heated  with  excess  of  potash.  This 
salt  is  the  antimonium  diaphoretumm  lavatum  at  the  pbarmacopoiaa.  (f  r£my.) 
According  to  Hefter,  tbo  salt  thus  obtained  is  2K'0.3Sb'0'  +  lOH^. 

Xeiitral  StetantimonaU of  Potasiium  ia  prepirei}>y  ftasioB;  antlmoDie  Oxide  or  neotia] 
Bulimonate  of  potassium  with  a  Isige  eicess  of  potash.  The  hsed  maas  disaohre  in  a 
small  quantitf  of  wst^r,  and  the  solution  evaporated  in  vacuo  yields  OTstala  of  the 
neutral  metontimonate.  This  salt  dissolvM  fi«ely  and  without  decomposition  to  wim 
water  containing  exoeaa  of  potash ;  bnt  cold  water  or  alcohol  decomposes  it  into  potMh 
and  tbe  acid  matontimOQata.  Hence  the  aqneooa  solution  of  this  salt  givM  a  [n- 
cipitate.  after  a  while,  with  salts  of  soda.    (Frimy.) 

Add  MetantimonaU  of  Petattium,  K*O.Sb>0**  THK),  somedmM  called  gtwMUr 
mtimonalg  o/ pofoMium.— This  salt  is  used  ss  a  teat  for  soda.  Toobtani  it,  ihs 
Deulral  antimonate  is  first  prepared  and  dissolvrd  in  the  manner  above  dcambed;  ihr 
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2SbCl*.fiSbK)' ;  aovrdiiig  to  JohDiton,  4Sba'.9abK)' ;  sceordiue  to  SebDaidrr, 
SSbOCl.Sb'0';  according  to  PeliEOt,  the  predpilate  formBd  in  ibr  cold  i«  HO". 
SWC,  M  SbO.Cl,  (cUondo  of  antimonjl),  and  aStx  it  hu  beoonie  ciyit«lliii«  hj 
henting,  SSbCl'.fiSb'O'.  Continned  wubing  with  water  rsmorea  more  ai>d  moM  it 
the  chloride,  nltinialelj  lesTi^  nearl;  para  intimoDiooi  oxide ;  ■JkBlioe-water  tbhotm 
the  whole  of  the  chloride.  The  oiyc&loride  ia  aiaa  decoropiiaed  by  heat,  the  chlond* 
being  TOlatilised  and  oxide  remniiiing. 

Antimooiana  oii'de  dissolves  in  about  15  times  its  weight  of  the  boiling  biehlondi^ 
and  the  lolntion  on  cooling  solidifles  into  ■  pearly  grev,  perfectly  oyMsUiiie  nuo, 
apparently  consisting  of  Sb'OCl'.BSbCl*,  anali^iu  to  the  snlphochloride  fermed  in 
like  manner  (p.  338).  It  is  decomposed  by  sbsolate  alcohol,  wilii  sepmtkm  of  poWet 
of  algaiotL     (Bchneider,  Fogg.  *""  cviii.  407.) 

AtrrXMOWr,  OXTZasmx  or.  Antimonioas  iodide  is  decomposed  by  wst<^ 
yielding  a  white  precipitate,  which  appears  to  be  aoalogoos  in  eompontion  to  lim 
oxychloride.  An  oxyiodide,  2SbI*.SSb'0*,  is  likewiae  obtained  in  gold-coloiued 
apaogles  resembling  iodide  of  lead,  b;  adding  iodine  to  a  aalntion  of  tartar-emetic,  or 
hj  treating  the  trichloride  of  antimony  with  sololjon  of  iodide  of  potassiom,  eraporat- 
ing  Ijie  Bolation.  traating  the  residoe  with  water,  aod  repeating  these  operatiou 
•ereral  times.  It  is  decomposed  by  heat.  Hydrochloric  acid  dinsolTeB  it,  with  sep^- 
ration  of  iodioe.  It  is  slightly  solnble  in  lartaria  acid  and  cream  of  tartar.  Mitiit 
acid  deccaupcaasn  it,  separating  oxide  of  antimony.  (Freuss,  Pharm.  Centr.  183!f, 
p.  311.) 

AarTIWOWr.OXTSinVMXDaor.  TheeomponnaSbHl'.^Sb^oeniisDatt** 
as  Red  antimony,  Antitneny  Umde,  Kermaome,  BoHujpiingUmteri,  in  needles  or  tujta 
of  capillary  cryatala  belonging  to  the  monodinic  system:  ^peeifie  gravity  —  ASloi-^ 
Hardness  ^  1  to  \-6.  It  hus  a  cheny-red  eolonr  and  iCdamantiDe  lustre,  gim  a 
brownish-red  streak,  and  is  slightly  tranalncent,  appearing  scarlet  by  trans mitt*^  light. 
Melta  veij  readily  before  the  blowpipe,  sinking  into  the  porM  of  the  charcoal,  nod 
Tolatilising  in  dense  clouds.  Ignited  in  a  current  of  hydrogsn,  it  yields  hydn»nl|j>une 
acid,  water,  and  metallic  antimony  (H.  Boae,  Pogg,  Ann.  iii.  *52).  It  contains  Ti'S  ta 
747  8b,  fi'SS  to  4*7  0.  and  20'S  S.  Occurs  in  veins  in  quarts,  accompanying  grey  and 
white  antimony,  at  Malaczka  near  Posing  in  Huogan,  at  Braonsdorf  near  Freibrrg 
and  at  Allemont  in  Danphiny.  It  appeani  to  result  from  alleratiou  of  grey  uilimoDj 
ore.  A  similar  compound,  but  of  an  orange-red  colour  and  containing  only  \T-1t  pei 
cent  salphur.  eablimea  vhen  aqueous  n^ur  is  paaaed  over  the  ignited  tzisolphida 
(Regnault.) 

Vurions  oiysulphides  of  antimony  may  be  prepared  artiflrially.  They  vrere  fbnnerfy 
mncb  need  in  pharmacy  for  the  preparation  of  tartar-emetic^  but  ore  now  nearly  obso- 
leti".  a.  Antiiiumial  crociu  or  Moffrtm  (_Cractis  anlimenii,  g,  mtiailorun)  is  a  bnnmiah- 
yellow  substance,  prepared  by  Aisins  a  mixtura  of  3  pts.  of  the  trioiide  and  1  pt-  tri- 
sulphide  of  antimony,  or  an  oxide  of  antimony  with  the  proper  proportion  of  sniphor. 
A  similar  compound,  mixed  however  witb  variable  qnantitiea  of  anttmonite  of  potaMioDi, 
ia  obtained  by  treating  the  trisulphide  with  caustic  alkalis  (p.  332).  0.  Glasr  o/anti- 
nony  (  Vitrum  antimanii)  ia  an  oxysolphide  prepared  by  roasting  the  grey  anlphide  at  a 
moderate  heat,  till  it  is  converted  into  the  telroiide,  and  fusing  t^  antmoHii  osA  in 
an  earthen  crucible,  with  about  ^  of  its  weight  of  sulphur.  It  is  a  brilliant  nb- 
atance,  varying  in  colour  &om  ydiowiah-red  to  hyacinth-red.  according  to  tlie  propor- 
tions used.  It  gives  an  its  oxide  to  adds,  and  evolvei  aulphnrelled  hydrogen  wh«n 
treated  with  hot  hydrochloric  acid.  y.  A  compound  of  trianlphide  of  antimony  with  a 
very  small  portion  of  oxide,  called  Begtdat  antiiaonii  mtdicinatu  or  Ruhiniu  antiminiii, 
U  obt^ed  by  ^ing  6  pts.  of  the  grey  sulphide  with  1  pt  of  pearl-osli,  and  se^s- 
rating  the  upper  stratum  (consisting  of  sulphantimonite  of  potassium)  ftom  tlia  lower. 
It  is  a  black  mass,  having  a  brilliant  concboidal  ftaoture,  and  yielding  a  dark  grry 

According  to  Liebig,  mineral  kermea  prepared  bj  the  action  of  alkaline  carbonatas 
on  the  amorphous  trisulphide,  is  a  definite  oxyanlphide  of  antimony  (see  p.  328) ;  bet 
fcermea  obtained  by  most  other  modes  of  preparation,  appears  to  contain  the  oxide 
merely  in  a  state  of  mixture  with  the  anlphide. 

AJfTlMOWT,  »MTiPWll>M  07tt  Antimony  and  aeleninm  nnite  whod  hMtod 
together,  to  a  lead-grey  crystalline  mass,  the  combination  being  attoided  with  liaa 
of  temperature,  often  amounting  to  ignition.  The  same  compound  is  (brmed'by  p»> 
cipitating  a  aolntion  of  tartar-emetic  wiUi  seleniuretted  hydrogen  ;  hence  ila  fennnl* 
is  probably  tJb'Se'.  Selenide  of  antimony  is  easily  fusible,  and  oxidises  when  heated 
in  the  air,  giving  off  eelenions  add.  Heated  with  trioxida  of  antimony,  out  of  oontsd 
with  fbo  air,  it  melts  into  a  mass  resembling  the  fused  sidphide. 
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Hydnb>d'triialptudeof  antJmoiijwhendnliuftfiDedariEoisiiga-eolonr.   Itginaiff 
mter  when  modentelj  heated,  but  to  dcbjonte  it  comfletelj,  TeqniTM  ~  '  ' 

of  200°  C  it  theo  tama  black.    At  higher  tcmperatDiea,  it  melta  and  h 
aystaUins  fbna  <a 

Tarietj  mere];  acting  less  ^nieU;  on  aeeount  of  ita  closer  aUte  of  aggrcgatioD.— 
1.  ThedrrainoiphouiB(tl[ihidetoilcl]edviUiand-hot  bodjlianisavariji  tha  or  vitt 
a  dinuDerinf;  light,  produciiig  ralphmoui  anhjdride,  mitimcniicnu  oxide,  and  anthnnnit 
i^ide ;  the  grvj  anlphide  heated  abore  ita  msltiiig  point,  bomi  with  a  blue  flaunt 
yielding  the  ume  [iiidncta.^2.  The  receatJy  precipilateJ  amorpbona  Bolphidc  ii  de' 
ccmpoaed  by  boiling  for  aome  time  wili  ■  large  quajititj  of  tcaler,  jielding  hydro- 
Bolpaiiric  add  and  antimonioni  oxide,  vhicb  diualre.  Vapom'  of  nter  poMed  arrr 
red-hot  sulphide  of  aatimoiij  likewiae  yielda  hydnMnlpharic  add  and  uitunoiuiiii 
oxide,  the  latter  combtuing  with  undecompMed  anlphid^  and  an  omngfrjelloir  body 
mbliminj 
■  3.  CU 
brichloride  of  intiniony  ai  .  ,  . 

or  boiled  with  the  itroog  agneona  add,  it  giv«s  off  hjdrosalplinric  add,  and  fonni 
trichloride  of  antimony,  which  in  the  latter  cue  diaaolTea  in  the  excfs*  of  odd. — 
fi.  With  ttrong  tulphuHe  acitf.  it  yielda  snlphnroiia  anhydride  and  antimonioiu  anlphaUv 
the  anlpbor  bemg  aepanled  aa  a  compact  maaa.  ~  6.  With  strong  nilw  acid,  it  fonaa 
antimoniona  oxide  and  solphuric  add,  part  of  the  anlphnr,  howerer,  being  set  ^ete  anil 
temaining  mixed  with  the  oxide. — 7.  Ajua-rtyia  containing  excees  of  hydrochlnric 
add  disaolrea  the  triaulphide,  forming  trichloride  of  antimony  and  mlphsric  arid, 
and  leaTing  a  teeidne  of  aulphoi'  often  mixed  with  a  little  antimonie  add-  —  8.  The 
triaulphide  ignited  wiUi  mtrate  of  pelauium  or  fwliiim,  it  lioleutly  oxidiHd,  beiiiR 
completely  converted  into  sulphuric  and  anlinionic  adds,  if  IT  pta.  or  more  of  oilie 
are  used  to  10  of  aatimony ;  with  Icea  nitre,  a  compound  of  sulphide  of  potaasium. 
anlphide  of  antimony  and  antimonie  oxide  is  likewiae  formed. — 9.  Uany  m«Ca!a,  <.  a. 
iron,  potaaaivm,  and  sodium  (or  a  mixture  of  carbonate  of  potasdum  or  sodiom  with 
charcoal),  decompose  anlphide  of  antimony  at  a  red  heat,  the  tcauI  ting  metallic  sulphide 
Bometimes  uniting  with  undecomposed  sulphide  of  antimonv;  if.  on  the  other  hand,  tha 
reducing  metal  ia  in  excesa,  it  aometimea  forma  an  alloy  with  tie  reduced  aBtimotry. 

1 0.  The  ficed  anuUc  alAalu  decompose  trisolphide  of  antimony  in  the  same  manner 
in  the  wet  and  in  die  d^  way,  foiming  bioziaa  of  antimony  and  a  «tilpbide  of  the 

SbTS"  +  SKK)  -  SH?S  +  SbW, 
but  die  final  pradncta  of  the  action  Taiy  aceotding  to  Uie  ttate  of  aggrtgation  of  tlu 
antimoDioua  anlphide,  the  temp«r»tiire  to  which  the  mixture  ia  entoaed,  aad  the  po- 
porldona  of  the  two  anbatances  present,  a.  Wben  amoipboua  lulphide  tif  antimony, 
prepared  in  the  wet  way,  ia  tritiuated  with  cold  potaah-ley,  it  diaaolveB  evmjiiebif  ns 
to  a  certain  point,  the  sulphide  of  potassinm  formed  aa  abore,  taking  up  undaoompoaM 
Bulphide  of  antiinony,  and  the  antimoniona  oiida  dissolving  in  the  potMh.  Tbi* 
•olution  contains  snlphantimonite  and  antimonite  of  potassium.  When  treated  with 
adds,  it  yields  a  piedpitate  of  antimonions  sulphide,  without  evolntioii  of  sulphiiivtted 
hydiogen,  becaose  the  quanti^  of  that  compouDd  «Totved  by  the  decompooitJiOD  of  tin 


length  reached,  at  which  the  alkaline  liquid  oannot  take  np  ai^  more  antimonite  rf 
potassinm,  and  any  further  quantity  of  antimonioiia  oxide  tl^  formed  remsiiiiB  itndia- 

solved,  partly  combined  with  potaah,  partly  with  antimonious  sulphide,  tbmiiiig  the 
mixture  called  crocui  anHnumii  (S2B).  The  inemimleU  aolntion  thna  fonned  contain), 
however,  a  larger  proportion  of  sulphide  of  potaasinm  than  the  imnplete  eolation,  tb* 
excesa  being  proportional  to  tbe  quantity  of  oxide  left  ondiasolved.  This  excras  of 
■ulphide  of  potaaaiiun  takes  np  an  additional  quantity  of  sulphide  of  antimonj.  and 
the  solution  treated  with  adds,  evolves  eolphnretted  hydrogen,  beaidce  giving  a  pi^ 
dpitato  of  antimonious  sulphide.  The  eomplrlt  aolntion  mixed  with  carbonate-  of 
ammoniom,  or  with  add  carbonate  of  potawium  or  sodium,  yielda  a  dirty  brown  pre- 
cipitate conaisling  of  3  at  antimonious  sulphide  with  I  at.  sulphide  of  potasuuca  or 
eodioni,  a  portion  of  the  alkaline  sulphide  aJno  remaining  in  the  liqaid.  The  gniitir 
part  of  the  alkaline  antimoaite  ia  likrwiae  predpitat^  because  the  canttie  alkuli 
which  held  it  in  aolntion  L  \       .       .       ~.  ... 


,  partly  caused  by  its  affinity  for  the  sulphide 
antimony  previously  thrown  down  in  combination  with  the  alkalJ-melaL  Tbi 
tm^leU  solution  ia  decomposed  in  like  maimer,  but  Uie  predpitale  containa  a 


334  ANTIMONY:   SULPHANTIMONITES. 

Kennet  prepared  in  this  manDor,  ooDlaiiu,  under  ill  dmmwlaneM,  ■  toltnUi 
constant  qoantitj  of  Batimoaiom  oxide,  becanse,  irlieD  allmline  axbooalxt  *it  a»ti 
the  portioB  of  nUphide  of  antimony  attacked  b;  thorn  pawe*  conrpleUly  into  th«  tohuiriL 
without  laaring  any  rMidae,  and  mnsaqnentlvthe  pntire  qn  an  tit j  of  the  jmidncti  thm 
formed  ii  likeviw  contained  in  the  tiqmd.  (Liebig,  Haudwort.  d.  Cbem.  2^.  Aiifl.  ii 
12S— 130.} 

12.  Bj  isnition  with  baryta,  itroMia,  line,  and  other  oxitUt.  antimonioiu  ralidudf  h 
decomposed  in  the  nine  maaner  m  b;  caoitie  and  carbaoaled  alkalii :  the  pradnni 
■n  inaolnble  in  water,  and  eoniUt  of  mixtnree  of  metallic  aniphaiittnioiiit^  with  u 
oiTnilphide  of  antiiiioDj. 

SuLPHAvnifoirrrBB.  —  ^isolphide  of  antdmonj  ia  a  ■olphm^acid,  nm'tfTig  witli  bvu 
metallic  nilphidea.  Some  of  theae  oompmmdi,  eontawiiig  the  ndphidca  of  the  heai] 
metal*,  are  natnnl  minetali,  rii. : 

Zinkenite FbS .    SbV 

Miugyrite    .......      A^ .    Sb9 

Antimonial  "-uiTT  rlilffl     ....      Gil's  .    Bi^» 

Flaf^nite    .......      iPbS  .  SBtiV 

Jameeonits BFbS  .  SSbV 

Fealher-ors 3Pb8  .    8b^ 


Prargjiite 8Ag«  .    "^JB* 

BouBonite  ....    3(Ca>aSb9}  +  IPbS.SSb^^ 

'•"- -O-G^ 

Stephanite eAg'S.    Shis' 

^'"^ 'W)^(SS) 

Bertiuente gPeS .  2SbV 

Variety  of  Bothierite^  fton  Aafflar      .        .       FeS .    aVS* 

Tane^ofBerthierile,&omHartaiet   .        .      SFoS .  4Sb'9* 

In  these  fbrmnlD,  the  elemeste  whose  lymboli  aie  written  one  abore  ths  oths, 

Nplace  one  another  iaomorphonalj.     [For  description,  s«a  the  namsi  of  tho  acraaJ 

The  most  importaat  of  the  artiflcally  piepared  snlphantimonitee  are  those  whif  I] 
eontaie  the  protoanlphideaof  thealkali-metala:  theyarecalledLiTeraof  Antimouj 
(Hejiar  Anlimonii),  They  an  obtained,  mixed  with  oiide  in  variona  proportioiu.  bi 
foaing  the  triinlphide  of  aotimany  with  alkaline  carbonates,  or  metallic  antinumy  vilb 
sulphate  of  potasainm ;  and  free  &om  oxide,  by  melting  mlphide  of  antimony  with 
alkaline  solpbatsi  and  charcoal,  oi  with  alkaline  carbonates,  sniphor  and  charciM],  oi 
af;ain  by  melting  anlphantimonate  of  aodinm  with  metallic  antinony. 

These  alkaHne  anlpbantimonitea,  or  liven  of  antimony,  are  easily  fbaibte,  and  deli- 
quescent or  unalterable  in  the  air,  accordiDg  to  the  proportion  of  the  alkaline  snlpfaidf 
and  the  antimonions  snlphide  contained  in  them.  They  are  more  or  less  aolable  in 
water,  when  the  ratio  of  the  antimonions  sulphide  to  the  alkaline  inlphide  ii  Ins 
thao  2:1;  insolable,  when  it  ia  greater. 

In  the  fiued  stale,  they  are  black  or  black-brown  and  erystaltine.     Their  lolBtiaD 


boiled  with  pulreriacd  antimoaioiu  sulphides,  diaaolre  an  additiooal  quantity  of  it. 
which  OD  cooling  ia  deposited  as  a  flocculent  precipitate  containing  also  the  alkaline 
Bulphide.  Acids  added  to  the  solutions  throw  down  the  amorphous  sulphide;  so  like- 
wise don  csrbonate  of  ammoninm.  Alkaline  bicarbonatee  immediately  throw  down 
■olphantimonite  of  potaaaium  or  sodium;  the  Bolution  mixed  with  an  slkaliDP  mono- 
caibonata,  remaina  dear  at  first,  bnt  solidifies  after  a  while  to  a  tremulous  jeDy  on- 
taining  the  same  compound.  The  same  effect  is  produced  when  the  aqneoas  sdntim 
of  a  lirer  of  antimonv  u  diluted  with  a  laige  quantity  of  cold  water.  The  sohitios  st 
a  lirei  of  antimony  uianges  very  quickly  ^en  exposed  to  the  air,  a  snlphautijiioaatf 
being  formed  in  solution,  and  a  pmtion  of  the  triiulphide  of  antimony  being  sqiBnled 
in  brawn  metallic  films  or  as  a  powder. 

FBRiAscLnina  or  Aktiwomt;  AxmoNTc  Sulfktdi  ;  AHSTDBoca  Scirsut- 
mioaic  Acid. — Ptrmiphidt  o/ Antimony  ;  GcJiUji  3tdpiiirrt  of  Antimony;  StilpkB 
Antimonii  aurofum,  Sb'S*,  or  Sb^. — This  compoond  ia  not  found  natiTe.  It  ia  prt- 
pared:  1.  By  passing  sulphuretted  hydrogen  through  a  mixture  of  the  pentaiidortHi 
with  water  and  tartaric  acid,  or  through  antimonic  oxide  suspended  in  water. — 2.  By 
decomposing  the  solution  of  the  aulphanlimonate  of  an  alkali-metal  with  an  add.  tlir 
Bodinm-salt,  for  example,  whereby  the  aulphide  of  sodium  is   decomposed,  a  nit 
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wntlT  predpiUted  promlphidc  of  antimony  in  lalphide  of  btrinni.  aad  tut^tf  ti 
•olatiOD  with  tlcahol,  in  ilelkite  needles,  which,  wlion  eipoaM]  to  tha  >ir,  do  si 
daliqncsce,  but  become  corered  with  ■  brawn  kerma-oolonrrd  Sim, 

Sulpiantimonatt  of  Br'tmuth  ii  obUined  by  precipitation,  bat  i<  oat  »ll 
obtained  bee  from  exceweitbar  of  pentuulphide  of  antimony  or  of  lalpbide  of  bismab 

Bulpkatilimonatt  0/  Cadmiunt. — Light  oraoge-raloum]  prrdpitale  obtaioedl 
dropping  a  neutral  cadminm-ult  into  a  folntioD  of*ulpbaatim'>nate  of  aodinm. 

SulpkanltBionatt  of  Calcium.  Salpioitibiofcaieietit,  CA'Stf^.—Pmiar' 
like  the  barinm-ult,  but  catiaot  be  crratalliMd.  A  mixture  of  thir  cmnponiul  m 
txeeas  of  lime  and  laE&oii  of  ■nlimony,  constitstee  the  pharmaceutiml  prrparA:'. 
known  aa  Calx  antimonii  cum  lalphure  Hoffmanni,  Sulphur^uni  itihii  cam  ealcr,  ■ 
Calcaria  lulpiuraca  ttibiata.  diworered  by  Hoffmann  in  the  elEbtAentfa  centufj. 


.  .  ,         . .  .  ih-yelloi  , 

.    .  a  ihup  ralphnions  taste,  ameUa  of  enlphuretted  hydrogen  when  exposed  t 
air,  and  ia  but  partially  soluble  in  water.    The  lolatioD  is  ooloarleu,  and  etntaii 
■nlphantimonate  itf  calanm. 

Sulphaniimonaft  0/  Cobalt,  obtained  by  pmeipitation,  is  blade,  oxidiM*  in  ti 
air,  and  is  decompoaed  t^  boiling  hydroehlarie  add. 

SulphanlimonaU  of  Coppir.  Cn*Sb*B>.-- Obtained  by  dropping  a  aolntioa  t 
cnpric  acetate  or  nilphate  into  a  eolation  of  mlphantimanale  of  vodium.  The  Kilnciin 
most  be  rather  dilate ;  the  copper-solntion  mnit  be  dropped  in  skiwlj  and  with  rspi 
itirring ;  and  theprecipitate  then  heated,  together  with  the  liquid,  with  hriak  nirnn 
'i  the  while.  Witfaont  these  preeantioiis,  each  drop  of  the  oopper«olntion.  ai 
itan,  becomes  enveloped  by  the  precipitate;  and  if  the  precipitate  be  thrown  on  th 


all  the  while.  Witfaont  these  preeantioiis,  each  drop  of  the  oopper«olnt 
catan,  becomes  enveloped  by  the  precipitate;  and  if  the  precipitate  be  throi 
filter  in  this  state,  the  solntion  of  snlphantimonate  of  sodinm  runs  away  first,  and 
the  acetttte  of  copper  and  solphantimonate  of  copper  decompose  each  other,  scetie  n^i 
or  Bulphoric  acid  being  set  &ee,  which  then  acta  npon  the  solphantimonate  of  eodioi 
still  remaining  in  the  precipitate,  setting  free  psntasnlphide  fflT  Bntimany  and  hyAn 
mlphuric  Bci<L  In  this  manner,  the  precipitate  becomes  contaminated  with  ptoilain.! 
phide  of  antimony  and  snlpbido  of  copper, — Sulphantiroonata  of  copper,  wheu  pur*',  1 
a  dark  brown  precipitate,  which  when  heated  ^Tes  off'  sulphor,  and  leave*  a  mi'lu 
apparently  conaiatitiE  of  cnprous  snlphantimomte  (Sb^  with  Cn'S).  Boiling  poti> 
decomposes  the  snlphantimonate,  separating  solphide  of  copper  and  diasolving  frata 
solphide  of  antimony,  which  is  at  the  saioe  time  paitiall;  coorcrted  into  antiuiuin 

If  sulphantimonato  of  sodinm  be  added  to  excess  of  cnpric  snlphat^  and  tJie  prv 
^pitate  boiled  for  some  time  with  the  liquid,  a  product  ia  obtaiiwd  conluninB  16  si 
copper,  S  at  sulphor,  2  at.  antimony,  and  6  at.  oxygen,  and  the  [liquid  exhibits 
■tnmg  add  reaction : 

SNa'aSb'S*  +  BCo"SO'  +  6HK)  -  {aOvTB  +  SbK)-)  t  SHa'SO'  *  BH^O*. 

The  precipitatethnaformed,may,aB  already  observed  (see  above),  be  ettlterSCu'S.Sb'S 
+  SCVO,  or  SCu'3  +  8bH)*.  On  boiling  it  with  potash-ley,  snlpfaidf  of  coppe 
remains  behind,  and  s  eolation  of  sntimonate  of  patasBium  is  formed,  which  gives  witi 
■dda  a  white  precipitate  of  antimonic  scid.  '  On  the  other  band,  the  precipitate,  wbei 
quickly  and  strongly  heated  in  close  vessels,  gives  off'  a  large  quantitj'  of  solpbDrau 
•nbydride,  but  no  sulphnr,  and  the  reaidue  coDtains  sulphide  of  copper  and  peniaiul 
phide  of  antimony.  Moreover  the  same  products  are  obtained  by  igniting  a  mixtar 
of  8  al  pore  sulphide  of  copper,  and  1  at,  pure  actimonic  oiide,  or  of  1  at.  sulphantino 
date  of  copper  and  6  at.  cupric  oxide.  So  far  then  it  is  impossible  to  decide  upon  th< 
eonatitntioa  of  the  precipitate  obtained  in  the  manner  just  described.  But  wh« 
■nlphaisensta  of  potassium  is  dropt  inlfi  excess  of  cupric  imlphita,  and  the  mixtun 
boiled,  a  precipitate  is  obtained  consisting  of  pure  solphide  of  copper,  the  whnia  if 
the  arsenic  reoiaining  dissolved  as  anecdc  acid.  Hence,  from  the  analog  of  thi 
arsenic  and  antimony  compounds,  it  is  probable  that  the  antimony  precipitate  abofe< 
mentioned  is  a  mixture  of  solphide  of  copper  and  sntimonic  oxide. 

SulphaniimonaU  of  /ron.— Ferrous  enlphate  dmpt  into  solphantimonalo  n 
Bodiom  forms  a  black  precipitate,  which  qnickly  turns  reddish -yellow.  The  sodiam-u]i 
fbnnswith  ammonio-ferric  sulphate,  so  long  as  the  latter  is  in  excess,  s  greenisb-browi 
pMcipitate,  coQsiBting  merely  of  sulphur  and  pentasulphide  of  antjmopy,  the  wholi  li 
the  iron  being  reduced  to  the  ferroni  state  and  remaining  in  the  liquid 

SulpkantimonaU  of  L»ad.  Pb-Sb'S*.— Obtained  by  adding  aMtate  of  IskI 
lo  BulpbantimooBle  of  aodium,  with  the  aune  pcwautioM  m  ttioee  dcaoibed  for  tb 
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•olntioii  togethec  irith  tlie  tnah-mtter,  a  eraponted  in  s  porceluD  dub  or  doan  iraa 
pot,  till  a  wmple  Tielda  ciyiUU  oa  oooliog;.  Thevbole  is  then  lefttocotd  qoietlj,  ml 
tbe  leBulting  OTStali  an  washed  leieral  times  vith  cold  nttei,  and  dried  in  Hie  air.  at 
better,  under  a  bell  jar,  over  lime  or  oil  of  vilrioL  The  fomuktian  of  the  aalt  ia  mace 
■ccelented  b;  boili^  Ibe  mixture.  (Liebig,  Haadvort.  d.  Chtm.  I**  iiufl.  ii.  13t. 
for  Other  modes  of  preparotiou,  see  Qmelin's  Handbook,  iv.  384.) 

SulphantimoDiite  of  sodium  forms  transparciit,  coloDrless.  or  pale  j^ellow,  regular 
tebvhedroDi,  vith  truncated  aummite,  or  acuminatfld  with  tbe  facea  of  the  Aotnlie 
dodeCBhedron.  It«  taate  ia  bitterly  metnllio,  and  at  the  eame  fime  alkaJiae,  It  dia- 
solves  iu  2*9  pts.  of  vater  at  1S°  C,  and  the  solution  is  precipitated  bj  alcohoL  Wbea 
heated,  it  melts  in  its  water  of  aratallisation,  uid  after  all  the  water  has  gone  cC 
forma  a  grejiah-wbita  masa,  which  cnunblea  (o  a  bulk;  powder  when  eipoaed  to  the 
air.  At  a  commencing  red  heat,  it  ftisea,  withont  derompoailion,  if  the  air  bo  excluded. 
The  fused  maaa  is  liver-coloured,  and  dissolves  in  water,  leaiioB  t  small  qnantiti'  o( 
sulphide  of  antimony.  The  deeompoaitian  of  the  solntioD.  as  weU  as  of  the  salt  itself 
by  contact  with  the  ur,  is  doa  to  the  action  of  carbonic  add,  but  ii  not  ooaiplete  evea 
ther  Buuy  months.  Tbe  reeultiiig  Inown  precipitate  contains  mlphantimooate  dt 
sodium  with  trisulphide  of  antimonj,  and  the  liquid  is  found  to  contain  carbonate 
sulphide,  and  hTposnlphite  of  sodium,  but  no  snlphata. 

When  snlpluuitimonate  of  sodium  ia  added  to  a  solntion  of  taitar-emetie,  the  liqwij 
fint  turns  red,  and  then  yields  in  orange-coloured  predpitate  containing  pmtaaalplud^ 
trisulpbide,  and  triozide  of  antimonj,  while  tartaite  of^sodium  and  potassium  remaiM 
in  solntion : 

aCH'KSbO'  +  2Na'3b3*  -  eCH'KKaO*  +  SbW  +  Bb-S"  +  SSbW 
Tbia  jnecipitate  melta  at  a  higti  temperatare,  forming  a  blaek  metallic..«hining  ma», 
exhibiting  red  translucence  on  the  edges,  and  perfectly  soluble  in  bydrocblaric  acid. 
Potash  decomposes  it,  leaving  a  yellow  T^aidue  consiatiog  of  lolphide  of  sodinm.  tn- 
oxide  of  antimony,  and  a  compoiind  of  that  oxide  with  potash.    (Handvorterbudi.) 

Suipkantimonatt  o/  Sfrontium.— Prepared  like  the  ealciuiii-Mlt:  not  oya- 
tallisable. 

Bulpianlimonatt  of  Uranium.- 
ammomo-uranic  chloride  to  solpbantimi 

Sulphantimonate  of  Zinc,  obtained  bj  dropping  mlpbate  of  line  into  a  solntion 
of  the  sodiom-salt,  is  an  orange-coloured  predpitate  which  dissolves  in  the  liqoid  whn 
heated,  and  partlr  runs  through  the  Bhai  dnring  washing.  It  ia  decowposwi  and  dis- 
solved by  bjdRN^oric  aeid. 

Tbe  precipitate  obbiined  with  eicesa  of  Qte  ELnc-ssJt,  has  the  same  colour,  but  is  asl 
•aaily  obtained  tree  from  the  preceding,  even  after  long  boiling.  Fuming  nitiic  add 
decamposes  it,  with  ignition.     (Uandwiirterbuch.) 

AWTZannrT,  8T>XVSOOX]bOXZ»ai  OV.  flbSCl'.  Obtained  by  slowly  pafnng 
dry  sulphuretted  bydrogen  into  pentaehloride  of  antimony.  It  ia  a  whit«  cry^alline 
body,  which  melts  at  a  moderate  heat,  ia  resolved  at  a  higher  temperature  into  siJfhir 
and  trichloride  of  antimonj,  deliquHces  in  moiat  air,  and  is  deeomposed  by  water  inid 
mlphur  and  trichloride  (?  oxychloride)  of  antimony ;  with  aqueons  tartaric  add.  it 
yields  a  precipitate  of  atdphide  of  antimony  mixed  with  oxide.  (Oloei;  A"",  Qi. 
Phys.  [3]  XII.  374.) 

Other  anlphoebioridea  of  antimony  have  been  obtained  by  B.  Schneider  (Pobb. 
Ann.  criii.  407).  Finely  pulverised  trisulphide  of  antimony  dissolvea  in. 14  or  13 
times  its  weight  of  the  melted  trichloride,  without  evolution  of  aulphurettfld  faydragen. 
and  the  liglit  brown  solution  solidiflea  on  cooling  to  a  yellow  ayatalline  mass.  By 
pouring  offthe  still  remaining  liquid  at  a  certain  atuge  of  the  solidification,  the  aon- 
pound  may  be  obtained  in  regular  crystals  (rhombic  prisms  bevelled  at  the  ends  witb 
a  mscrodiagonal  dome),  containing  Sb'SCl'.SSbCl'.  It  is  verr  deliquescent,  and  is 
decomposed  by  a  largo  quantity  of  water,  with  separation  of  a  jelLjw  powjer :  bi 
prolonged  heating,  it  is  resolved  into  volatile  trichloride  of  antinuiny,  and  a  Usck 
reeidoe  of  sulphide.  It  is  deeomposed  by  sbeolnto  alcohol,  out  of  contact  of  air.  a 
large  goantitj  of  chloride  of  antimony  and  a  little  of  the  sulphide  disaolvinf^  and  a 
reddish-yellow  amorphous  aubatance  being  left,  containing  aSbClS.aab'S'.  This  com- 
pound is  decomposed,  by  heating  in  close  Taseela,  into  triehtoride  and  t 
of  aDiimoqy,  also  by  the  action  of  dilute  hydrochloric  acid. 

AVTtmorr, •VXiVHZOIlUU  or.  SbSL— ThiscompoaadisoMusedbyda- 
solving  trisnlphide  of  antimony  in  tbe  melted  tri-iodide.  It  has  a  brilliant  ■"■**''■' 
Instre  and  rM-bmwn  colour,  appears  red  and  tnnsparent  undsr  tbe  micraaoopa.  aad 
yields  a  powder  of  a  fine  eherry-nd  colour,  (B.  Sehneidsr,  J.  jr,  Cban.  Ixiia. 
432;  Bip.  Chim.  pure,  ii.  333.) 
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pndpttatiag  the  oxide  br  water,  and  diaolviDg  it  in  hydrodilorie  •eid  taj 
preeipiUting  the  pun  ehloride  bj  another  addition  of  water  ;  and  freeing  it 
oall  quantity  t^  water  b;  heating  it  to  100°  C.  in  aaataet  with  fiued  diloiid* 


it  80°  C.  a  volonrlem  liquid,  which  bnmt  with  a  white  flaiu,  diffhdng  a 
oxide  of  antimony.  The  liquid  whii^  then  remained  was  itibdiamjL  It  wM 
Tellow,  heavier  than  water,  and  tolerably  mobile,  with  a  pecoUar  anmatie 
d  bitter  taste ;  inioluble  in  water,  bat  nuadble  in  all  praportiona  with  alcobd 
p.  It  was  not  apcntaneonsly  inflammBble,  bnt  whau  set  on  fire,  bnnwid  wilh 
hite  flame,  diffugiog  a  white  fame  of  oxide  of  aotimanv.  It  exploded  with 
ilsnce  when  heated  in  oxygen  gaa,  and  wai  decomposed  by  nitric  acid  with 
ible  eTolDtJon  of  heat.  Ita  ethereal  solution  exposed  to  the  air,  left  an  oxide 
beorbed  carbonic  acid;  and  the  Mibdiamvl  itjielf  heated  to  1U0°  C.  in  a 
f  diT  carbouio  acid,  yielded  a  viscid  liqaid,  whioh  appeared  to  be  tha  cai- 
(SbAm'J'.CO*.      The  haloid  salts  of  stibdiamyl  are  gonunj  liquids ;  tha 


L  S\>(,(yS"Y  -  SbAm'.— Tnnapamit  *ligbtly 
I  liqnid,  Tei7  nedd  below  20°  C,  more  mobile  at  higher  temperaturcH.  K  hu 
r  aromatic  odoar,  and  a  bitl«r,  aomewhat  metallic  and  reiy  persistent  taft& 
^Titj  1-333  at  17°  C.  (according  to  Cramer,  Phann-Centr.  I8£S,  4S6,itiB 
In  contact  with  the  air,  it  does  not  taks  fire,  but  flimea  strongly  and  deona- 
|>onting  a  white  powder.  A.  drop  of  it  placed  on  bibnlons  paper  and  ezpoMd 
r,  becomea  aa  scvDgly  heated  as  to  char  the  paper.  It  ix  msoIobU  in  water, 
olvea  iparin^y  in  alcohol,  and  resdilj  in  ether.  It  does  not  exhibit  any 
r  to  nmte  with  iodide  of  amyl,  when  heated  with  that  compoond  in  a  aealcd 

iamyl  is  a  diatomic  radicle,  like  atibtriethyL  Itaoni<,Sb{C*H")*.0—  is  pro- 
'  alow  eraporation  of  an  ethereal  sola tion  of  stibtriamyl  in  contact  with  the  lir; 
imposing  the  chloride,  iodide,  or  bromide  with  oxide  of  silver.  It  is  a  greyisli- 
iacid  mass,  which  becomes  somewhat  more  fiaid  when  gently  hn^d.  bnt 
en  at  highir  temperatorea.  It  tastes  and  smells  like  the  radicle  itaelf.  It  is 
I  in  water,  epanogly  soluble  in  dilate  alcohol  and  in  ether,  but  dissolna 
•beolute  alcohoL  The  alcoholic  solution  piecipitutfe  metal^c  oiidea  fro<a 
la.  Oxide  of  Btibriamyl  dissolres  readily  in  acids,  and  the  resulting  oompoonda 
ipitated  &om  their  solutions  Wwater. 

e  ehloride,  8b((7H'>)>Cl',  obtained  by  diisolTing  ths  oxide  in  hTdnichlone 
<  yellowish  tranalacent  liquid,  viscid  at  oidinaiy,  comparatiTely  mobile  at  hi^ier 
liurea.  heavier  than  water,  solable  in  alcohol  and  ether.  It  tsatea  and  smells 
triamyL    Deoompoaes  at  temperatures  above  ISO°  C.    The  bromiJt  and  iatiJt 

I  the  chloride. 

I I  e.  Sb(C*H")'.2H0'.''When  the  chloride  or  iodide  is  mixed  with  an  alooholie 
of  nitrate  of  silvEr,  as  long  as  a  predpitate  forms,  and  then  filtered,  the  flltrsle 
I  emulsion,  fram  which,  after  standing  for  some  time  in  a  warm  place,  two 
separate,  the  upper  being  light,  yellow,  and  mobile,  and  the  lower  a  darp 
m1  oil  The  upper  layer,  when  elowly  evaponted.  yields  the  nitiate  in  alendsr 
yslals  grouped  m  stars ;  they  may  be  ponfied  bv  rectystallisatiaD  from  ditul* 

The  dark  red  oil  likewise  disaolvee  on  addition  of  a  Urge  quantity  of 
1  alcohol,  and  the  solution,  after  standing  for  some  time,  yields  the  same  cira- 
heae  dystals  melt  at  aboi^  20°  C. ;  the  fused  mass  does  not  diasolve  in  alcohol 


lulphalf,  Sb(C^")'.SO*,  is  formed  by  decomposing  muivalent  onantitiea  et 
of  silver  and  a  haloid  compound  of  stibtriamyl  dissolved  in  aloohnL  This  salt 
lined  only  as  aa  oily  liquid  body. 

rhite  powder.  fonoM  by  the  action  of  the  air  upon  stibtriamyl  is  insoluUe  is 
cohol,  and  water:  it  does  not  dissolve  in  hydrochloric  add.  but  imperfsetly  is 
litrie  add ;  alowlj  in  aqua-regia.  It  remains  unaltered  erea  when  Btntngly 
BOt  decomposing  below  a  red  heat.  Berli  supposes  it  to  be  OHtimenilr  v/ibt- 
BbAm'O.Sb'O'.  Wbcoi  sDlphuietted  hydra^en  was  passed  fi>r  some  time 
this  compound  suspended  in  alcohol,  a  iriiite  powder  immediately  separated, 
radoally  asenmed  an  orange  colour,  and  then  ibnued  ■  pulpy  mas*,  wfiich  co«Id 
Utered.    After  addition  of  a  large  qoaoti^  at  alcoh<d  and  ether  the  liqii<L 
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ria  os!d»  tod  finrning  nitnte  of  itibtrietlijL    Neith«r  flnniiiB  niliie  uad  ni 

;u  oxidiMS  the  utimouy  eompletelj. 

4nlimoHUi  of  Stibtritthyl.Bb((?H'y.8ti>0*.orStiS?O.Stm',ii 

h  the  oxide,  hj  the  gntdoal  oiidatioa  of  itibtriethyL  The  white  fiunca  rluca 
btri^thj}  diffhsflA  in  the  air  consiBt  alnuHt  whoUj  of  thu  componiid.  It  mH^be  pr^ 
*d  by  lesTing  an  athereJ  solntion  of  gtibtriethjl  to  oTsporate  apontaneiTOiily.  Md  di»- 
ring  out  the  einmltsoennily  fbrmed  oxide  vith  ether-aleohoL  The  u>timoDltF  thai 
laina  hs  a  white,  pTilvenilent,  unoiphoiu  body.  It  huiu  bitter  Uote.  mi  ii  salable  is 
ter  iind  in  ilcohoL  The  aqneoni  lolutiDa  pr^wred  in  the  sold  ii  ptrtectiy  mohi>. 
;  when  heated,  becomee  viseid  like  gtareh -paete,  and  drioa  np  to  »  friable  nuH^ 
ring  the  BppeKnmce  of  porcelain.  Water  poured  upon  tiiii  man  divotm  the 
ster  part,  bat  lesvee  s  naall  reddoe  of  uitimanioni  oxide.  Hjdroehlone  icid, 
led  to  the  okoholic  lolatian  throws  down  chloride  of  itibtrietfa;  1 ;  the  acid  liqaid 
iitrstedfrom  the  chloride  jielda  with  aolpharetted  hrdiOEen,  ■  precipitate  of  lertHB; 
mixing  it  with  waUr,  powder  of  algaroth  is  precipitated.  (Lowig.) 
Bromide  o/Stibtrietiyl,  Sb(CH>yBr*. -Stibtriethfl  tdb«  fin  when  added I7 
ip*  to  bromine.  The  bromide  is  prepared  by  adding  a  recently  prepaied  alcoholic  •uh' 
11  of  bromine  to  an  alcoholic  soluti  on  of  nlibtriethyT  cooled  by  ice.  am  long  a*  the  eotoni 
Lhe  bromine  disappcan.  On  mixin{^  the  solnlion  with  a  large  qnnntlW  of  nlfir.  the 
imide  of  gtibtriethjl  ia  precipitated,  in  the  form  of  a  colonrleei  tiqnid  which  mnat  then 
washed  with  water  and  dried  bj  contact  with  chloride  of  calcium.  Tran^>arc»t, 
joiless,  strongly  re&acting  liqnid,  having  a  density  of  r9S3  at  17°  C.  Has  an  go* 
aaant  odour  like  that  of  torpentine,  and  excitee  ineezing.  SolidiSea  in  a  crfHtiUiue 
sa  at  —  10°  C.  It  ii  not  volatile.  When  distilled,  it  yielda,  among  other  f(MdncM 
trongly  add  liquid  having  an  intolerable  odonr  like  that  of  chloral.  It  ia  deora- 
ed  by  oil  of  vitriol,  with  evolution  ot  bjdrobromic  acid,  and  bj  chlorine  with  sepam- 
n  of  bromine.  Inaolable  in  water,  but  dluolves  i«adily  in  alcohol  and  etbcr.  The 
aholic  eolation  gives  with  metallic  saltA,  reactions  "■^'li-  to  those  of  bromide  of 

'^klaride  of  Stibttiethyl.    Sb(C*H>)Kn'.— Scibtrielhyl  dropt  into  cblorinc  gas 

es  Are  and  bums  with  a  bright  but  smi^y  flame.  latrodnued  into  dry  hydroehione 
it  gas,  it  forms  chloride  of  Btibtriethyl,  aad  s^iaratee  a  cjuantity  of  hydtogen  equal  is 
nme  to  half  the  hydrochloric  acid  gai.  The  chloride  ia  easily  obtained  in  the  pan 
teby  decomposingastrong  solution  of  nitrate  of  stibtriethyl  with  strooe  hydnchli^ic 
1;  it  then  separates  ID  the  form  of  a  liquid  which  taay  be  pnrifled  in.  the  nma 
aner  as  the  bromide.  Tianspareot.  colourless  hqnid,  of  speeilic  gravity  1-640  ■! 
*  C  ;  it  has  a  povar^  odour  like  that  of  turpentine,  and  a  bitter  tasteu  Bemaios 
id  at  12°  C  when  it  is  distilled  with  water,  a  anum  portion  appeu*  to  volatilist 
lecomposed;  when  heated  alonc^  it  behaves  lilw  the  bromide.  Strong  snlphurie 
d  decomposes  it,  with  evolution  t^  hydrochloria  acid,  while,  on  the  othn  hand. 
Irochlorifl  acid  added  to  a  solution  of  sulphate  of  stiblriethyl  throws  down  the 
oride.  Id  other  respects,  its  retatious  are  lilte  thoa*  of  chloride  of  potassium  nr 
oride  of  sodium.  It  is  insolubla  in  water,  but  diswlves  readily  in  aleoltol  and  etbi'r. 
"i/anide  of  Btibtrittlful  sppean  to  be  fbrmed  when  3  at.  cyaniile  of  mrrrurr, 
1 1  at.  sulphide  of  Btibtriethyl  Bt«  mixed  in  the  state  of  aqueous  soluttoD.  Sulpbiderf 
rcuiy  is  then  formed,  together  with  a  liqaid  which  Smells  like  janesic  add,  and 
laves  with  metallic  sails  like  cyanide  of  potassium. 

'odidt  af  Slihtriithyl.  Sb(C^')'P.— Iodine  and  stibtriethyl  combine  tc^thef 
ler  water,  with  rise  ot  temperature.  On  adding  iodine  to  an  ethereal  solnlion  of  stib- 
tthyl.  a  violent  momenlaiy  ebullitioa  takes  places,  and  the  iodine  qaickly  diaBp|>ra». 
?  iodide  is.  however,  most  easily  prepared  by  adding  iodine  in  small  portions  to  an 
jhohc  solution  of  stibtriethyl  Burrounded  by  a  frigorifie  mixture,  as  long  as  llie  coluor 
:be  iodine  disappears,  and  leaving  the  colourless  solution  to  evaponle.  The  iodide 
n  cryatallises  in  colourlees  needles,  which  must  be  recrystaliised  from  alcohol,  au-l 
emards  &Dm  ether,  to  hee  them  from  a  small  qmuitity  of  adhering  yellow  powdrr. 
iodideof  stibtriethyl  has  aslight  odour  of  Btibtncthyl  and  a  bitter  taste.  ItdisHilvrs 
water  without  decomposition  and  readily  in  alcohol  and  ether.  It  melts  and 
idfles  at  TO^'o  C.  sublimes  in  soiall  quantity  at  100°,  without  alteistion,  but  is 
imposed  at  a  somewhat  highar  temperature,  with  formatioa  of  dense  white  fumn. 
the  fused  state,  it  is  iostaatly  decomposed  by  potasaium^  with  separation  of  stibtri- 
yl.  With  suipiuric  acid  and  wiUi  metallic  <ialts,  it  behaves  like  iodide  of 
assium.  SgdrochUiric  add  immediately  precipitates  chloride  of  stiblriethyL  Br— 
V  and  chlontw  s^taralee  the  iodine ;  so  likewise  does  nitric  add.  forming  nitralf  <4 
XiielhjL  With«nc-«lVitappsus  to  t(amstibpeDLethyt,aME'I' +  loW - 
L'  +  SSbE' ;  but  this  compound  is  decompoesd  by  distillation  into  stibuiethyl,  aUiy- 
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^'lihoti^pkurk  acid  hu  no  perceptible  action  npoo  it  j  bnt  on  ertpontiiig  ft  ioIe^ 
f  tba  oxide  utoreted  with  [he  mm,  crj^tals  of  aalphidti  of  (tibtricthjl  an  obtuned :  tb> 
miilleM  tnce  of  antimoDite  of  ■tibtriethjl  mix«d  with  tha  oxide  i*  detected  b^  tha 
onnMion  of  •  jellow  precipitate. 

aulpkatt  of  Stibtrifthyl,  Sb(C<E']*.30*, i( obtainad  br  deoompoaiQg  tha  aqonw 
niation  of  the  anlphide  with  anlphite  of  copper.  It  rayitalfiaea  in  imall  whit«  {infB^ 
olable  in  wal«r  and  alcohol,  tnodotons,  but  haTing  a  bitter  taste  and  aeid  reactum. 

5ufpAirfeo/5(i£fr<efiji^Sb((7H')'S,iB  farmed,  wilhoTolatioD  of  heat,  when  nl- 
hur  and  atibtnethyl  are  brongbt  togetb?T  under  water.  Sut  it  ia  moat  readily  obtiiofd 
ij  baihng  an  ethereal  eolulion  of  stibthethjl  with  flowen  of  aulphur;  the  liquid  decanted 
rom  the  sulpbnr  noon  solidiQsa  in  ueedle-ahaped  aystala,  which  may  be  pBTified  b* 
aafing  the  adhering  HnlpE:nr  to  oxidiae  in  (he  air,  and  cryatalliaiiig  aerarml  timea  fton 
ther.  Sulphide  of  stibvth jl  thui  purified  forma  a  balky  isaaa,  haring  a  ailmy  Ivali*, 
n  unpleasant  odour,  and  a  bitter  taete ;  it  ie  permanent  in  the  aii  when  dry,  melta 
boTO  100"  C,  and  is  decomposed  bj  a  stronger  heat,  with  evolution  of  atibtriethyl  tv 
lOUF.  The  aqueouB  sotntion  of  the  inlphida  preripitatea  metals  from  their  acdntiiioi 
a  tolphidea.  and  jielda  anlphnretled  hydrogen  with  dilute  adds. 

Bulpkantimonite  of  Stihtrictliyi.  SbE>.Sl><S*,  or  8bB?S.Sb>S'.  —  Solpharetted 
lydrogen  passed  through  a  solution  of  the  antimonite,  throws  down  thia  oompomid  in 
hefbnnof  a  Ught  yellow  precipitate,  having  an  extremely  nnpleaaant,  paraiBt«Dt  odonr, 
ike  that  of  metcaptan.  The  compound  is  also  fbnned  by  adding  recently  precipilated 
riiulphide  of  antimony  to  a  lointion  of  aulphide  of  stibtrietbyi.  the  latter  being  in  a- 
i^m,  wberenpon  tbebrown-redcoloar  of  the  kemna  immediately  chan^^a  to  light  yellrn'. 
hied  OTer  eulphnric  add,  it  forma  a  powder  of  a  besutifn]  light  yellow  eotonr,  which 
hangps  to  brown-red  at  the  heat  of  the  watn^bath.  When  distilled  over  a  q*^*' 
imp,  it     ■  "        "     "  =■-■"-    '    -■-      "  ■'     -----       ...,.■ 


f  Bulphnretted  hydrogen,  and  formalion  of  aulphate  of  elibtrielhjl : 
SbE'.Sb'S'  +  SO'H'  .  SbE".SO'  +  H^  *  Sb-S-. 
'uming  nitric  add  decompoNS  it,  with  emiaaion  of  light  and  beat. 

Stibbthtli  dm.  Sb<C<H*)'  -  SbE*.  (R  L  owig,  J.  p.  ChesL  Izir.  ilS ;  Cham. 
oc  Qn.  J.  TiiL  201;  Qm.  x.  527.)  —  The  iodide  of  thi*  radicle  ia  fiinned  by  iotro- 
ucing  a  mixture  of  equal  parts  of  itibtriethyl  and  iodide  of  ethyl  into  a  retort  filled 
ith  carbonic  acid  gia,  nearlrfllling  the  retort  with  water,  lealinff  the  neck,  and  then 
cHting  it  in  boiling  water.  The  aolution  evaporatni  and  cooled,  yields  beautiful  hoMi- 
f-Dti  prisms,  often  an  inch  long,  containing  2SbG'I.3H'0,  and  other  crretala.  mn- 
lining  4SbE<I.3H=0.  The  aalt  haa  a  very  bitter  taste,  and  1  pt.  of  it  dioaolvea  ib 
-28pta.of  water  at  20°C.  It  disaolves  more  easily  insbaolate  alcohol,  bnt  leas  in  ether, 
'he  aolution  of  this  salt,  mixed  with  chloride  of  mercury,  form)  a  white  predpitate,  which 
iasolvea  in  warm  water,  and  yields  cryslHlecootniaiiig  3Hg"]'.:^Slji.'i.  A  wither  dauLU 
>dida,  3HgI'.4SbE'I,  ia  obtained  by  adding  iodide  of  mercury  to  a  hot  aolotiun  of 
idide  of  atibethylium. 

The  iodide  digested  with  oxide  of  eilver.  yicliis  a  atrangly  alkaline  aolutioa,  whii-h 
llcD  CTaporated,  teavea  tbe  hgdralr  of  Mtiietk^lium  in  the  form  of  a  thick  colnurlna 
ily  liquid,  having  a  strong  alkaline  taste  and  reaction.  It  eipela  ammonia  &om  ita 
impounds,  precipitates  metallic  oxides,  and  rediasotva  alumina  and  stannic  oxide.  It 
iaaolvps  in  aeida,  forming  salts  which  hare  a  bitter  taste.  The  earbonalr  is  a  Inugh 
eliquescent  mass.  The  mlphatt  and  nitrate  crystaUiae.  The  formatr  yields  needle- 
iap«d  ciT"tals,  difBcuIt  to  dissolve.  Tbe  acttait  forms  similar  ccyatals,  but  mora 
)lable.  The  oxaiatt  cryBtallises  ;  the  soccinate  does  not.  The  neutral  tartrait  and 
n  large  deliquescent  crystals  \  tbe  acid  tartrate,  fine 


The  niphide,  (SbE')'S.  is  obtained  by  treatinE  the  oxide  with  hydroeulphor 

b  ia  a  ypllowish  oily  liqoid,  soluble  ia  water  and  ale  '  '        "      

r  alkaune  anlphides. — The  bromide  and  chloridr  a; 


AaUmoBldea  of  M»Qtjl.* 


ipoaed  to  the  aii,  it  givt*  off  thick  while  fbmce,  and  taku  flr^  burning  with  a  wfaila 
*  Lauaoll,  Aaa.  Ck.  Pasra.  IxivUL  >l;  aB.vfLBI ;  Oarh.  I.SH. 
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ThB  eariMofi^  (SbMeE^'.CO*.  is  >  vbita  roinoua  man  whidi  rmcta  like 
of  ■mmoaiaiii.  The  miphalr,  (SbHeE'y.SO'  ii  pioduc«l  br  dinalnng  th*  n;uimu 
Eb  snlpboric  wid,  or  by  decompoting  the  iodide  with  mlpbioe  {^  eilTer,  mnd  maj  b 
ohuined,  by  evapontioD  in  tkcdo,  in  vHte,  ihiniBft  tdtUr  eijBtala,  whidi  Uiiit  rf 
100°  C.  acd  ara  extreuplj  deliqaescent 

The  acetate,  formate,  asd  butvmtt  its  ci7itaUiB&  The  neutral  taalat,. 
(SbHeE'}*.(?0',  formi  enhjdimu  guMT  needle^  modeiatcl;  •nlBhle  in  vetrr .  Tu 
dcul  ozd/olc,  SbHeE'ACO',  fbrme  uesdles  trxj  eolable  in  vat«r.  Tbs  tertrtfr  u 
obtained  by  araporatioD  as  a  sjnpj  liquid  wluM  rapidly  abaorb*  wiUr,  bat  dos  %* 
erystalliH. 

The  cyanidt  ia  obtained  bj  diaaolTing  the  hydrate  in  hydiocyanie  acid.  The  lim 
watery  ■Dlation  boiled  with  potaah-ley  giTea  off  ammoBJa  and  forma  an  aatiiiuii*a«i 
add,  whicli  yields  insoluble  or  apariuglj  aolable  aalla  with  all  baae^  oacefit  potash 

AVTZVXKOaZBTXO  TKBOXT.     See  CoaBumoir. 

^  ■■■■i^^Tw,     See  Ahtboiiesih. 

AJi  'ClMXMXtno  AOIS.  An  add  of  Dnknoira  compoaitiOD,  obtained  by  Harii 
from  the  leares  of  the  foK-fflave  {Digitalit  purpiirta).  It  ia  preparad  by  '''"-*•■' '••■;  Ihi 
leafea  with  water,  satonting  the  distillata  with  baryta,  erapondog,  ■It^i'ii^  tb 
Msidne  with  excess  of  solphoric  or  oxalic  add,  and  rectifying  orer  chloride  of  cskima 
The  add  then  floats  od  the  top  of  the  liquid  in  oily  drops,  baTing  ao  nppleaaant  odm 
like  that  of  the  plant,  and  prodndog  headache  and  giddiness.  It  reddena  litaoi 
atrangly,  dissoWee  readily  in  alcohol,  and  in  contact  with  water  fbtms  white  films 
which  ^adually  dissolve.     (J.  Fhann.  April  !S4<,  p.  20S.) 

AVmsv^IO*.    Substances  which  prevent  llie  spontaseoas  deeoi 
vegetable  and  animiil  substances.    They  are  chiefly :  the  mineral  adds, 
hypochlorites,  conunoo  salt,  nitre,  spices,  sugar,  creosote  and  yeast     (Sm  Fnuuir 
anoH  and  PuranrAcnoN.) 

AV^ZTASTAXIO  ACID,  also  called  Lmvotitriarie  and  LaaoraeaMe  aad 
Futeur  has  shown  that  nceimc  add,  which  has  no  action  on  polanaed  liubt,  is  *  coni' 
pound  of  two  tcids  in  equal  proportions,  one  of  which  turns  the  plane  of  polarisatioD  of  i 
ray  of  light  to  the  right,  and  the  other  to  the  left.  Hence  be  calls  tbeiM  acids  rr- 
•pec^re^',  drrtre-  and  linoracmtie  acidt,  or  dtxtro-  aiid  lavo-tartarie.  Tbt  Antf 
add  is  identical  with  ordinary  tartario  add.  Omelin  (Handb.  x.  SM)  retaans  thi 
name  tartaric  for  the  ordinary  dextro-rotatory  add.  and  diitingnidua  tha  lavo- 
Totaling  acid  aa  antitartsric  acid.    (See  Turi^ic  and  Rumuc  Acma.) 

A> TBXlKOIiXTKi  A  hvdntad  silicale  of  alnminium,  found  in  wliit«  atslafdtu 
masses  on  the  north  coast  of  Antrim.  According  to  Th.  Thompaon's  analvaia  (J.  pr 
Chem.  viii.  4B9)  it  contains  43-i7  per  cent  of  silica,  30'2S  alamina,  and  IS'S'J  wiitrr, 
together  with  7*S0  per  cent.  lime.  4'I0  potash,  019  protoxide  of  iron,  and  0-uM 
chlorine.     It  appeara  to  be  related  to  mfsotype. 

AVra,  OI&  or.  The  red  ant  (Formiea  rvfa)  contains  avoUtQe  oil.  wLlsh  ma; 
be  extracted  \ij  <li« filling  the  insects  with  water :  to  the  amount  of  013  per  eat., 
according  to  Nolle ;  1  per  cent  according  to  Hermbstadt  It  is  transparent  and  colcar- 
less,  and  has  on  agreeable  odour ;  its  taste  ii  not  burning.  It  ia  slightly  aoluble  [a 
absolute  aloohoL     (Qm.  liv.  3fi8.) 

ttMVTmMMTWnO  AOIS.  The  name  given  by  Wala  to  a  mlatile  Bcid,  fiblaiani 
by  dlstilliog  toad-Sai  {Antirriiinum  Linaria,  L.  Linaria  mlfforit.  Dee.)  wiUi  water.  It 
forma  a  deHqneacent  Iwriiuu-salt,  the  analysis  of  which  gives  tor  tha  atomio  weight  <jI 
the  acid  tbe  number  312. 


n&    Syn.  with  Nitnisalicflanide.    Sea  8AU0Ti.U[llia. 
ATATVLXTM,    A  native  basic  sesqnisnlphate  of  iron  -  2(FeK>*.aS(}^  *  3BX>, 
tbond,  in  egg-shaped,  earthy,  yellow  nuasea,  in  the  clay,  at  MeD^  and  Anlcnil,  nar 
Paris. 


P*iwp*a((  o/ cafcium. —  This  mineral  occnw  both  massive  aad  (t™- 
taltised.  The  cryitais  ore  sii^ided  prisms,  belonging  to  the  rhombobedral  syitnii, 
sometimes  passing  into  the  six-sided  table ;  often  hemihedral.  Lustn  vitreinia.  is- 
dining  to  snbresinons.  Transloi.'eiit,  rarely  tmnsparent.  Scratches  fluor-spar,  bnl  ii 
scratched  by  felspar.  Brittle.  Colours,  white,  wine-yellow,  green,  and  red.  Spadfie 
gravity  3-17  to  3-26.  Phoaphorescee  on  cools.  Electric  by  heat  and  Metion.  It 
occiue  in  primitive  rocks ;  in  the  tin  veins  of  the  granite  of  St.  Michaal'e  XcniMK 
Cornwall:  aetr  Chudleigh  in  Devonshire;  at  Nontee  in  Praaoe;  an  the  St.  Oolbard; 
and   with  mdybdennm  in  granita,   near  ColWk.  Cumberland;  alao  at  Ehrenbia- 
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^endorfl  in  Sazonj,  in  the  Tpol,  in  BaTaria,  in  Bohemia,  and  in  Spain.  Large 
^rvstola  are  found  near  New  Ifork — one  crystal  from  Kobinaon's  farm  being  nearly  a 
foot  in  length,  and  weighing  18  ponnda  — also  in  New  Hampshire,  in  Maine,  Massa- 
ehaseta,  and  Delaware.  A  massiye  Tariety  called  Pkofphoriie^  because  it  becomes  phos- 
phoreeoent  by  friction,  is  found  in  veins  of  tin-stone,  and  likewiue  in  secondary  fomu^ 
tions,  A  Teiy  large  vein  of  this  mineral  is  found  at  Estremadura  in  Spain.  It  has  a 
botryoVdal  apd  kidney-shaped  sur£u»,  and  a  radiating  fibrous  texture. 

The  chemical  composition  of  apatite  may  be  expressed,  according  to  Gustay  Rose 

(pQgg.  Ann.  iz.  185),  by  the  general  formula,  SP'O'Ca'  4-  n^^^nit   ^®  chlorine  and 

fluorine,  which  are  isomorphous,  being  capable  of  replacing  one  another  in  any  pro- 
portion whaterer.  If  the  chludne  is  altogether  absent,  the  mineral  becomes  a  Fluor- 
apatiU,  or  Franeolite,  ZF^O^Csr  +  CaF*,  containing  7'9  per  cent,  fluoride  of  calcium, 
and  92*81  tribasic  phosphate.  An  analysis  of  Francolite  by  Dr.  Henry  gives  in  100 
pta.  il  84  phosphoric  anhydride  (PO*),  68*38  lime  (CaO),  2*96  protoxide  of  iron  (FeO)» 
2' 32  fluorine,  and  a  trace  of  chlorine ;  whence  we  may  calculate  that  the  proportion 
of  tribasic  phosphate  of  calcium  is  98*8,  and  that  of  the  fluoride  4*91 ;  part  of  the 
theoretical  quantity  of  calcium  is,  however,  replaced  by  the  iron.  The  apatites  of  the  St 
Gothard,  of  Ehrenfriedersdorf  in  Saxony,  and  of  Faldigl  and  Greiner  in  the  Tyrol,  are 
fluor-apatites.  Apatites  free  from  fluorine  have  not  yet  been  found.  The  greater  num- 
ber contain  chlorine  and  fluorine  together.  The  largest  amount  of  chloride  of  calcium 
ia  found  in  the  apatite  of  Snarum  in  Norway,  which  contains  4*28  CaCl',  1  '59  CaF*, 
and  91*13  PK>'Ca'.  An  apatite  in  which  the  fluorine  was  wholly  replaced  by  chlorine 
would  contain  10*62  per  cent  of  chloride  of  calcium. 

The  composition   of  apatite  is  only  a  particular  case  of  the  general  formula 

3(  .  jO^.fiO  +  -w^rp,,  in  which  M"  denotes  a  metal,  which,  in  the  species  hitherto  exa- 
mined, may  be  either  calcium  or  lead,  and  in  which  phosphorus  and  arsenic  may 
replace  each  other  in  any  proportion,  as  well  as  chlorine  and  fluorine.  This  formula 
likewise  includes  the  pyromorphites.  or  green  lead-ores,  which  are  isomorphous  with 
apatite.  Apatite  was  so  named  by  Werner  from  Ararcty,  to  deceive,  on  account  of  the 
mistakes  of  the  earlier  mineralogists  respecting  its  nature.  (Handw.  d.  Chem.  2** 
Aufl.  ii.  147.) 

AVATOXB*    A  mineral  free  from  phosphoric  aeid,  found  in  certain  American 
meteorites. 

C  AOZB«    See  Aibmio  Aoxd. 

I.    See  Abxchitb  (p.  6). 

See  DiOBTTB. 

Lamp  without  flame,  or  glow-lamp.    (See  Alcohol, 


SeJUe/erapar.  Ckaux  carbonaUe  naerie,  —  A  slaty  carbonate  of 
calcium,  having  a  mother-of-peari  lustre,  found  rarely  in  beds  and  veins  in  the  older 
rooks  as  in  Cornwall,  at  Kongsberg,  &c.  A  soft  friable  variety  of  it,  called  earth-foam 
{ S  hfinmkalk,  8ckaumerde\  containing  silica  and  oxide  of  iron,  is  found  at  Gera,  and 
bt  Kidlcben  in  Thuringia. 

See  TovRMALira. 


p.  74.) 


A  hydrated  silicate  of  magneaium,  resembling  meerschaum, 
found  at  Longbanshytta,  in  Sweden.  Its  formula  is  16BIg0.15SiO'  +  12H>0. 
Now  in  the  magnesia-silicates,  3  at  water  may  be  supposed  to  replace  1  at  magnesia 
(see  SiucATBs),  hence  the  preceding  formula  may  be  reduced  to  4M0.8SiO*  [M 
denoting  a  diatomic  metal]. 

AraxOfl ITS U M,  Ct^pet  froth  and  vVrpov  soda.)  —  An  old  name  for  the  saline 
efflorescences  fonned  on  walls,  commonly  called  wa/i-nitre,  but  consisting  for  the  most 
part  of  carbonate  and  sulphate  of  sodium,  sometimes  with  sulphate  of  magnesium. 

AYHXOSZBBRZTB.  A  silicate  of  iron  and  aluminium,  containing,  according  to 
Sandberger,  26*4  per  cent  silica,  21*2  alumina,  1*1  magnesia,  44*2  protoxide  of  iron, 
and  7*7  water.  Sandberger  represents  it  by  the  formula  Z{ZFeO,8iO^)  4- 
ZAPO^.SiO^  f  6H0,    It  is  doubtful,  however,  whether  all  the  iron  exists  aa  protoxide. 

See  AncAifm. 

The  name  given  by  Svanberg  to  a  mineral  from  Warmkog,  in 
Wiirmeland,  resembling  fahl-ore  {q.  v.),  but  distinguished  by  a  peculiarly  large  amount 
of  basic  metallic  sulphides.    According  to  Svanberg's  analysis  (Ofrersigt  af  Kou^ 
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Viiteiulupl  Acad.  Vorhuidlinnr,  it.  BS),  ita  gmerul  fbnnula  ii  ITPSJSi^  i  pailu[> 
niiitun  of  6M*S.Sb*9'  vitli  H*S.  It  coniiita  chiefly  of  euppo',  tine,  uItw,  iron,  l 
tatinuiay,  with  only  s  tiacc  of  anenic    Speciflo  gnvi^  i'S7. 

AW^Ot. — A  gelatinoni  suhitance  extncted  b;  BncoDsot  (Ann.  Ch.  fhyt  I 
ix.  260).  bom  eomiDon  puilej'  {Avium  petroteUnum)  bjr  boiling  with  walcr-  1* 
boiling  liqnar  puaed  throogh  ■  doth  becomea  on  cooling  a  tnuiapannt  jdlj.  I 
peetit  acii  It  i»  waahed  in  cold  water,  uid  after  dijing  OTM  tbo  w«ter-b»rL, 
treateil  with  boiling  alcohol  and  ether,  which  extract  from  it  a  certain  qBActitj 
chloiophyll. 

Pnra  apiin  ii  a  coloorlesa  powder,  without  odour  or  taate.  It  melta  at  IBiyC.  ii 
a  jellow  lit^nid.  wHch  forma  a  Titreona  maaa  on  cooling.  It  begina  to  dftcmi^ 
between  200°  and  210°  C.  Itis  veryaparin^ljaolnble  i&coldwateT,^tdiaH>IvBacBhl 
in  boiling  water,  which  deposits  it  on  cooling  in  the  fbrm  of  a  jeElT-  It  ii  niu' 
in  boiling  alcobol  and  insoluble  in  vthpr.  According  to  Planta  and  Wallace  (Jj 
Ch.  Phann.  Ixiiv.  262)  it  containa  (T'H'K)".  Ita  solntiOD  in  boiliiig  water  T«nla 
a  b!ood-red  colour  with  ferrona  atUta ;  this  reaction  is  extremely  detica(«,  mffioog 
indicate  the  amalleat  traces  of  apiin.  The  aqaeona  aolntion.  after  boiling  ft>r  a  h 
time,  no  longer  gclatinisea  on  cooling,  hut  depoaita  nearhr  white  fluken,  wbieb  apfn 
to  eonaiet  of  C"H"0>'.H«.  'When  apiin  u  boUed  with  dilate  EnlidiDrii;  or  I 
drocblorie  acid,  the  lienor  deposits  on  cooling,  white  flakes,  whieh  appear  to  nmti 
(?'H'*0*,  that  is  to  saj,  ^)iin  minut  4  atoms  of  water.  Apiin  ts  disac-lnd 
alkalis  and  repredpitated  in  its  original  stale  by  acids.  When  boiled  with  ti 
phnric  add  and  peroxide  of  miDganeae,  it  yields  carbonic,  acetic,  and  (iiriBii:  aetda 

AVZOa  TVBSHOaA  or  Glycine  apiot  {L.)^i,  le^amiiioii*  plant  from  Km 
America,  the  coots  of  which  faaTe  been  prt^meed  aa  a  sabstitnte  for  the  potato,  and  I 
young  Miedi  tac  peaa.  The  roots  ai«  eatan  in  Virginia,  and  an  said  to  hare  been  os 
by  the  aborigines  of  tho  conntijt.  Payen  (Compt.  rend,  iiriii-  189)  giT«a  the  ffJlv 
ing  statement  of  the  composition  of  the  loota,  compared  with  that  at  the  vane^ 
potato  called  patraqmjaoM : 

Aplm.  rauaa. 

Nitrogenons  matter i-S  1'7 

Fat^  matter 0-8  0-1 

Starch,  angar,  pectin.  &c     .        .        .        .  83'fiS  21-3 

Celloloae  and  epidenaia  .        .        ,1-3  IS 

Inorganic  matter ,    2-25  I'l 

Water 61-8  74'4 

tXXMXM  or  AVTXnr.  An  alkaline  labstancs  said  to  be  contained  in  the  ti 
of  Oko*  nuci/ira  and  Cocot  lapidea.    (Hiiio,  J.  Cbim.  mid.  IBSS,  490.) 

AVJOHSTTS.     See  MAHOA](BaB-u.tiic. 

JUP&TTB.  A  name  inappropriately  given  to  a  kind  of  granite,  eonaisting  doe 
of  a  fl.ne-ground  mixture  of  quartz  and  felspar  with  only  a  trace  of  mica. 

aWIMMM.     See  O&bnst.  —  AVOaKVDXO  ACXS.     See  Qi,iiciO  AiCZD. 

AVXOCKSVSO  ACID.     See  H'iKiC  Ads. 


m,  (?H'NO'.— A  nitrogenoos  acid  obtained  by  the  i 
composition  of  cotamine;  firat  prepared  by  WShler  (Ann.  Ch.  Fhaim.  i.  2*1.  aft. 
wards  more  fUlJy  examined  by  Anderson  (Edinb.  Phil.  Trans,  xiiii.  347;  Chem.  5' 
Qn.  J.  T.  2S7). 

Preparation, — 1.  Cotamine  ja  disM^Ted  in  nitric  add  diluted  with  twic«  its  mlnTi 
of  water ;  strong  nitric  arid  ia  added ;  and  the  whole  ia  hested  to  boiliDg,  wfanenp 
abundance  of  red  Tapeun  are  evolTed.  As  soon  as  a  small  portjon  of  the  Bolntion.  i 
being  mixed  with  alcohol  and  ether,  miickly  daposita  crystals  (if  no  ciywtala  appr 
the  beating  most  be  continued),  the  whole  of  t!ie  solution  is  treated  in  the  same  wi 
and  t^  crystals  which  are  deposited  after  24  hovta,  are  filtered  off  and  pun£*d  ) 
boiling  their  solution  which  anlotal  charcoal,  and  mdrstalliaing.  A  great  ezo«> 
nitric  add  hinders  the  predpitation  of  the  apophyUio  add  (Andaraon).  —  2.  i 
decomposing  chloroplatinate  of  cotamine  with  salphuretted  hydi«en,  filtering  ( 
the  platinum  and  CTuporatingthe  filtrate  with  hydrate  of  barium,  apcmhyllate  of  barii 
was  found  in  the  residue  ;  and  after  extracting  the  eotarnina  with  alcohol,  and  boilii 
the  residue  with  dilute  sulphuric  add,  a  yellow  solntian  waa  obtained  which  dopoaiU 
crystals  of  apophyllie  acid  after  the  lapse  of  severaJ  weeks. "  (Wohler.l 

Apaphyllic  add  ciystallisce  from  a  boiling  saturated  aoliition  on  cooEng,  in  rallii 
long  anhydrous  prisma,  which  do  not  effloreece  when  heated.  It  reddens  Utnns  stnagl 
and  haa  a  weak  add  taste  (Wo  bier).  Helta  at  206°  C.,  and  nlidiflMsa  eooli^ 
into  a  crystalline  mass.    (Anderion.) 
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X  t^fif^Ud  itpofkyUic  acid^  C"fi'NO«.HK),  crystallisefl  ficom  a  utusted  and  not 
boiling  solotion,  in  oolonrlets,  veiy  sharp  rbombio  octahedrona  the  form  of  which 
^pproacshaa  to  that  of  a  aquare-baaad  octahedron.  Angles  of  the  base  about  88°  and 
92<>;  of  the  latcnl  edges,  about  IO6O  28',  105°  24',  and  190°.  The  crystals  cleave  very 
readiiy  in  a  direction  parallel  to  the  base,  forming  faces  of  pearly  lustre,  like  the 
crj^tala  of  apophyllite  (hence  the  name).  These  give  off  their  water,  amounting  to 
about  9  per  ceut,  at  a  temperature  much  below  100*^  C.     (Wohler.) 

Aqueous  Apophyllic  Acid, — Apophyllic  acid  dissolves  slowly  and  with  sreat  difficulty 
in  cold  water.  It  is  soluble  in  sulphuric  acid  (Anderson);  insoluble  in  alcohol  and 
ether. 

When  heated,  it  melts,  chars,  and  evolves  an  oily,  strongly  alkaline  liquid,  which 
•molLi  like  chinoline  (Wohler).  By  distillation  it  yields  a  neutral  oil,  as  well  as  a  base, 
which  does  not  become  coloured  when  treated  with  chloride  of  lime  (Anderson).^- 
2.  Nitrio  acid  converts  it  into  oxalic  acid  (Anderson). 

ApopkyUatrs. — Nearly  all  the  apophyllates  are  soluble  in  water. 

ApophyllaU  o/Ammomum  forms  small  prismatic  needles.  It  is  readily  soluble  in 
waU»r. 

ApopktfUate  of  Barium  is  obtained  in  nodular  crystals  by  digesting  the  acid  with 
carbonate  of  barium  and  adding  alcohol  to  the  solution.     (Anderson.) 

Apophyllate  of  A mmonium  does  not  precipitate  Uad-salts.     (Wohler.) 

Apophj/Uate  of  Silver^  C*H*AgNO\  is  obtained  by  digesting  apophyllic  acid  with 
moist  carbonate  of  silver  and  precipitating  the  solution  with  alcohol  and  ether.  It 
forms  a  crystalline  powder,  wnich  bums  slowly  when  heated,  leaving  a  residue  of 
metallic  silver.  It  is  easily  soluble  in  water,  insoluble  in  alcohol  and  ether  (Ander- 
son). On  mixing  a  solution  of  apophyllate  of  ammonium  with  nitrate  of  silver, 
a  double  salt,  consisting  of  apophylkte  and  nitrate  of  silver,  C*H*AgNO*.NO'Ag,  is 
dopoHited  after  a  while  in  small  oystailline  stars,  which  soon  increase  to  seoHtie 
groupe  of  fine  needles.  The  salt  explodes  violently  when  heated,  like  oxalate  of  silver. 
It  iu  slightly  soluble  in  water. 


lohikyophtkaimite,  FiaK-etft  stone, — A  silicate  of  calcium  and 
potassium,  also  containing  fluorine,  which  is  found  both  massive  and  crystallised. 
The  crystals  belong  to  the  dimetric  system.  The  most  usual  form  is  oo  P  00  .  P,  also 
with  OP.  Cleavage  perfect,  parallel  to  OP,  imperfect  parallel  to  00  P  oo .  The  massive 
variety  has  a  laminated  structure,  l^ecific  gravit;^  2*3  to  2*4.  Hardness  about  that 
of  apatite)  or  generally  rather  less.  The  finest  varieties  are  transparent  and.  colour- 
]c»a,  or  aometimee  tinged  with  rose  colour;  translucent  ciystali  are  also  found,  or 
opaque  in  the  mass,  translucent  only  at  the  edges,  and  white,  reddish-white,  or  fiesh- 
coloured.  External  lustre  splendent  and  peculiar;  internal  histre  glistening  and 
pearly.  The  transparent  crystals  exhibit,  according  to  Brewster,  a  peculiar  optical 
character,  which  shows  that  each  individual  crystal  is  an  ag^re^te  of  several  pieces 
symmetrically  arranged.  In  some  places  (especially  at  Aussig  in  Bohemia)  a  variety 
.^alled  atlnn  is  found,  consisting  of  opaque  crystals  of  peculiar  form.  Apophyllite,  heated 
before  the  blowpipe,  exfoliates  (hence  its  name,  from  &To^vAA((fu),  then  froUia,  and 
melts  into  an  opaque  bead.  It  is  easily  decomposed  by  strong  hydrochloric  acid,  with 
separation  of  gelatinous  silica.  The  filtrate,  supersaturated  with  ammonia,  yielda 
»  precipitate  of  fluoride  of  calcium. 

The  composition  of  apophyllit^  as  determined  by  analysis,  is  as  follows : — 

B«rs«lius. 

Silica 62-13 

Potash  ....  6-27 
Lime  (including  CaP)  .  .  26*53 
Watar 16-20 

9913 


8Croincj6ff. 

C  OneliB 

51-86 

53-90 

5-31 

613 

26-22 

26-00 

16-91 

16-70 

99-30 


100-73 


From  these  results,  L.  G-melin  (Handb.  iii.  394)  deduces  the  formula  K0.28iO^ 
'¥6(Ca0.28iO'+Ca0.8iO'-i'CaF  t-  16JfO»,  or  16SiO«.7CaO.KH>  +  CaP  +  16HH).t 
Simpler  IbrmultB  may  be  obtained,  if  we  suppose  the  fluorine  to  take  the  place  of 
part  of  the  oxygen  in  equivalent  proportion.  Berzelius  gives  the  formula  K0.2^iO^ 
-  8(Ca0.j$iO*)^  +  16£rO,  which,  if  M  denote  a  monatomio  radicle,  may  be  reduced  to 
10^tO*.9iVfO.16i^O.  The  analytical  results  may,  however,  be  equally  well  represented 
by  the  geoenU  formula  9^iO^.SAf0.l6HO ;  and,  assuming  that  3H0  may  rephioe 
I  MO  (see  Isomorphism,  Poltmuuc),  this  formula  may  be  xednoed  to  9SiO*.13ifO,  t 
or  27SiO«.26MK). 


•  sr  •  u ;  o  •  t. 


t  «-si}  0*16. 


I  ftiB.21-ft;0»t. 
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AvmwrU-  A  T««D  obuined  bj  diasolTiog  ia  slmhol  Ihtt  portioa  of  fl 
coholic  extract  of  rhubirl}  Thicti  is  iuaolnble  in  mter.  prKipitatins  bj  etiur,  a 
;ain  treating  the  pmdpitAte  vith  alcohol,  lh»  aporetin  tlien  lemaining  iiiii1i»ii|ii 
kfaloaibetger  and  Dopplng.  Ann.  Ch.  Phann.  i  219).  Trotted  with  eon™ 
»ted  nitric  add.  it  Ticlds  a  yellow  »nb«t»nce,  which  appean  to  be  chiyaaniinif  nd 
gethsr  with  oxalic  add  and  an  add  which  prodDcaa  a  brown-red  oalriniiui(  wil 
kalia.  (De  U  Baa  and  Ualler,  Chem.  Soc.  Qo.  J.  z.  398.) 
APOHVIUXW.  Kdtojcyd. — A.  product  or  the  putra&ctioa  of  tlu  aer-taSi 
Dtefn-componnds,  diaeorend  bj  Pronat,  but  aiaee  ahown  b;  Mulder  uid  oUm>  to  I 
Melj  impure  leucine. 

AVOTKSM.  A  term  applied  by  Beneliui  to  the  ioaoluble  brown  d«pa*it  vEn 
rma  in  regetabte  eitncla  when  nxprned  to  the  air.  It  ii  not  a  definite  euuiwae 
It  •  mixtxm  of  HTeraJ  robetaacee  la  a  atate  of  dreompontioa,  and  thaiafata  of  tb 
jiable  conelitution.    (See  Dbo^t  and  FDrurimciB. ) 

APKUV*  A  compariaon  of  nriona  wrta  of  applea  and  pean,  with  regaid  i 
ledfic  graTity  and  amount  of  water  aad  add  in  Rejoice,  haa  been  made  byScholi 
.  pr.  Chem,  Mi  207).  The  reaultj  Ta^  greatly  according  te  ipaaou,  elimat*,  u 
il;  but  the  general  concloiioDs  ue  aa  follows:  — Tbe  apecifie  grsTity  of  the  fin 
nit  TariFi  from  072  to  0-ei.  The  frnita  coatAin  between  13  and  21  p«ir  cent,  of  di 
butanee,  of  apeciflc  gravity  aboTe  1'4.  The  Juice  of  20  kiada  of  applea  bad  s  apeof 
viitj  between  1-020  and  1-027  ;  in  two  raneliet  only,  it  wai  found  to  be  betwv 
033  and  1-037.  The  odd  in  the  jaice.  estimated  ai  tartuie  acid,  amoantni  1 
itween  D-4S  and  I'lS  per  cent.  In  Wnrtemberg.  the  ipedflc  gravity  of  the  jniee  •. 
iplea  and  peara  riaes  la  warm  aeaaoni  above  I'OSO,  and  even  approaches  l-OW,  tli 
noantof  ffea  add,  eatimated  aa  tartaric  add,  nujing  from  O'l  to  1-2  per  csnL,  u 
at  of  lagar  frnm  4  to  10  per  cent 

APn.B-TaBm.  iPyrui  Afo/uj.)  — The  ash  of  the  branch  of  an  apple-trae  ran 
ined,  aiUr  dedacting  the  cubonic  add,  in  100  pts, :  IS'24  potsah ;  O'tS  toit 
'60  lime;  7'46  magneeia;  2*41  ferric  phoaphale ;  4'IS  phosphoric  add;  0-4£  chl-- 
le  of  sodium;  0-93  Hulphnric  add ;  audl-SlDlic*.  (Frsaeniaa,  Handw.  d.  Chen 
'  Anfl.  i.  171.) 

AnKS-OZ&.    JV(i/Di&.— A  yeliowiah   c 
ihter  than  water,  haa  a  ydlowiah-grey  co!       .  ^ 

0°C.,  and  diatila  completely;  buraa  with  a  alightly  fitligiiiaiis  flame;  diaaoln 
arinffly  in  water,  but  readily  in  alcohol  and  ether.  CoDtaina  84-16  per  oent.  cntn 
■$i  hydrogen,  and  15-20  oxygen.  Forma  a  cryatalline  compound  with  hydroehkii 
id,  but  ia  decompoaed  by  chlorine.  (Hand*,  d.  Chem.  2'*  Aufl.  L  172.) 
AmbS-OZK  (ABTmozjLK).  Tbia  name  ia  given  to  a  solution  of  Talent 
amyl  in  0  or  7  parta  of  alcohol,  which  haa  the  amell  of  ^iplea,  and  ia  naed  aa : 
rfnme.     (Hofmann,  Ann.  Ch.  Pharm.  IxixL  87.) 

Arwmrra.    Siberits,  ButeBiU,  Bed  tewnaUnt.    See  ToraKUnn. 

A<t1>'A  WOttTSM,    This  name  ia  given  to  a  weak  and  impore  nibic  add  oommonl; 

Bd  in  the  art*.    It  ia  diatingaiahed  by  the  terma  dovUf  and  linglt,  the  single  hsfiiu 

ly  half  the  atrength  of  the  other.    The  artists  who  uaa  these  adda  call  the  mar 

ncentrated  add,  which  ia  mnch  stnngor  even  than  the  donble  aqua  fortio,  api'rtf  ^ 

(re.    (See  Nmuo  Aqd.) 

jmPAWftmnrm.    Sea  Baxn. 

AQVA-KMVZA  or  XWUB.    A  mixture  of  nitrie  and  hydioeblorio  add.  ai 

lied  from  itj  laopert^  of  disBolviDg  the  noble  metals,  gold  and  platiniim.     (Sn 

TBO-BTDBOOBUIBIO  Acn>). 
AQVAbTXTiKi     Ardent  b| 


AQVIKA  JUbSA,  KmOATA,  OIBIWiTXB,  XMBOUmZZ.     Ajl  olduBiB« 

r  Bubchloride  of  mercuiy  ;  also  nteivtiriia  duieit,  or  mtU  imiriaU  of  pitnurf. 
A»BIC  (OmC)>    This  gun   exudes  apontaneoaalj  from  aeretal  sprcieB  oi 
ida  (^Aeacia  vira,  A.  araUea)  &c.    It  was  formerly  imported  into  Etni^  from 
;ypt  and  Arabia,  bat  ia  now  obtained  chiefly  from  Seneg^    The  coarser  sod 

XTarietiM  moatly  oaed  by  calico  printera  and  othtt  mann&ctnrora  are  known 
lame  of  gnm-senegaL    (See  Om.) 
ASABZW.    The  principal   constituent  of  pun  anUe,  ID  wbieh,  aceardiss  to 


AB  ACHYL  —  AEBC  Iffl. 

■a  wMo  ■■  the  flowon  fade.    The  seeds  ronUin  abont  half  their  wei^t  of  b 

rth-nut  oil  {ItttS*  iTaraMU,  Auilt  dt  oittacht  de  Itnt,  ErdiamST),  which  i 
:ted  from  them  bj  preanre.  The  cold-prpmed  oil  u  dpotI;  coloarlest.  baa 
agreeable  odanr,  and  ma;  be  used  for  eulioai?  ponraew  instead  of  oliTe  r-il 
t  becomea  randd  more  qoiokly.  The  vann-preaaea  ail  ia  cotoored,  and  lia 
B»eable  taste  aad  amell.  The  eold-pressed  oil  hia  a  deoaitj  of  0-91S  at  60*  C 
ilidiflea  at  ~  3°  C.  When  it  is  exposed  for  some  time  to  a  temperaturB  at  *  tf 
i  fit  reiembliDg  stearin  separates  from  it.  It  disaolrea  but  spsjingl^  in  iIeoIic. 
readily  in  ether  and  essential  oils.  It  supODifles  alowlj  when  boikd  with  aait 
fielding  a  hard,  white,  odoorless  so^  which  is  monulkotured  in  France,  ami  i 
extent  also  in  Germany.  Thia  sosp.  when  demmpoeed  by  the  atronger  add 
I  two  peculiar  &t-scids,  to.  arschidie  add,  CE'D',  befongiiig  to  Uie  wrrj 
■0-,  and  bypogeie  acid,  CH^O",  belonging  to  the  olrio  add  wriea,  OH^-"*. 
BB  a  large  quantity  of  palmitic  add.  The  oU  consists  therefore  of  aradus,  hypi 
and  palm' ' 


LKOXBMS  (from  Sfaiat,  ran  and  iim.  gneat).  —  A  variety  of  ranadale  ( 

in  which  a  considerable  portion  of  the  lud  in  replaced  by  ainc,  giriii~  th 
ilaS(Pb;Zn)"O.VO'.  Ton  Kobell  found  487  per  cont.  oxide  of  lead,  and  16  3  i- 
oxide  of  line.  The  miiieml.  vhich  was  formerly  mistaken  for  cbrumat«  of  1»» 
ind  in  clfflii  of  a  bed  of  saadstone,  st  Duhn  in  the  Eheinpfalz.  It  fora 
oidal  crjutalline  maeee*,  eihibiling  oi;  [lie  fracttaw  trsoM  of  nidi»tinf  etractun 
IT.  duk  red,  inclining  to  brown  ;  sligbtly  tiauslncent.  Streak,  light  jeUoi 
nees  3.  Helta  qnickjy  before  the  blowpipe,  with  intumsceiice.  The  poviL 
Tt  1.......  mth  hydrochloric  acid.     (See  Ko boll,  J.  pr.  Chai 

ia  the  produce  of  the  Canarimn  Sbtm 
a  belonging  to  the  nBtoral  order  Tertbiiitkacea,  which  growa  in  the  Fhillipic 
la ;  the  reain,  which  is  need  by  the  n&tiTea  for  caulking  their  canoes,  ia  greyu 
r,  aoft^  glutinooB,  and  has  a  atrong  agrsBabla  odour.  Aocordine  to  Bonastr 
harm.  x.  IfiB)  it  contains  in  100  pte.  61-3B  pta.  of  resin,  Tery  sohible  in  ahnhol 
of  ream,  sparingly  soluble  in  alcohol ;  6'Sfi  easentiBl  oil ;  052  free  add ;  Of 
'extractiTe  matter;  942  woody  snd  earthy  impnritiea  Baup  (Ann.  Ch.  Pbji 
EiL  lOS)  has  obtained  from  it  four  diSerent  cr^talliaable  subatancea.  tie.— 
u/rin. — Insolnble  in  water,  sparingly  soluble  in  cold,  easily  in  hot  alcohol,  eaxil 
n  ether,  wheuFo  it  c^itallisefl  in  satitiy  flbrea,  having  a  strong  lustre.  Melts  i 
C.  Contains,  according  to  Dnmiut,  Sfi'3  ^  cent,  eanion  and  II-7  hydrogen,  an 
hapB  identical  with  crj^stallised  elemi-Tcain. 

ndin.— Crystallises  in  Cranapaieitt  rhomboTdal  prisau  of  102°  and  7B°,  terminate 
or  aided  pyramida.  Diesoivea  in  260  pts.  of  water  at  10°  C.  mocli  mote  abu 
f  in  hot  water;  easily  in  alcohol,  sparingly  in  ether,.  Thv  oystala  bcowi 
le  at  a  gentle  heat,  melt  at  a  temperature  a  little  above  that  of  boiling  vale 
mblime  nndecomposcd  at  a  higher  tempelatore,  yielding  a  alightly  pongei 
IT  which  excites  coughing. 

•in, — Insoluble  in  water,  soluble  in  70  pts.  of  Sfiper  cent,  alcohol  at  20°  C;  mor 
le  in  absolute  nlcohol ;  very  soluble  in  ether.  When  slowly  ciystalliaed  fcnm  & 
alio  eolation,  it  forms  transparent  rhomboidal  prisms  of  about  70°  and  110° 
nated  by  dihedral  snmmits  whose  &cee  meet  at  about  30°.  By  rapid  eoolini 
lar  crys^  are  formed.     Melta  at  187°  C.     Nsatral. 

yoiifiN CiystalliBes  from  water  in  whita  aiU^  filaments.     Has  a  sli^hliy  bilte 

aiming  taste,  and  when  heated  gives  off  a  vapour  which  excites  coughing.  Malt 
i°  C.  b^pns  to  volatilise  before  melting,  and  sublimes  in  colourless  needles.  Spar 
soluble  in  cold,  much  more  in  hot  water,  vuy  easily  in  alcohol  and  ether.  Th 
<us  solution  is   neutral  to  teat-papar,  but  predpitatea  aeatat«  and  aabaeetat 


I  are  anilied  to  the  arboreacent  metallic  predpitatea  formed  b;  lb 

)  metal  m  solutian  by  another,  e.g.  lead  by  (iii& 

tamnv.  A  crystalline  substance  diacoveied  b;  Eawalier  (Asn.  Ch.  Phsnr 
,  241 ;  Ixxxiv.  3fi6)  in  tho  leavea  of  the  red  bear-beir;  {Jbvtottaphyto*  Ui- 
.  The  aqueoua  in^aion  of  the  leavea  fonns  with  neutral  acetate  of  lead 
w  precipttata  containing  gallic  add;  the  filtered  liosid  freed  from  esceas  i 
by  hymosnlphuric  add,  and  then  concentrated  to  the  consiirtetHM  of  a  lyvf 
its  eryitala  of  arbntin,  which  may  be  purified  by  pmaun,  solntjon  ia  bialiu 
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wutor,  mnd  treatment  with  animal  charooaL  Arbatin  fomis  groaps  of  odonrieas 
l>itt4«r  crystalfli  which  are  sohible in  water,  alcohol,  and  ether;  the  aolntionB  are  neutral 
to  t4«t-paper. 

When  heated  it  melts  and  giTes  off  water  of  artalliaatioo.  Ita  aqaeons  solution 
doea  not  form  any  precipitate  with  ferric  salts,  or  with  acetate  or  subacetate  of  lead. 

A  solution  of  arbutin  mixed  with  emulsin  (extracted  from  sweet-almonds),  and  left 
for  some  days  in  a  warm  place,  acquires  a  readish  tint,  and  leaves  when  evaporated 
over  the  water-bath,  a  rwidish  brown  residue,  from  which  ether  extracts  arctuvin, 
und  leaves  a  quantity  of  insoluble  saccharine  matters.  This  decomposition  of  arbutin 
isi  represented,  according  to  Kawalier,  by  the  equation : 

Arbutin.  Arctutin.  OIucom. 

(•ut  accowling  to  Gerhardt,  by  the  equation 

C'»H«0"  «  C"H»«0«  +  C^»K)« 
Arbutin.  Arctuvin.         Glucose. 

Kawab*er*s  analysis  of  arbutin  gives  62*4  per  cent  carbon,  and  6*1  hTdroeen.  Hki 
tVirmula requires  62*4  C  and  6*0  H ;  Gerhardt's,  54*2  C  and  6*5  H.  (Gerhardt,  TnitS, 
tv.  266.) 

See  Gi^kSBBm. 


or  OXSBXUbB.  A  fine  purple  dye  obtained  from  various 
ii|H.'cie8  of  lichen.  There  are  two  varieties,  called  in  France  oraeiUe  de  mer  and  orteilU 
dt  terre.  The  former  is  obtained  from  various  lichens  of  the  genus  Bocella  growing  on 
the  rocW  coasts  of  the  Azores,  the  Canaiy  and  Cape  de  Vera  isles,  also  of  the  Gupe 
of  Good  Hope,  Madeira,  Corsica,  Sardinia,  &c ;  the  latter  from  Variolaria  oreina^  from 
Auvergne^  Variolaria  dtalbata^  from  the  Pvrenees,  Lecanora  tartarea,  from  Sweden,  and 
others.  None  of  these  lichens  contain  the  colouring  matter  ready  formed,  but  they 
(*ont&in  certain  colourless  acids,  crythric^  Ucanoric  acid^  &c,  which  are  susceptible 
ot'  transformation  into  a  colourless  neutral  body  called  ordn  {q.  v.) ;  and  this,  when 
acted  upon  by  the  air  and  by  ammonia,  changes  into  a  purple  substance  called 
orcein^  which  is  the  colouring  principle  of  archiL 

To  prepare  archil,  the  lichens,  after  being  ground  between  stones,  are  rubbed  up  to 
a  thin  paste  with  water  and  putrefied  urine  or  carbonate  of  ammonium,  and  left  to 
ferment,  with  addition  of  quick  lime,  a  small  quantity  of  alum  or  arsenious  acid  being 
sometimes  added,  perhaps,  to  prevent  the  fermentation  from  going  too  far.  In  a  week, 
a  violet  colour  is  obtained,  which  becomes  brighter  in  a  few  days  longer.  When 
earbonate  ol  potassium  or  sodium  is  added  to  the  lichens  as  well  as  ammonia,  a 
diderent  change  takes  place,  and  a  blue  colouring  matter  called  Litmus  is  obtained, 
ivhich  is  never  produced  by  the  action  of  ammonia  alone.    (See  Litmus.) 

Dyers  rarely  employ  archil  by  itself^  on  account  of  its  deamess,  and  the  perishable- 
no  h8  of  its  beauty.  The  chief  use  they  make  of  it  is  for  giving  a  bloom  to  other 
cnlours,  as  pinks,  &c  This  is  effected  by  passing  the  dyed  cloth  or  silk  throush  hot 
water  slightly  impregnated  with  the  archiL  The  bloom  thus  communicated  soon 
decays  upon  exposure  to  the  air.  The  addition  of  a  little  solution  of  tin  gives  a 
durable  d^e,  the  colour  of  the  archil  being  at  the  same  time  changed  toward  a  scarlet, 
and  becoming  more  permanent  in  proportion  as  it  recedes  the  more  from  the  natoral 
tint. 

Prepared  archil  veiy  readily  gives  out  its  colour  to  water  and  to  alcohol ;  it  is  the 
substance  principally  made  use  of  for  colouring  the  spirits  of  thermometers.  As 
exposure  to  the  air  destroys  its  colour  upon  doth,  so  does  the  exclusion  of  the 
air  produce  a  like  effect  in  these  hermetically  sealed  tubes,  the  spirits  of  large  ther- 
mometers becoming  in  a  few  years  colourless.  The  Abb6  NoUet  observes  (in  the 
Memoirs  of  the  Acad^mie  dee  Sciences  for  the  year  1742)  that  the  colourless  spirit, 
upon  breaking  the  tube,  soon  resumes  its  colour,  and  this  for  a  number  of  times  succes- 
sively ;  that  a  watery  tincture  of  archil,  included  in  the  tubes  of  thermometers,  lost  its 
colour  in  three  days ;  and  that  in  an  open  deep  vessel  it  became  colourless  at  the 
bottom,  while  the  upp^  retained  its  colour. 

A  solution  of  archu  in  water,  applied  on  cold  marble,  stains  it  of  a  beautiAil'violet 
or  purplish-blue  colour,  far  more  durable  than  the  colour  which  it  communicates  to 
other  bodies.  M.  du  Fay  says  he  has  seen  pieces  of  marble  stained  with  it,  which  in 
two  yean  had  suffered  no  sensible  change.  It  sinks  deep  into  the  marble,  sometimes 
above  an  inch,  and  at  the  same  time  spreads  upon  the  surface,  unless  the  edges  be 
bounded  by  wax  or  some  similar  substance.  It  seems  to  make  the  marble  somewhat 
more  brittle. 

There  is  a  considerable  consumption  of  a  variety  of  archil  manufactured  in  Glasgow, 
[t  is  much  estitemed,  and  sold  by  the  name  of  cudbear.    It  affoids  very  beautiful 
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ARCTIZITE  —  ARG  YRITE8. 

m  on  iilk«,  of  Ttriotu  ili«dea,  from  pink  and  crimBon  h>  k  bright  n . . 

h  Hre  (Hid  to  be  my  prrmuislit-— U.  (See  Ut€i  Dictionary  of  Ar It,  Mana/aelwi, 

Mina,  i.  175.) 

KOmzTiL    8m  WannaiTB. 

BCTOSTAPBVXOa  WA  VtUU.  Tbe  batr-itrry.  — 
h  growB  vild  in  the  moontaiDoiu  pstt<  of  EogUnd  md  ScotUnd.  and  in  the  north  of 
ipe;  It  pouesses  BtrongW  astriiigeiit  propattlM.  Tbe  letves  boil«l  vithTaterjiri^ 
uid  which  coDtum  tArinic  add  and  aWgeqiiaiititf  of  gallic  acid,  andmtythati-jrt 
■rd  for  nuking  ink.  Tha  MDU  decoctioa  coataiii^  according  to  KavalicT.  (Ann. 
Phann.  lux.  3£6)  aibntjn,  aogar,  ericolin,  a  roiDoiu  luhataocfi,  wax,  &t,  ehli>n>- 
[,  vegetable  flbie,  and  a  bodTresenihling  emnlain,  vhieb  haa  the  power  of  indnan- 
janmbnnation  of  arbntin.  The  reain  maj  be  aepanted  from  the  macher-Iiqiuir  i4 
irepatation  of  aibntu,  bj  heating  it  *>th  hjdioeldorie  acid.  It  ia  brittle  oeai^j 
t,  daA  brown  iAm  tritonlion,  and  ia  aaid  to  eonaiat  of  C<*H"0>,  perii^a  taths 
:"0*.  Beddea  theae  aubatancea,  H.  Trommadorff  fChem.  Oai.  IS63,  p.  Sl)also 
d  in  the  learea  another  ciTBtalliaable  aubstance  whidi  could  be  ezbacted  bj  i  ibrr, 

MWUVtM  ii  deposited  bj  erapanling  the  ethereal  aolntion  of  the  bnm 
ine  obtained  hj  the  decomposition  of  arbutin  (p.  3G4),  in  cotourlesa  oTitalr, 
h  are  purified  hj  RQ^vtalliaation  from  water.  aJeohoI,  and  ether,  with  the  aid  ol 
lal  cbarcoaJ.  It  forma  long  [irianu,  which  axe  bitter,  fluibla,  and  inaj  be  anblinwJ 
I  cantiooalr  healed.  It  containa,  according  to  Kavalicr'a  analjaia,  04 '4  C  au.l 
L  The  formula  CH^'  lequirea  64 -fi  G  and  Bi  H.  Gerhardt'a  formnX 
!'*0',  requires  6S'4  C  and  St  H.  If  eeei^uichloride  of  iron  be  add^  dmp  hy  drop, 
n  aqneooa  aolntion  of  arctarin,  the  mutore  aaeiunee  a  blolsli  tint,  ffidiailj 
ging  to  grain.  With  a  lolation  of  anbacftate  of  lead  containing  a  little  anunonis. 
iTin  fbiroa  a  while  predpitale,  which  coon  tnma  brown.      ArctnTin  nioiatm»i 

ammonia  and  expoead  to  the  air  gradnaUT  forma  a  black  anbatuoce,  whirSi 
slier  calls  arefumn  ;  it  containa  US  C,  3-0  E.lI'SIf,  and  4B-S  O.  (Oerhardl, 
ti  i*.  288.) 

kSCA  WITTS,  the  frnit  of  the  areca  palm  (^Anca  eattehu,  £.),  contain,  u 
r  chief  conEtitoents.  catechu,  a  rarietj  of  tannic  acid,  and  gallic  acid,  togethrr 

acetate  of  ammooium,  fata,  oil,  gum,  nitrogenous  flnbatancsi,  and  a  dye  called 
i-rtd,  which  is  of  a  brown  colour,  without  taat«  or  smell,  inaolabls  in  oold  water  and 
Iber,  soluble  in  boiling  water  and  alkaline  liquids,  whence  it  mar  be  precipitated 
ada.  Boiled  with  nitric  acid,  it  yields  oxalic  add.  (Morin,  J.  Pbarm.  *iii,  449.) 
See  Bfidoti. 
e  giTen  by  Laurent  to  a  product  of  the  decompoailian  tt 
ide  of  cacodyl  by  alcoboTie  potash.  (See  Aasnnc-BaniCLZs,  Oftoaxic) 
UTVrXBmaMTTM.  A  ferruginous  variety  of  faombleDde.  Colonr  bladL 
rage-faces  much  mors  brilliant  thua  those  of  hornblende,  which  scratehei  it. 
Ific  gravity  3'41.  Melte  even  in  the  flame  of  a  candle :  boils  up  stronoly  b«fon 
jlowpipe,  and  yields  a  black  magnetic  glolmte.  Not  soluble  in  acids  or  in  nin»tic 
sh.  Ita  composition  miiy  be  represented  by  the  peneml  fumiulii  Si'M"0"  = 
3.SSiO*.  A  apecimen  from  Grpenlnnd,  ajialysed  by  Kobell  (J.  pr.  Chfin,  xiii.  Z) 
led  leaultj  agtwing  neuly  with  the  tbrmula  (lSFe0.4Na>O.CaO).24SiO<. 

aiO»      FeO      UaK)      C»0     MgO     MnO     AI'O"     CI 
ilysis    .  .  49-27    38-12      S-QD      IfO      0-41      D-fl3      3-00      0-24  -  98-17. 

illation ..  (2-33     36-93      8-77      1B7 -  100-00. 

MAX  or  AXOOX.  The  commeidal  name  of  cmde  tartar  in  the  state  ii 
h  it  ia  taken  from  the  inside  of  wine^casks. 

MIWTAV-    Syn.  of  Nickel-silver  or  Oennan  silver.    See  Nicxn, 
UamXTAXamWTTfm,    A  metallic  ammoniiun-radicle   (p.  ISS),   MmtwninK 

silver  in  place  of  hydrogen.  lU  oxide  (NH*Ag)*0  ia  commonly  ojled /ii/BUNaf- 
lilviT.     (See  Su.»Ba.) 

tMMMTIMM,  A  >cbiefet>.apar  mixed  with  silica,  found  at  Southampton  and 
iamaborgh,  in  HaaaachniHeta.     (See  Cai/CSPaB.) 

KOMM'fUlM  nMVMMM  OF  AHTEMOTfTi  An  old  name  of  tatrrside  if 
nony,  or  antimonate  of  antimony  (p.  324 ). 

Syn.  arSli.V«B-auUICrB. 
.    See  ALmnm  and  Cut. 
8m  LKan-oiiDB.  —  MMmWMBW.    See  SiLns-OLanoK 


ARNICINE— ARRAGONITR 

:eJ  with  nilrio  od.L  The  oi!  from  the  roolB  hu  ft  8f«ciflc  gnritj  of  0-M  to  9« 
■  wiuc-yellow  to  brawniah  jfUow  colour ;  dinolvn  in  2  pU.  of  kleobol  of  ftdl 
i^  O'Bfi,  and  in  nil  proportionit  of  Blawlnte  ileobol.  and  bennnca  naeid  *hi 
«d  with  nitric  add.  Both  oils  have  a  slifj^t  acid  reaction.  (Zeller,  "atodii 
JithehBche  Oele,"  I^ndao,  IBfiO.) 

A.  bitter  priDcipIe  id  the  flow«n  of  the  Arnica  jnoHtana, 


XQVMXXTB.  A  ailrer  amalgam  from  the  mtnea  of  ArgamM  in  Coquimbo.  Cbi 
BK&OX.  A  apirit  obtained  by  fermenting  infnsiau  of  ricr.  Iii  Cfjloa  it  iiol 
■d  &om  cocoa-nut  toddj  (palm  wine). 

KXAOOMITM.  Ehombie  Carbonatt  qf  Lmt. — Thia  minerul,  which  deriTa  it 
9  from  the  locolit;  where  it  waa  fint  fimnd,  vii.  in  Arragon,  OCcon  WKDetiniM  -. 
lar  CTfitala,  aomelinies  in  flbrooa  or  radiated  rryitjUlioe  maasea,  aometimt*  u 
sic  or  aiDter  from  hot  calcareoos  apringa. 

le  erjetala  belong  to  the  trimetnc,  rhombic,  or  right  prismatic  ajat^m,  aod  ar 
red  from  ■  right  rhombic  prism  with  angles  of  116°  16'  and  63°  44'.  ezhii'itiii 
directions  of  diatinct  cleavage  parallel  to  the  tucta  of  this  priam.  TwiD-<TTNIal 
&eqnentlj  occur,  likewise  globular,  reniibrai,  and  botrjoi'dal  maaaea,  aometiiun 
nnar,  composed  of  straight  or  dirergent  fibm. 

le  cryatala  of  airagonite  are  seldom  colourlesa,  mostly  exbibiting  a  nrietj  o 
i»i  jellowiah,  greeuiab,  reddish,  brown,  grer.  &c.  They  have  a  Titlttwa  lustrF 
the  powder  eiCbita  phoaphorescence  on  a  plate  of  hot  iroo.  SpectSc  gnritj  ii 
pulvenilent  stale,  and  when  &ee  &om  ait,  from  2-92  to  3-8  ;  lai^er  masai  i  km 
lionally  a  apeciflc  grsTity  as  low  as  277-  HudnrH  abont  from  3-fi  to  4. 
yetals  i^  anagomte  are  found  in  yarions  loculities ;  in  clay  and  gjpram  ii 
gon :  in  clefts  and  caTitiea  of  the  newer  volcanic  rocks,  especially  of  basalt,  as  ii 
I  in  Bohemia,  in  Hungary.  Scotland,  the  Feroe  lalra,  &c. ;  also  in  tbe  dolcritc  or 
Kaiaaratnhl  in  the  Breiagan ;  in  gceiaa  and  ayonite  near  Dresden  and  in  Jianh 
rica ;  in  tbe  lava  of  Etna  and  TesuvioB,  &c.  Badialtd  arragoniit,  which  form< 
a  mimnm  baring  a  radiated  structure,  is  found  chiHIv  on  the  Eaiacretubl  in  1ti< 
igau.  at  Qergorie  in  AnTergne.  and  in  Scotland.  F'/H-oaa  arraffmilt,  tmn-blnvn- 
nt/erH,  occura  in  globular,  kidnej-ahaped  or  et^Bctilic  maaa,  having  a  fibi^u*  " 
aai  teztore.  and  a  mother-of-pearl  luatre.  It  is  fbond  in  veins  of  trr^n  on-  U 
ithia  and  Styria,  Hongarj-  and  Tranaylvania.  SprudtUtHn.  a  fibrous  variirtv  •  I 
mate  of  calcium  deposited  from  hot  ndcoreoua  aprings,  containa  both  ameoni'- 
Balcmar.  Moantain  milk,  Rock  milk  (Ber^mihh,  Chaux  carboitatti  ptilvinAil'l 
^cording  to  H.  Rose,  amgonita  mixed  with  cbslk;  it  occurs  in  thick,  sppu^v, 
liar,  or  kidney-ahaped  masaes,  or  aa  a  deposit  in  limpstono  caritiea  in  Wnrton- 
,  Switzerland,  Bohemia,  and  other  loealitifs.  Bpeciflc  gravity  2-73  to  2-82.  It 
una  tracee  of  organic  matter,  and  leaves  a  amall  quantity  of  charcoal  when  i^riui,-iL 
close  veaseL  Friabit  aphrile  {Schaumkaik,  Schaumtrde)  waa  formerly  anppoee.i 
I  a  varie^  of  calcspar,  but  has  been  shown  by  Qnstsv  Rose  to  b«  anafjoiiiir, 
lo-morphosed  in  the  tbrm  of  gypsum.  It  ocean  sometimes  in  the  form  H 
nm-crystals,  aometinies  as  a  crystalline  or  Umiaar.  white  or  jellowish- white  mam. 
cryatals  exhibit  a  strong  nacreous  lustre  on  the  cleavage -facts.  I^  Bpe<ri£c 
[ty,  afler  thorough  boiling  with  water  to  free  it  from  air,  ia  29S.  Aim  or  o^^nw 
mineral  resembling  mountain -milk,  extensive  formatioua  of  which  aie  fimnd  in 
liem  Bavaria,  where  indeed  it  forms  a  subsoil  many  feet  in  thicknesa.  Oit*oco&i 
ilnvclutrin)  is  a  carbonate  of  calcium  mixed  with  aand  and  oieanic  remaiiu, 
h  collects  round  decaying  roots,  and  takes  their  peculiar  forma ;  it  is  ftMUul  in  tho 
ibourhood  of  Berlin.  Its  specific  gnvity  ia  2'B2.  It  exhibit^  under  the  miav- 
I,  the  form  of  arragonite  mixed  with  (granular  massesi 

ragonite  consists  of  carbonate  of  calaum,  CO'tJa',  or  CnO.CO',  sometimee  pni^ 
time*  mixed  with  small  qoautitiee  of  the  isomorpboos  compound,  carbonal* 
lontiam,  which,  in  tbe  arragooite  of  Molina,  amounta  to  4  per  cent. ;  amall  qun- 
of  the  carbonates  of  magnesium,  manganese,  iron,  &;.,  bm  also  wwasiooally 
I  in  it.  A  peculiar  variety  called  lamovil:ilr,  from  Tamowili  in  Upper  Siltaia, 
una  3'86  per  cent  of  carbonate  of  lead.  The  chemical  properties  of  arragonite  are 
tisJly  tbe  same  as  those  of  carbonate  of  calcium  in  ita  other  fonns;  dilate  adds, 
ver,  set  apon  it  less  quickly  than  on  ealegj>ar,  to  that  when  a  mixtnre  of  «>]espar 
irragonite  is  immersed  in  a  very  dilute  acid,  a  residue  of  arragonite  is  obtained 
a  while. 

rbonate  of  caleiam,  in  its  two  forms  of  caJcspar  (rbombohedtal),  and  arragonilf 
nbicorright  prismatic),  exhibits  one  of  the  most  striking  examples  of  diner- 
Di,  Ibat  is  to  say,  of  the  same  chemical  compound  cryftalUting  in  two  bmi*  b*- 


iO  ARSENIC. 

Otcarretiei. — Arienic  is  found  natiTe,  bat  mndi  more  frequcnUj  BHoeiated  tii' 
tier  metula  and  with  ralphar.    The  ores  from  wbich  it  ii  prepared  on  the  lu^  x^- 

a  principal  prodnct,  in  the  form  of  metaltic  arsenic  or  aneaioaii  oxidf,  sre :  natir 
tenic.  As ;  arimieai  in>n.  two  ipeciea,  FaAa',  and  Fe'As* ;  sod  (irMnii«l  prnlw 
lAfl*  +  FeS*.  Metallic acsenie  and  arHniotu  oiide  are  likewise  obtained  aa  »rc">)'Ur 
[>dacts  from  tmaJiine,  eloaniUlt,  arnmecU  eoball,  cebalt-gUmee,  nicirl-gUaiet,  a^frr 
;kd,  artmuat  nicktl,  arttnical  falit-erft,  and  other  oim  of  similar  ehancter. 
These  inenieal  ores  are  foond  mon  or  len  abandantlv  in  Turimu  parti  of  tb< 
)rld,  bnt  chiefly  in  the  mining  districts  of  Oermany  and  in  the  Spanish  pforiciv  n 
italonia.  Id  imall  qnsntitiea,  anenic  is  very  widelvdiSiurd,  being  foimd  in  t7> 
rniginooa  depoiita  of  mioeral  waten  (Will,  Ajtn.  Ch.Pharm.  Ixi.  192);  in  oe^rl;  nl 
>noreB(WalcliDer,iUd.  209);iiitheTanaiukicdsofpyntM,BndiDaatiresulrhm 
sace  alsi)  it  is  almost  always  foond  in  Bulphnric  acid,  and  in  nnmenma  chemical  au' 
larmaceutical  products,  in  the  preparation  of  which  solphnric  scid  is  tued.  Id  ^birn 
senic  in  small  quantities  is  one  of  the  most  widely  diShsed  substances  in  nalur' 

was  said  by  Orfila  (J.  Chim.  mid.  xt.  462,  632)  to  exist  also  in  the  boim  u< 
osclea  of  m«n  and  animals  in  a  state  of  health ;  bat  the  experimenta  of  other  clknm^I 
iTe  shown  this  statement  to  be  erroneoos. 

Preparation. — Metallio  anenic  ia  obtained  on  the  IscKS  scale  by  bfating  nsl:'- 
«enide  of  iron,  FeAa'  or  Fe'Aa*,  or  areenical  pyrites,  Fe'As'S",  in  eiiriheD  lol-eii  ■. 
lorti:  the  whole  of  the  arsenic  then  sublimoa,  and  iron  or  prDtosulphide  of  jr-i 
eS)  n-nuiDS  behind.  The  ntorta  are  laid  honumtally  in  a  Ion);  furnace,  a  lab 
ode  by  rolling  np  a  piece  of  thin  iron  plat«,  is  inserted  into  their  months,  and  i 
irthen  receiver  luted  on.  The  arsenic  condenses  chiefly  in  the  iron  tobe,  in  the  ftwr 
'  a  coherent  internally  crystalline  mass,  and  whcc  the  tube  has  cooled,  la  detached  t> 
iTollina  it.  The  araenic  thus  obtained  is  purified,  if  necessaiy,  by  a  seoond  anblinu 
3n.  The  metal  is  also  prepared  b;  heating  anenioua  oxide  with  charcoal  in  earth-- 
ucibles,  tnrmonnl*d  by  inverted  cmciblea,  or  by  conical  iron  caps.  This  is  111 
xxem  adopted  at  Altenberg,  in  Silesia.  It  is  more  productire  and  economical  tlu 
m  former,  bnt  the  metal  which  it  yields  is  grey  and  pulreruleiit,  vhenraa  thr  form' 

compact  and  nearly  white.  Arsenic  may  abo  be  obtained  from  its  suljihictn.  h 
jsting  those  compounds  with  a  mixture  of  charcoal  and  an  alkaline  carbonate  < 
ranide  of  potaflsinm.     (Kerle'a  Hiitteuknnde,  iii  4.) 

PropertUi. — Atseoic  is  a  very  brittle  metal,  of  a  steel^grey  eoloor.  Its  specif 
■avity  in  the  solid  state  ia,  according  to  different  obserceia,  between  5'62  and  S-9i 
apour-drasitjr  _  10-3»efi  (air  ~  1).  or  IfiO  (hydrogen  -  1),  wbich  is  donhle  tt 
omic  weight ;  hence  the  atomic  Tolume  of  arsenic  Ti^ur  is  onomalotui,  beiiig  on! 
ilf  that  of  hydrogen.  (See  Atokio  Voldkz.)  Arsenic  crystallisea  in  rhomboliedmci 
omorphous  with  tellnritun  and  antimauT.  It  rnlutilises  at  a  doll  red  heat,  vith><i 
:«Tions  fusion,  emitting  a  characteristic  diaagreahle  odour  resembling  that  of  c^rii 
s  physical  properties  lary  considerably  with  ths  manner  in  which  it  is  eiiliKBw 
'hen  very  strongly  healed,  or  when  it  condenses  on  a  part  of  the  subliming  aj'^'wlo 
le  temperatore  of  which  is  bnt  little  below  that  at  which  arBenic  *i^tali<eti.  i 
lat  the  metal  is  deposited  in  an  atmosphere  of  its  own  Tsponr,  it  ooDdenso  iu 
>mpscl^  neariy  white  maaa,  having  a  strong  metallic  lustre.  This  compact  r.rHni 
arecly  oxidises  in  the  sic,  even  when  pulverised  and  exposed  to  a  tampL-ratm 
'  80°  C.  Sach  is  the  condition  of  the  metal  obtained  by  heating  anenioJ  pt-riln 
rhen,  on  the  coatraiy,  the  aiseoic,  as  it  paasea  into  the  gaanma  form,  laiximi 
lixed  with  other  gases  (as  when  it  is  reduced  bma  atseuiooa  add  W  chu^nal).  o 
ben  it  is  deposited  on  the  colder  parti  of  the  mbliming  appantnSi  it  solidifitw  in 
irk  grey  cryetalHne  powder,  leBB  dense  than  the  preceding  and  oxidising  residily  i 
le  air,  especially  when  heated. 

Natiue  artinic  forms  botiyoidal,  kidney-shaped,  spherical,  and  ranchoidal  Dassii 
irvIng  in  texture  &om  fine-grained  to  compact ;  loss  frequently,  indistinct  riiombi: 
Biiral  crystals.  In  the  recent  state,  it  haa  a  light  lead-grey  colour,  bnt  soon  becooic 
■eyiah-black  by  exposure  to  the  air.  In  ita  chemical  prcjiertiea,  it  resembles  s^tiS 
ally  prepared  arsenic  It  is  found  in  various  lnca1itir«  of  tho  Saxon  and  Bohemia 
ining  districts,  at  Andreasberg  in  the  Han,  at  Kapnik  in  Transylvaais,  Kongibet 
I  Norway,  and  aevenJ  places  in  the  United  States  irf  America. 

Arsenic  forms  two  principal  series  of  compounds,  analogans  to  those  of  anUmony  an 

boephoms,  vii.  the  arsenioas  eomponiida  in  which    it  is  triatotnic,   r-g,  ««H' 

sCl*,  (A«)*0',  (£)'S*,  &c,  and  the  arsenic  compounds  in  which  it  U  pootatomu 

g.  (A8)-C>>.  (As)'S'.  &c.  Besides  these,  there  are  u  few  componndt  into  whidi  i 
ileta  in  other  proportions,  cj.  (he  snlphide  Aa'H',  and  several  alio)-*. 
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in  the  (Did  part  of  the  tube  bejond  Hie  flame;  or  else  by  boniing  Uu  gu  it  tL 
extremity  of  the  tnbe  drawn  out  to  a  fine  jrt,  ud  holding  in  the  flame.  0(*r  ll 
oriJIce,  a  pUtc  of  clem  whil«  porcelain.  The  UMnic  ia  then  depoaitcd  on  the  nlalt , 
tvowniah-blsck,  shiiiiag  metiAlie  fihns,  which  may  he  diitingDished  &«in  thnt  < 
■ntimonj  fonned  in  like  mumer  (pp.  320,  383),  by  their  aolnhility  in  aqneoai  ijf 
ehlorite  of  aodiom,  and  by  other  cbanctcn  to  be  noticed  hei«after. 

Thia  reaction,  which  ia  known  u  Martiit  Uit,  ia  ertemel];  delicate,  and  b  lh«>*- 
mneb  UMd  in  learching  Ibr  minnte  qnantiticii  of  anraic,  npeetaUy  in  eaaea  of  poiKoin 
A  convenient  apparatva  for  the  pnipoee  ia  that  npresentcd  ib  fig.  72.  a  ia  the  ga 
rating  Tend,  piorided  with  ft  fOnnel-tabe  a,  for  intiodncing  Uie  acid  aad  the  loiva 
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tobetaated.  cia  a  diying-tnbe  containing  chloride  of  ealcinin:  d  ■  tlw  raduelioD-ti 
which  ihonld  be  of  hard  ^laaa,  free  from  lead.  It  ia  convenient  to  have  thii  ti 
contracted  at  one  or  two  points,  a*  ihown  in  the  flgnre,  and  turned  np  at  Hght  ant 
at  the  end,  so  aa  to  form  a  vertical  jeL  The  first  thing  to  be  done  ia  U>  uoR. 
whether  the  dne  and  add  ara  tree  from  araenie.  For  thia  porpoae.  they  mnst  he  iu 
dnced  into  the  generating  veaarl,  without  the  aolntion  under  eumination,  and  aft<r 
evolutioD  of  gaa  baa  continued  long  enough  to  expel  atmospbrric  air,  the  redoetii 

tnbeia--'^-^  -■"■    -  -  >^- -■—-  —  -'-   -^ -- —-  -'—  '- '  ■>■ 

aeton 

tested  is  then  to  be  pooled  in  through  the  fumel-tabe  u 
arsenic  ia  preaent,  A  will  be  depoaited  in  a  ehining  mirmr  at  A,  a  uttJe  beyoarl  i 
flame.  After  a  mifflcient  deposit  haa  been  obtained  at  that  point,  tbe  lamp  mat 
removed  to  c,  when  a  aecond  depoaition  will  take  place  at  d,  and  so  on.  If  the  iju 
tity  of  araenie  ie  considerable,  apota  may  also  be  obtained  on  a  plate  of  porcelain  li 
in  the  flame  at  s.  Tbe  portions  of  the  reduction-tube  FODtaimng  the  deposiu  n 
than  be  cut  off  with  a  flle,  aeaJed,  and  reeerved  for  ftuther  examination.  Insteid 
burning  the  eacaping  gas  at  B,  it  may  be  passed,  by  means  of  a  tube  joined  la ' 
reduction-tube  by  a  cBoutchouc  connector,  into  a  solution  of  nitrate  of  aiJver.  SlPta 
silver  will  then  be  deposited,  and  tbe  whole  of  the  araenie  will  remain  in  acdatiaa 

A  eolution  of  anenions  acid  aeidnlated  with  bydrodilorie  or  nlpbaric  acid,  i) ' 
eompoacd  bv  the  ekcirie  eurrent,  the  gt«at«r  part  of  tbe  araenie  eliminated  st ' 
Logative  pole  being  given  off  in  the  form  of  araenetted  hydrogen,  which  mj 
examined  as  above  (Bloiam,  Chem.  Sac  Qn.  J.  xiii.  U).  Tbe  apparatus  u 
(onsista  of  a  two-ounce  naTrow-roonthed  bottle,  the  bottom  of  which  has  been  rot 
and  replaced  by  s  piece  of  vegetable  parchment  tightly  stretched  over  it,  and  sera 
liy  a  ligature  a  p****"""  wire  (any  ligature  of  organic  nature,  even  rulonised  no 
ehonc,  would  be  quicklT  deatK^>ea  by  the  oeoue  evalvBd  at  the  poaitiva  pole).  1 
bottle  ia  fbmiabed  with  a  eoik,  carrying  a  small  tube  bent  at  ngbt  ang1e^  nod 
tacbed  to  the  reduction-tube  by  a  caoat<±ouc  joint,  also  a  fonnel-tube  for  introdon 
tbe  liquid  to  be  teated.  Thnnigb  the  emi.  there  likewiae  paasea  a  nUtinmn  *i 
carrying  a  plate  of  the  some  metal,  which  forms  the  negative  pole  of  the  nltaic  i 
cuit.  The  bottle  ia  placril  within  a  glass  of  such  a  siie  aa  to  leave  ■  nnsll  iitT 
between  the  two,  this  glnrs  standing  in  a  vessel  of  cold  water.  An  ounce  of  dil 
sulphuric  odd  is  inlmduccd  into  (he  apparatus  so  us  to  fill  the  bottle  and  the  on 


364  ABSENIC:  DETECTION. 

Iijdrochlorlc  add ;  pwMn^  hjdroaidptiuni'  add  pi  Utrongh  the  saiatioii ;  digo^ 
the  predpiute  with  Bnlphids  of  UDmomum,  lo  mnolTS  ont  the  BnlpbidA  of  knemi 
&ad  pnapitating  the  sulphide  of  uneoic  b;  hjdracUoriG  lai.  The  predpttAte  m, 
then  be  dried,  aod  redneed  b;  h«tm|^  irith  iwboiiste  of  •odiom  and  ^utomI.  at  ai 
twlTed  in  hydTochloric  «dd,  with  addition  of  chlonle  of  potaaaiimi,  and  the  •oloU' 
which  will  coDtain  araenic  add,  tested  aa  abore. 

The  foUowing  characten  laktn  togethtr  ai 
other  rabatancee. 

1.  FonnatioD  of  a  bUck  ahiiiiog  metallic  tublinisle  bj  oi 
tion  above  described. 

2.  Convenion  of  this  metallic  d«poait  into  white  d^rslitlline  ai 
limatioD  in  contact  with  the  sir. 

3.  Solution  of  this  Bublinis1«  in  bdlins  water,  and  pruduction  of  the  reactims  dun 
taristic  of  aisenious  add,  via.  ;pilaw  with  hydtTKolphnric  add,  jellow  with  aiDinoiii 
nitrate  of  silrer,  light  green  with  ammofuo-aulphate  of  oonper, 

4.  Solution  of  the  metallic  Bablimate  in  hot  nitric  acid,  and  prodnction  of  the  t 
actions  characteristic  of  arsenic  add.  viz.  led-brown  with  nitrate  of  sjlnr.  wbi 
crfstultine  with  ammooia  and   magneaium-Biilts,  bright  jifUow  with  moijlulatc 

The  metal  with  which  anenic  is  moat  lilvlj  to  bo  confoonded,  ia  anCimon 
especially  when  the  reduction  to  the  metallic  Btate  is  effected  bj  Marsh's  nsetlm 
(pp.  3!0,  322.)  The  arsenical  and  antimonial  depooita  obtained  in  this  manner,  nu 
liDweTer  be  distinguished  b;  the  followiiig  charsclers: 

The  arseaic-mirror  has  a  rtrong  Instre,  and  a  black-brown,  or  bfjwn-bladt  cokn 
thin  Sims  of  it  formed  in  a  glass  tnbe,  appear  perfectly  translacent,  with  brown  eobi 
when  hpld  before  while  ptper.  On  account  of  the  Tolatilit;  of  nnienie,  the  dqm 
is  formnl  only  at  a  certain  distance  fh>in  the  heated  porCioD  of  the  tube,  and  ajwi; 
on  the  aide  Icmardi  which  the  stream  of  gas  is  dircclM.  The  spotB  formed  on  fir- 
lain  hare  a  black-brown,  or  when  very  thin,  a  brown  or  li^ht  brown  colour.  Ti 
antimony  mirror  on  the  contrary  is  formed  in  the  reduction  tube  on  both  «(!«  of  t! 
flame  and  dose  to  it.  Wh^re  most  Btmnety  heated,  it  has  a  whiter  colour,  and  ■h' 
eiamincd  by  a  lens,  cihibits  small  fused  metallic  globulins.  It  iF  brownish  in  th 
films,  bat  not  contiauoasly  browa  and  ahining.  like  that  of  arsenic  AQtinBniy-fpf' 
formed  on  porcelain  are  Telret  black,  and  without  lustre,  unleas  vecy  thin  ;  in  tbt  ai 
they  hare  an  iron-black,  or  dark  plumbago  coloor,  brownish-gny  at  the  edgva. 

U  the  part  of  the  reduction-tube  contaming  the  anenic-mirror  be  cut  oK  and  best< 
in  a  *BuiH  lamp  flame,  the  flame  exhibits  the  characteristic  greyish  colour,  and  tt 
strong  garlic  odour  of  araenic  becomes  perceptible.  If  the  piece*  of  tnbe  com 
with  arsenic  are  healed  in  a  narrow  teat-tube,  the  duuacteristic  white  cryttaliu 
sublimate  of  arsmious  oxide  is  formed,  perfectly  sotable  in  boiling  water,  sod  k 
hibiting  the  charucters  abor»-mentioncd. 

The  antimony-depoait  doea  not  gireoff  any  odour  when  healed  in  a  lamp-Sam^  sn 
If  heated  in  a  wide  lest-tabe,  yields  a  white  ■fining  anblimate  of  oxide,  wtiich  is  ii 
soluble  in  water  and  in  ammonia,  but  dissolves  reamy  in  hydrochloric  arid,  tbe  ir>'» 
tion  }|iclding  with  hydrochloric  add  the  duuMteristic  red  predpitate  of  antimonioi 
Bulphide. 

The  arsenic-mirror  dissolree  readily  in  an  alkaline  solutian  ItypocktoriU  oftodtin 
the  solution  exhibiting  the  charseteni  of  arsenic  add.  The  antimony-mimM'  is  ii 
soluble  in  the  same  liquid,  provided  it  doea  not  contsin  tnt  chlorine. 

Nitric  laid  of  apedQc  gravity  1'2  to  I'S  dissolves  the  arsenic  deposit  in  tbe  eaU.  ( 
at  a  gentle  heat,  the  aolution  exhibiting  the  characters  of  aneuioua  add ;  at  a  itnAgi 
heat,  arsenic  add  is  fonned.  The  same  add  likewise  disaalvH  the  aotimOBy  minn 
but  the  solution  is  turbid,  civea  no  predpitate  with  nitrate  of  aUvar  and  ammooii 
omnge-yellow.  with  hydroeniphuric  acid. 

od  way  to  identiAr  arsenic  spots  is  to  collect  one  or  mora  in  ■  wmtch-^ia* 
or  two  of  nitro-hydrochlonc  add — evaporate  qoite  to  drynesK,  moiite 
«itri  wBitr.  and  then  add  nitrate  of  silver  solution. 

Yellow  lulphide  of  ammonium  dissolvM  anenic  spota  with  great  diffleally,  ta 
iievpr  completely  ;  and  on  evaporating  to  dryness,  there  is  always  Ifflft  a  gr<7  stain  r 
arsenic  in  the  midat  of  the  yellow  erpiment  Antininny  qnta  dissolve  at  ooee  up 
completely,  and  the  orange-red  snlphide  of  antimony  Idt  on  evaporatios,  dijnire 
completely  in  hydrochloric  add,  being  converted  into  chtoride.  which  volatihses,  v 
only  a  slight  residue  of  white  antJmonions  oiide. 
»enie-depOBit  is  easily  dissolved  in  the  cold  by*y 

It  of  poliuiiuin.  and  the  solution  yidds.  with  n._^ . 

and  tartaric  add,  tbe  ciystalliue  predpiutc  characteriatie  of  m 
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IVe  antiiiMMij-deposit  similarly  treated,  dis8olv(?s  only  when  heate<l,  and  the  solution 
■lixed  with  tartaric  add  and  ammonia  is  not  precipitated  by  magnennm-salts. 

When  arsenetted  hydrogen  is  passed  into  a  solution  of  nitrate  of  sUver^  metallic 
silver  is  precipitated,  and  ail  the  arsenic  remains  in  solution  as  arsenious  acid,  which 
may  be  precipitated  by  sulphuretted  hydrogen,  £cc ;  but  when  antimonetted  hydrogen 
is  paased  into  nitrate  of  silver,  the  whoM  of  the  antimony  is  precipitated  in  the 
metallic  stut-e,  together  with  the  silver,  and  the  solution,  after  being  freed  from  excess 
of  silver  by  hydrochloric  acid,  gives  no  precipitate  with  sulphuretted  hydrogen. 

It  often  happens  that  antimony  and  arsenic  are  evolv^  together  as  gaseous  hy- 
drogen^compounds.  In  that  case,  the  two  metals  may  be  separated  by  Sie  reaction 
with  nitrate  of  silver  just  mentioned  * ;  by  dissolving  the  metallic  minor  in  hydro* 
chloric  acid,  with  addition  of  chlorate  of  potassium,  then  adding  tartaric  acid  and 
ammonia,  and  predpitatine  the  arsenic  by  sulphate  of  magnesium ;  or  by  gently  heat- 
ing the  deposit  in  a  very  uow  stream  of  dry  sulphuretted  hjdro^en,  whereby  both  are 
converted  into  sulphides,  and  then  passing  dry  hydrochloric  acid  through  the  tube. 
The  sulphide  of  antimony  is  thereby  oonvofted  into  chloride,  which  passes  on  with  the 
stream  of  gas,  and  may  be  received  in  water  and  farther  tested,  while  the  sulphide  of 
arsenic  remains  unaltered.  If  the  hydrochloric  acid  gas  is  not  perfectly  diy,  a  small 
|x>rtion  of  the  antimony  will  be  left  behind  aa  oxide. 

For  other  methods  of  separating  arsenic  and  antimony,  see  page  868. 

Detection  of  Arsenic  in  eases  of  Poisoning, — Nearly  all  compounds  of 
arsenic  are  poisonous,  the  most  soluble  being,  generally  speaking,  those  which  act  with 
the  greatest  violence.  But  arsenious  oxide,  commonly  called  arsenious  acid,  being  the 
most  generally  known  and  easily  procured,  is  that  which  is  most  likely  to  be  met  with 
in  cases  of  poisoning  by  arsenic,  whether  acddental  or  intentional 

As  arsenious  oxide  is  but  sparinffly  soluble  in  water,  and  is  generally  administered 
in  the  solid  state,  mixed  with  visdd  articles  of  food,  such  as  grud  or  rice,  it  some- 
times happens  that,  by  careful  examination,  small  lumps  of  it  may  be  found  adhering 
to  culinary  vessels,  &&,  or  even  to  the  coatings  of  the  stomach  and  intestines  after 
death.  When  this  is  the  case,  the  arsenic  may  be  picked  out  and  reduced  to  the 
metallic  state  by  heating  it  with  charcoal. 

If  the  arsenious  oxide  is  too  finely  divided  to  be  picked  out  in  this  manner,  it  may 
sometimes  be  separated  by  stirring  up  the  mass  several  times  with  water,  and  It^aviiig 
the  heavier  partides  to  settle.  Any  solid  arsenious  acid  that  may  be  present  will  be 
sure  to  be  found  in  the  residue,  and  may  then  be  washed  with  cold  water  and  dried 
over  the  watcr-bath. 

The  oxide  thus  separated  may  be  reduced  to  the  metallic  state  by  heating  it  in 
a  small  test-tube  with  charcoal,  as  described  as  page  361.  A  good  way  of  effect- 
ing the  reduction,  is  to  place  the  dried  granules  or  powder  at  the  bottom  of  a  small 
test-tube,  drawn  out  as  shown  in  Jig.  73|  and  place  above  it  a  splinter  of  well-dried 

i^.  73. 


chaKOal,  <L  The  tube  is  first  held  in  a  horizontal  position  with  the  part  a  in  the 
flame  of  a  lamp,  so  as  to  heat  the  charcoal  to  redness ;  it  is  then  gradually  inclined 
tn  volatilise  the  arsenious  add,  and  cause  the  vapour  to  pass  over  the  ignited  charcoaL 
A  speculum  of  metallic  arsenic  then  collects  at  the  shoulder  of  the  tube,  and  may  after- 
wards be  reconverted  into  arsenious  oxide  by  sublimation  in  contact  with  the  air,  as 
aiready  described  (p.  861). 

More  frequently,  however,  the  arsenic  is  intimately  mixed  with  large  quantities  of 
organic  matter,  such  as  artides  of  food,  vomited  or  evacuated  matters,  portions  of  the 
animal  body,  as  the  stomach,  liver,  &c.  In  such  cases,  Reinsch's  test  (p.  36 1 )  may  be 
very  conveniently  applied.  The  suspected  matter,  if  liquid,  is  acidulated  with  about 
one -sixth  of  its  bulk  of  hydrochloric  acid  and  boiled.  The  solid  tissue  is  cut  up  into 
very  small  pieces  and  boiled  for  some  time  in  a  mixture  of  1  pt  of  hydrochloric  acid, 
and  6  parts  of  water,  till  the  whole  is  completdy  disintegrated,  and  then  strained 
through  muslin,  or  filtered  through  paper  previously  wetted.  Pieces  of  copper-gauze  or 
foil  are  then  to  be  immersed  in  tiie  boiling  liquid,  and  if  any  ^y  deposit  is  produced, 
fVesh  pieces  must  be  added  as  long  as  any  perceptible  alteration  of  colour  takes  place 
on  the  anrface  of  the  metaL    They  are  then  to  be  removed,  washed  with  distilled 

•  The  best  mode  of  detecting  imall  qoantHlM  of  antimony  lhu«  precipitate  It,  after  carefully  washing 
oat  the  arsenious  acid,  to  disest  the  precipitate  in  aoue'.us  taruric  acid :  the  antimoDv  then  Hlone  dis- 
K>lvet,  and  naf  be  tested  by  hydrosnlphurlc  acid.    (Hofmann,  Chem.  Sue.  Qu.  J.  xlil.  79.) 
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ntar,  and  dried  botireen  bibnloiu  paper,  folded  up,  iDtn>dna«d  into  a  dij  tcM  ta) 
and  heated  over  a  lamp.  Tlie  aneaic  in  thereby  oouvurtsd  into  tnesucnt  oiide,  slii 
coUecU  an  the  oold  put  of  the  tabe  in  the  form  of  s  erFitaUine  ■ublimate.  It  maj' 
dissalred  in  water  and  teelAd  witti  oitrate  of  eilTer,  iw.  laamiach  ••  Reiosdi't  pi 
«H3  iuroliea  the  aolutioa  of  a  micute  qu&ntit;  of  copper,  the  foil  or  ^ue  empj.ri 
■liould  be  ao  &r  free  from  anecic  that  the  aolution  <A  four  or  five  gisma  of  it  thoa 
nolyleld  a  trace  of  the  poiiion. 
Ihe  anenic  ma;  also  be  detected  by  other  methoda  which,  howerer,  for  th*  m 

Eart  reqaiie  more  complete  destruction  of  the  o^omc  matter.  Tfaia  nuiy  be  ettOi 
y  one  of  the  following  procesaea : 

1.  The  organic  matter  la  mixed  with  aboat  a  tbuth  of  its  weight  of  strciag  ■ 
phuric  acid,  and  healed  till  the  whole  ii  lednoed  to  a  diy  &iable  carbonaoeoiu  ma 
and  thia  reaidoe,  alter  beinp  pnlTerisad,  ii  traated  with  nibic  add  mixed  with  a  im. 
quuititf  of  hydrochloric  acid,  in  order  to  biicg  tha  aoenie  to  the  state  of  ancuie  ad 
which  a  very  aolabte  in  wotw.  The  mixture  ii  then  enponUi  lo  drjnsast  and  t 
residae  boiled  with  water  and  filtered.  If  the  organic  matter  eon  tains  wlkalinachloridi 
which  is  freqoentlj  the  case,  care  mnat  be  taken  not  to  heat  it  more  atroa^j  than 
necessary  for  complete  incineration,  otherwise  a  portion  of  the  arsenic  mavbe  uuuial 
inb)  chloride  and  lost  by  TolBtilisation. — 2.  The  mgsnic  matter  is  eentiy  heated  ia 
tubulated  retort  with  strong  hydrochloric  acid,  and  nitric  acid  u  added  by  am 
portions  at  a  time.  The  organic  matter  ia  thereby  completely  destroyed,  with  l 
exception  of  the  faL  The  liquid,  which  la  tnuupoient  and  coloarlesB.  is  then  decact 
from  the  fatty  matters ;  tbe  latter  are  well  washed  with  water ;  and  the  waahinp.  Uif 
ther  with  the  diatillale  in  the  receifer,  ore  added  lo  the  main  bulk  of  the  liquid  ;,G  an 
tier  de  Clanbry,  J.  Pharm.  [3]  ZTiL  125}.— 3.  Chlorate  of  potaasium  may  tiao  I 
added  in  inceesiive  portions  instead  of  the  nitric  acid. — I.  The  organic  matter.  ai\ 
being  comminnted  as  much  as  possible,  may  be  Bospeaded  in  water,  sod  chlorine  fi 
paasi-d  through  the  liquid  till  the  organic  matter  is  partly  destroyed  and  partly  u 
ponitcd  in  brown  flatea. — 6.  The  organic  matter,  afler  being  dried,  is  mixed  wii 
nitre,  and  the  mixture  projected  by  snccessiTe  portions  into  a  red-hot  emciUe.  Tl 
araeuic  is  thrrrby  converted  into  arsenate  of  potassium,  which  diasolTes  readily 
water.     (Wiihlcr.) 

Mr.  Qraham  Snda  that  a  most  aHective  separation  of  the  organic  niatter  cafable 
inlerfeting  witli  the  precipitation  of  arsenic  by  reagents,  may  be  effected  by  his  mf'p 
rttas  for  3ie  diffusion  of  liquidl.  A  flat  hoop  of  white  wood  or  gnttA-p^cha,  atv 
ten  inches  in  diameter,  ia  covered  with  a  sound  iheet  of  parchment-paper,  so  as  tA  for 
nu  instrument  hke  a  tambourine  is  form.  The  organic  fluid  is  placed  within  ti 
instrument  so  as  to  cover  the  parchment  bottom  to  the  depth  of  half  an  inch,  and  ll 
whole  is  then  floated  upon  distilled  water,  contained  in  a  tuuin.  Three-fonrths  of  tl 
aisenions  acid  present  are  found  to  escape  by  diffnsion  and  enter  the  water  below,  i 
the  course  of  twenty-four  hours,  giving  a  perfectly  colourleu  solution.  To  this  Lquii 
when  concentrated,  all  the  ordinury  testa  of  arsenic  may  be  upplied.  (See  Ihm'sii: 
or  IdWius.) 

A  clear  solution  having  been  obtained,  the  inenic  may  be  sepsnted  bom  it  i 
either  of  the  following  Wjsys : 

1.  By  Precipitation  ai  Tritulpkide. — The  clear  anenicul  solution  ia  saturated  with  n 
phurous  acid  to  reduce  the  arsenic  acid  to  aisenions  add,  the  excess  of  snlphiuTms  so 
IS  expelled  by  gentle  heating,  and  SBtream  ofaulphuretted  hydrogen  gas  HMcd  thnn; 
tbe  hquidfor  a  considerable  time.  The  predpitaled  trisolphideof  areemc  is  then  cap 
folly  waalied  with  cold  water,  dried,  and  reduced  to  the  metallic  state  by  hnatiog  it  in 
small  tube  having  a  bulb  blown  at  the  end  with  a  mixture  of  dry  carbonate  of  aodinm  m 
charcoal,  or  cyanide  of  potassium.  The  bulb,  after  the  intnxiuetion  of  the  miilur 
ahould  'first  be  gently  heated  over  a  lamp  to  expel  moisture,  the  tube  then  wipeil  oi 
with  flltering  paper,  and  the  bulb  strongly  beated  in  tbe  blowpipe  Bame.  A  rine  ' 
metallic  arsenic  is  then  deposited  in  tbe  tuba,  and  may  be  troated  as  already  deKrihn 

2.  ■  By  Convrriion  into  Arametttd  Hudngen.—'rhia  may  be  effected  either  b^  Msnth 
or  by  Bloxam's  process  (p.  362).  The  former  bo*  long  been  used  by  toxicoli^ist 
It  is  extremely  delicate,  and  indeed  haa  nearly  eupersedfd  all  other  methods,  escvpi 
ing  that  of  Keinseh.  If  the  liquid  to  be  tested  has  bwn  effectually  &«ed  {na 
organic  nutter  by  either  of  the  methods  just  given,  so  that  there  is  no  lon^  an 
dagger  of  fVothing,  it  may  be  introiluced,  toother  with  tbe  sine  and  mlphuru  aci^ 
into  an  ordinary  gas-^eneratiug  vuasel,  provided  with  a  drying  tube  and  rednetior 
lobe  (p.  362).  Peculiar  forma  of  ^iparatns  have,  however,  beui  devised  fbr  perfom 
ing  the  process  without  the  trouble  of  completely  removing  the  organic  matter.  Sue 
is  the  original  apparatus  of  Marsh,  a  figure  and  description  of  which  BV  giv^  i 
Qraham's  Elements  of  Chemistry,  3nd  ed  vol  iL  p.  215.  Another  form  of  ap]a 
ratoa.  contrived  for  the  imrpwe  by  a  committee  of  the  Pnssian   government,  u 
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eimplified  br  tlie  late  Dr.  Ure,  is  described  in  Ure*8  Dictionary  of  Arts,  Manv/ac- 
tures^  and  Minett  newedition,  L  189. 

It  is  foond  how«T«r,  that  the  presence  of  organic  matter  sometimes  completely  pre- 
vents the  detection  of  minnte  quantities  of  arsenie  by  Marsh's  process  (Odling, 
ciuy'd  Hospital  Beports,  [3]  v.  367 ;  Pharm.  J.  Trans.  [2]  i.  374).  Hence  it  is  better  in 
u\\  cases,  before  applying  this  test,  to  eliminate  the  organic  matter  by  one  of  the  pro- 
cesses above  described.  It  must  be  obsenred,  however,  that  all  these  processes  yield 
tije  arsenic  in  the  form  of  arsenic  acid,  so  that  it  becomes  necessary  to  add  sulphurous 
add  or  acid  sulphite  of  sodium,  in  order  to  reduce  it  to  arsenious  acid.  Another 
mode  of  proceeoing,  recommended  by  Odling  (loc.  ctY.),  is  to  mix  the  suspected  sub- 
stance with  strong  hydrochloric  add,  distil  to  diyness  and  test  the  distillate.  In  this 
ease  the  addition  of  sulphurous  add  is  unnecessary. 

Bloxam's  electrolytic  process  is  of  recent  introduction  and  has  not,  so  far  as  we  are 
aware,  been  yet  applied  m  judicial  investigations ;  but  it  appears  to  present  several 
advantages  over  that  of  Marsh,  especially  in  securing,  b^  tne  addition  of  hydrosul- 
phuric  add  to  the  liquid,  the  complete  separation  of  arsenic  and  antimony,  the  former 
being  then  evolved  as  arsenetted  hydrogen,  the  latter  remaining  wholly  in  the  liquid. 
The  ceitainty  of  this  separation  is  of  especial  importance  in  the  investigation  of  cases 
of  poiKminjS  by  anemic,  iiuunnnch  M  tartar^efac  is  often  given  in  «ui  ca«ee  to  pro- 
duce  Tomitmg. 

In  all  processes  of  testing  for  arsenic,  it  is  of  the  utmost  importance  to  ensure  that 
the  indications  obtained  of  the  presence  of  that  substance  do  not  proceed  from  the 
reagents  themselves.  Arsenic  is  very  widely  difihsed  in  the  mineral  kingdom,  and 
hence  it  is  by  no  means  an  easy  matter  to  procure  reagents  absolutely  free  from  it. 
Sulphuric  add,  hydrochloric  add,  and  cine  are  often  contaminated  with  it,  and  con- 
sequently Manh's  process,  in  which  these  reagents  are  employed,  is  very  liable  to  give 
incorrect  indications,  unless  the  precaution  be  taken  of  testing  the  reagents  in  the 
manner  already  described  (p.  362)  before  introducing  the  suspected  liquid.  Sul- 
phuretted hydrogen,  evolved  by  the  action  of  dilute  sulphuric  acid  on  sulphide  of 
iron  often  contains  arsenic,  proceeding  from  one  or  both  of  the  substances  used ;  but 
that  which  is  evolved  by  heating  native  sulfide  of  antimony  with  hydrochloric  acid 
is  generally  free  from  it^  because  sulphide  of  arsenic,  even  if  present  in  the  sulphide  of 
antimony,  is  not  decomposed  by  hydrochloric  acid.  The  complete  destruction  of  organic 
matter  l^  the  processes  described  at  page  366,  requires  the  use  of  considerable  quantities 
of  sulphuric  or  hydrochloric  add ;  consequently  the  arsenic  contained  in  the  add  is 
likely  to  accumulate  in  the  resulthig  liquid  in  sufficient  amount  to  make  itself  visible 
in  tlic  subsequent  examination,  even  though  the  proportion  of  it  contained  in  the  add 
may  be  too  small  to  be  perceptible  in  the  comparatively  small  quantities  required  for 
the  actual  testing.  This  consideration  tends  rather  to  induce  a  preference  for  methods 
which  do  not  re<^uire  so  complete  a  destruction  of  the  organic  matters,  such  as  Beinsch's 
or  the  electrolytic  process. 

Quantitative  Estimation  of  Arsenie. — When  arsenic  is  contained  in  a  solu- 
tion entirely  in  the  form  of  arsenic  add,  it  is  best  to  predpitate  it  in  the  form  of 
arsenate  of  magnesium  and  ammonium,  AsMg'(NH^)0*  +  6HK>,  by  mixing  the 
solution  with  excess  of  ammonia,  and  then  with  sulphate  of  magnesium,  addine  also  a 
quantity  of  chloride  of  ammonium  suffident  to  prevent  the  precipitation  of  hydrate  of 
magnesia  by  ammonia.  The  liquid  is  left  to  stand  for  some  hours,  and  the  predpitate 
is  collected  on  a  weighed  filter,  and  washed  with  water  containing  ammonia.  It  may 
then  be  dried,  either  in  vacuo  or  sulphuric  acid,  in  which  case  it  retains  all  its  water 
of  oTStallisation— or  more  expeditiously  at  100  °C.,  in  which  case  it  loses  ^  of  its  water, 

and  is  reducLxl  to  AsMg"(NH*)0*  +  ^HK),  or  rather  2[A8Mg"(NH«)0«]  +  H-0,  fmm 
which  the  quantity  of  arsenic  is  easily  calculated. 

If  arsenic  exists  in  solution  in  the  form  of  arsenious  add,  it  may  either  be  brought 
to  the  state  of  arsenic  acid  by  oxidation  with  nitric  add,  and  the  arsenic  determined 
Hs  above,  or  the  arsenic  may  be  precipitated  as  trisulphide  by  hydrosulphuric  add, 
the  solution  beine  previously  acidulated  with  hydrochloric  acid,  and  the  predpitate 
collected  on  a  weighed  filter,  washed  and  dried  at  a  temperature  a  little  above  100^  C. 
If  the  trisulphide  were  quite  pure  and  definite,  its  quantity  might  be  at  once  deter- 
mined by  dcMluctinff  the  weight  of  the  filter  from  the  gross  weight,  and  the  quantity 
of  arsenic  calciUat^  from  the  formula  As%'.  But,  as  the  predpitate  almost  always 
contains  free  sulphur,  the  quantity  of  arsenic  in  it  must  be  estimated  by  oxidising  the 
sulphur  with  strong  nitric  add,  and  proceeding  in  a  manner  exactly  similar  to  that 
which  has  been  described  for  the  estimation  of  antimony  (p.  321). 

Arsenious  acid  may  also  be  estimated  by  its  reaction  with  trichloride  of  gold,  which 
converts  it  into  arsenic  add,  and  at  the  same  time  yields  a  precipitate  of  metallic 
gold,  every  4  at  of  gold  corresponding  to  3  at.  arsenious  add : 

4AuCl»  +  6H«0  +  3Afi'0»  =  4Au  +  12HC1  +  3Afl«0*. 
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le  gold  solution  uivil  tnr  the  porpoH  it  Ui«  *odia-cli1aride  or  ■ininaiii(>-<'1il»r: 
Be  OaiAi) :  it  muBt  be  frw  fnnn  nitric  soid. 

When  Bnenioiu  and  inraic  acidt  eziat  togsther  in  loIutiiHi,  tha  Utter  hut  V  p 
jitated  aa  unmooio-mngaeaiiin  usenato  (■  eoiuiderible  qnuti^  ctf  cblorid? 
imoninm  bein^  added  to  prerent  the  aimiilUneoiU  precipitation  of  the  anenir 
id) ;  the  acseiuoiu  acid  is  the  filtnto  i*  conTcrtcd  into  anenic  acid  bj  osdi;. 
th  chlorato  of  potassium  and  bydrocUono  add,  and  then  ra«ci|iitatcd  in  I 
me  manner ;  or  the  arEemoua  acid  maj  be  eitimated  bj  eUonde  of  E"'^  **  J 

Atamie  Wtipkt  o^  Anenic— BerEelina(Si^T.  J.zzxiii.  173)  detarmmed  i 
omio  veight  of  arsenic  fram  the  qnantitj  of  mlphoiona  anhjdrido  prodnenl  bj  Lc 
g  arseDiona  oxide  irith  mlphnr.  The  eqnabon,  lAjfO*  +  »  -  2Aa'S»  *  IS 
ova  that  1  at.  Aa*0*,  jields  li  at  SO*.  Not  in  an  experiment  made  bj  Bozdl 
103  gnn.  Aa<0>  gaTB  1-1069  SO*.    Therefore; 

id  dedadillg  0*  -  iS,  there  remits  Aa*  -  14984  tod  jU  ^  7492.  Peloa 
lompt.  rend.  xz.  lOU)  decomposed  pure  triehloride  of  anenic  with  «at«r,  and  i 
rmiaed  the  quantity  of  hjdrodiloric  acid  produced  by  mHina  of  a  atandard  scdui 

■ilTer.  TTiB  reaulta  (ea1<n]]at«d  idtb  the  etoniic  vcighta  of  ailver  and  chlonnr  b 
lopted  (Ag  -  108 ;  CI  -  35-S),  give  as  a  mean  of  three  uperimenla,  As  =  75  i 
be  mean  betireeli  thia  number  and  that  of  Benclins  is  euctly  7fi. 

Sipatation  of  Anenic  from  other  Elimtnli.—Tnm  other  mUlalB  ol  \ 
cond  and  third  groupa  (A»jU.isis,  Lioboakio),  and  &Dm  all  non-mcttUlic  elcmn 
i^pting  BeleQium.  arsenic  is  separated  by  precipitation  ifith  hydro-ralphurie  » 
.s  in  acid  eolutiona.  From  those  metala  of  the  fint  group  wbow  snlpfaides  an  I 
luhU  in  alkaline  sulphidea,  Irad,  copper,  tileer,  &c.,  it  is  gepsrated  b^-  pn«ipitati 
ith  hydrasalphuric  acid,  digestjog  the  predpitato  with  sulphide  of  uninonin: 
id  acidrdating  the  filtered  solution  with  hyifrochloric  add.  From  itUnium  w, 
'iuriMtn,  it  is  aewated  bj  sulphoroua  acid,  which  pnci^tttss  these  elemanta  tn 
eir  solutions  in  the  Iree  state. 

Separation  from  Anlimony.-^'Vfbei 

an  alloy,  they  may  be  completely  s 

a  stream  of  carbonic  anhydride,  th  .  „ 

silling.  Antimony  is,  howcTer,  tlie  only  metal  fhjm  whicb  aieenic  c 
MTstied  in  this  manner  ;  if  the  alloy  contains  hdj  other  metal,  aome  oi  lae  onei 
ill  be  retained,  and  the  method  is  no  longer  applicable.  When  tbia  is  t!ie  cump.  t 
loy  may  be  dissolved  in  hvdrochhjric  acid,  to  which  nitric  add  or  chlomte  of  pou 
im  is  gradaally  added ;  tho  solution  diluted  with  water  after  addition  of  tartai 
id,  is  Uien  mixed  with  a  considerable  quantity  of  chloride  of  ammonium  and  fii^ 

ammonia,  and  the  arsenic  precipitated  by  addition  of  sulphate  of  mngncBium.  T 
itimony  may  then  be  precipitated  from  the  filtrate  by  njdcostdpburic  acid.  Ti 
ode  of  separation  ia  equally  applicable  when  the  two  metids  are  in  the  state 
Iphidea;  as,  for  inatancc,  when  they  are  precipitated  together  from  solution  by  bjdi 
Iphurie  acii  When  they  occur  together  as  oiidee,  they  may  be  diasolTed  in  b  vd: 
iloric  acid,  mixed  with  tartaric  acid,  and  treated  as  abore  ;  or  they  may  be  aepurj; 
r  fusion  with  caustic  soda  in  the  manner  to  be  presently  deacribcil 

The  separation  of  arsenic  from  tin  may  be  rfected  by  eontcrtinc  the  two  net, 
to  snlpbides,  and  separating  them,  after  drying  and  weighing  the  vhole,  hj  igoiTii 

a  stream  of  hydrosulphuric  add  gas.  The  mixed  aulpliidea  are  introdooed  inlc 
sighed  glass  biijb,  haTing  a.  tube  attached  to  it  on  eacb  aide.  One  of  these  tul. 
e  exit-tube,  must  be  at  Usst  a  qmiiter  of  an  inch  in  diameter,  to  prerent  ctopp; 
id  bent  downvanls  so  ss  to  dip  into  a  flask  containing  ammonia.  The  wlmlr 
en  weighed,  hydrosulphuric  add  gas  passed  through  the  apTHTsIns,  and  tj-.r  Ini 
lated  tUl  the  whole  of  the  sulphide  of  arsenic  is  sublimed.  Put  of  the  satphtJr 
aenic  passes  into  tlie  smmonlaeal  liqilid.  by|  wbich  it  ia  diasotred.  and  the  n 
blimes  in  the  vide  tube.  When  the  operation  is  ended,  and  the  appanitus  h 
oled,  the  wide  tube  is  cut  off  at  a  short  distance  fnim  the  bulb,  then  broken,  at 
e  pieces  digested  in  caustic  potash  to  dissalva  out  the  sulphide  of  anenic  7: 
lution  tiius  obtained  is  added  \a  t^ie  ammoniacal  liquid  in  the  flask ;  the  sulphide 
senic  is  predpitated  by  bydincMoric  add,  and  oxidised,  without  prerioos  flltntia 
ith  hjdrochloric  add  and  chlorate  of  potash  ;  and  the  resulting  anenic  add  is  pr 
^tated  by  ammonia  and  sulphate  of  magnesium.  The  sulphide  of  tin  remaintue 
e  bulb  is  converted  into  atannie  oxide  by  trcstinf!  it  wicb  sbving  nitric  add. 

Separttlion  of  Arienic  from  Atitiraony  and  Tin  Urgcther. —  The  sepanlion  of  ti.i.. 
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tfircv  iMtfili  19  attended  vitli  considerable  difficulty.  The  best  mode  of  effecting  it 
is  to  conTert  tkem  into  arsenate)  antinionate,  and  stannate  of  sodium,  and  treat  the 
ffliztu?e  with  dilute  alcohol  of  a  certain  strength,  which  dissolves  the  arsenate  and 
stannatP  of  sodium,  and  leares  the  antimonate  undissolyed. 

If  the  three  metab  exist  together  in  solution,  they  are  precipitated  as  sulphides  by 
hjdrosulphuric  add,  and  the  sulphides  are  taaed  in  a  sifyer  crucible  with  a  mixture 
of  nitre  and  caustic  soda ;  or,  better,  they  are  oxidised  by  heating  them  with  strong 
nitric  acid ;  and  the  solution,  together  with  the  insoluble  stannic  and  antimonic  acids, 
is  mixed  with  excess  of  caustic  soda  and  evaporated  to  a  small  bulk,  then  transferred 
to  a  silver  crucible,  evaporated  to  dryness,  and  fused  for  some  time  at  a  red  heat. 
The  fused  mass,  consisting  of  arsenate,  antimonate,  and  stannate  of  sodium,  is  disin- 
tegrated by  digestion  in  warm  water,  the  contents  of  the  crucible  are  transferred  to  a 
beaker  glass,  and  the  craeible  is  well  rinsed  out  with  a  measured  quantity  of  water. 
The  greater  part  of  the  arsenate  and  stannate  of  sodium  then  dissolves,  while  the 
antimonate  remains  undissolved.  But  to  effect  complete  separation,  a  quantity  of 
alcohol  of  specific  gravity  0*833,  is  added  eoual  in  bulk  to  one-third  of  the  water  used ; 
the  mixture  is  left  to  stand  for  24  hours  and  frequently  stirred ;  and  the  antimonate  of 
sodium,  which  has  then  completely  settled  down,  is  collected  on  a  filter  and  washed, 
first  with  a  mixture  of  1  voL  of  the  same  alcohol  and  3  vols,  water ;  then  with  1  voL 
alcohol  to  2  vols,  water ;  next  with  a  mixture  of  equal  measures  of  water  and  alcohol ; 
dnd,  Ustly,  with  3  vols,  alcohol  to  1  vol.  water. 

The  antimonate  of  sodium,  sepamted  by  this  process,  is  digested  in  a  mixture  of 
hydrochlone  and  tartaric  acids,  which  dissolves  it  completely ;  the  antimony  is  then 

Sreci|[>itated  by  hydrosulphuric  acid,  and  its  quantity  estimated  in  the  manner  already 
escribed  (p.  320). 

The  filtrate  containing  the  arsenate  and  stannate  of  sodium  is  supersaturated  with 
hydrochloric  acid,  which  throws  down  a  buDi^  precipitate  of  stannic  arsenate ;  hydro- 
sulphuric  acid  gas  is  passed  through  the  liquid  till  the  white  precipitate  is  completely 
convert4*d  into  a  brown  mixture  of  the  sulphides  of  tin  and  arsenic ;  the  whole  is  left  to 
fttand  tin  the  odour  of  hydrosulphuric  acid  is  no  longer  perceptible ;  the  precipitate  is  col- 
lected on  a  weighed  filter ;  and  the  filtrate  is  heated  for  some  time  to  expel  the  greater 
part  of  the  alcohol,  then  mixed  with  sulphurous  acid,  and  a^ain  treated  with  hydrosul- 
phuric acid,  whereby  a  small  quantity  of  sulphide  of  arsenic  is  generally  precipitated. 
This  quantity  of  sulphide  of  arsenic  being  quite  free  from  tin,  need  not  be  added  to  the 
mixed  sulphides  on  the  filter.  These  mixed  sulphides  are  dried  at  100^  C,  their  total 
weight  determined,  and  a  known  qu^intity  heated  in  a  stream  of  hydrosulphuric  acid 
gns  in  the  manner  described  at  page  368.  The  residual  sulphide  of  tin  is  then  oon- 
vf  rted  into  stannic  oxide,  and  the  sublimed  sulphide  of  arsenic,  together  with  the 
small  quantity  separately  precipitated,  is  converted  into  arsenic  acid  by  treatment 
with  hydrochloric  acid  and  chlorate  of  potassium,  and  the  arsenic  precipitated  as  am- 
monio-magnesian  arsenate.    (11.  Rose,  Anulyt.  CheuL  1851,  ii.  229.) 

This  method  is  long  and  tedious,  but  gives  accurate  results.  The  most  troublesome 
part  of  it  is  the  disintegration  of  the  ffxeied  mixture  of  the  sodium-salts,  which  is  very 
hard.  To  obviate  this  inconvenience.  Professor  Williamson  dissolves  the  precipitated 
sulphides  of  the  three  metals  in  a  mixture  of  sulphide  of  sodium  and  caustic  soda, 
and  mixes  the  solution  with  hypochlorite  of  sodium.  The  sulphides  are  thereby  con- 
verted into  arsenic,  antimonic,  and  stannic  acids,  which  combine  with  the  soda,  and 
may  be  separated  by  treatment  with  dilute  alcohol  as  above. 

If  the  three  metals  are  in  the  state  of  solid  oxides,  the  mixture  may  be  dissolved  in 
hydrochloric  acid,  with  addition  of  tartaric  acid,  and  the  metals  precipitated  as 
sulphides  as  before.  If  the  metals  are  mixed  in  the  form  of  an  alloy,  they  may  be 
dissolved  in  aqua-regia,  the  solution  mixed  with  tartaric  acid,  then  diluted,  and  pre- 
cipitated in  the  same  manner. 

The  method  just  described  may,  of  course,  be  applied  to  the  separation  of  antimony 
from  tin  or  arsenic  alone.  In  these  cases,  however,  the  simpler  methods  above  given 
are  preferable. 

Bun  sen  has  lately  introduced  a  new  method  of  separating  arsenic  from  antimony 
and  tin,  depending  on  the  action  of  acid  sulphite  of  potassium  on  the  sulphides  of 
those  metals.  When  recently  precipitated  trisulphide  of  arsenic  is  digested  with 
a  solution  of  sulphite  of  potassium  containing  excess  of  sulphurous  add,  it  dissolves 
at  first ;  but  on  raising  the  heat  to  the  boiling  point,  the  liquid  becomes  turbid  from 
deposition  of  sulphur,  which,  however,  is  dissolved  for  the  most  part  by  continued 
boiling.  Sulphurous  add  is  also  given  ofi^  and  the  liquid  contains  arsenite  and  hypo- 
sulphite of  potassium : 


2AM«  -»-  16KHS0* 
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Th«  mdphido  of  tin  and  utimony  are  not  kSkUA  bj  acid  mlphite  of  potiwiim, 
ConBwseDtly,  wbni  ■  nolntion  of  theae  three  mlphides  in  ealphide  of  potiHicm  a 
precipitated  I37  a  lu^  eiceiui  ot  Bolphnniiui  ludd.  the  liquid  dige*t«d  for  •ami:  lim^ 
over  the  water-beth,  and  then  boiled  Co  expel  the  exec«  of  (ulpbaroue  ariA,  Iht  nl- 
tthidM  of  tin  and  anttmany  remain  indinolved,  vhile  the  whole  of  the  UMnie  ]VBr. 
into  iDlation,  and  any  b«  prenpitated  fhim  the  filtrate  by  hjrdnMtilphnrie  adi.  If 
odIj  mlpbide  of  arrtiiaonj  ia  preflent  in  the  rendue,  it  maj  be  inahed  with  p&rf  mAc, 
but  dinlphide  of  tin  thna  nahed  is  mn  to  paw  Ihrongb  the  filter  ;  becce.  if  tu  n 
alio  present,  the  reaidne  muit  be  washed,  flrat  with  a  saturated  aolntion  of  cblond-  of 
aodinin,  and  then  with  a  ilightl;  add  aolation  of  acetate  of  ammoniiitn  to  mnoTe  ;!» 
chlOTide  of  aodioro  i  after  which  it  mav  be  dried,  the  ammaninm  aalt  then  Yc^alilijiuur. 
The  washing  cannot  be  perfbrmed  with  acetate  of  anunonium  alone,  becaaw  utew  a 
DavBr  eomtSJetelf  precipitated  by  hjdrosalphnria  acid  froia  a  solution  antaiDia; 
acetate  of  ammoninra,  thnt  aalt  being  in  fact  putlj  decompoied  by  hnboenlphitr: 
acid  into  free  acetic  acid  and  ■olphide  of  ammonium,  whi^  retaini  tJie  menic  m 
aolntioB.  Hence  the  Lquiit  which  rona  through  in  waoiiing  out  the  chloride  of  »dia 
by  aeetAte  of  ammooium  must  not  be  added  to  the  fliat  waah-wattx  containing  the 
anenie;    (Ann.  Ch.  Phann.  eri.  a) 

Valuatum  of  Jrimia  Ora.  —  To  ascertain  the  amount  of  metallic  araeme  thit  eu 
be  obtained  firim  an  ore,  the  ore  is  gradoally  heated  to  redness  in  a  retoit  or  talhti 
cylinder,  either  alone  or,  if  it  be  a  Holpbide,  with  potash  or  quick  lime.  The  g'W'i 
put  of  the  sublimed  arsenic  may  be  collected  on  a  thin  iron  plate  rolled  up  ai 
inaertad  into  the  neck  of  the  retort,  and  the  rest  on  a  cone  of  copper  foil  luted  on  ti 
the  neck,  a  sznall  aperture  being  left  to  allow  the  escape  of  gasea.  The  snblimrd 
araenic  ia  then  collected  and  weighed.  Comsiercial  arseuious  acid  wa-j  be  assayed  ai  3 
aimiUr  manner  by  heating  it  with  18  to  20  per  cent,  of  charcoal 

It  is  seldom  required  to  ascertain  the  quantity  of  ancnious  acid  (anbydtouii)  Uul 
an  ore  will  yield  bj  roasting.  A  more  fluently  OHnurine  problem  ia  to  deterD<» 
the  proportion  of  pure  anhydrona  arsenioos  acid  contained  m  a  crude  product  1/  m 
other  Tolatile  snbatonces  are  present,  the  amount  of  the  pure  anhydif  us  acid  tnij  In 
determined  by  sublima^on  in  a  retort ;  in  the  contrHry  case,  the  anenions  add  nil 
be  dissolved  out  by  boiling  water,  and  its  amount  ascertained  by  weighing  the  raiJnt 
The  qaantilT  of  pure  sulphide  which  may  be  obtainn)  from  an  ore,  realgar,  orjih 
ment,  arsenical  pyritea,  &c,  is  found  by  aublimation.  (Kurl's  HmttejiJtuniii,  Bd.  lit 
I-  Abth.  S.  2.) 

AMMWMJO,  AXAOTB  OT.  Arunida. — Araenic  unites  by  fbsion  witli  ana 
metals,  forming  alloys  which  are  generally  brittle.  With  poUutium  and  to4i\ir<i  ii 
forms  alloys  which  give  off  arsenetted  hydrogen  gas  when  thrown  into  water.  Wiii 
iron,  nne,  and  tin,  it  forma  brittle  compounds  ;  with  eopprr,  a  while  maUaable  ilW, 
with  gold  and  tUvtr,  grey  brittle  alloys  ;  with  Itad  and  with  antmong,  hard,  kntiii. 
very  fiiaible  compounds.  It  is  introduced  into  the  lead  used  in  the  manuiaclarr  1'' 
shot,  to  preTont  tailing,  and  cause  the  metal  to  run  into  regular  elobnles. 

Metallic  arascidea  heated  out  of  contact  of  air,  either  retain  ue  aiuenic  allogetliB 
or  give  it  op  but  partially.  The  allays  of  arsenic  and  antimony  are  completely  il» 
composed  b;  i^tion  at  a  moderate  heat  in  an  atmosphere  of  carbonic  anhydride,  thi 
arsenic  volatilising  and  the  antimony  remaining,  when  an  alloy  of  Hraenic  li  tiriSri 
in  contact  with  tiie  air,  part  of  the  arsenic  ia  evolred  as  srsenious  oxide,  «hil«  tbi 
rest  remains  in  the  fbrm  of  a  metallic  arsenite  or  arsenate.  The  arwnide*  nf  thi 
alkali'metals  dissolve  in  bydrocboric  or  dilute  sulphuric  acid,  witji  evolutinn  d 
arsenetted  hydrogen  ;  the  arsenides  of  heavy  metals  are  little,  if  at  all,  attacked  h 
any  acid,  except  nitric  acid  or  aqua-regia.  By  fusion  with  nitre,  metaJlie  srsraiiln 
an  converted  into  baaic  arsenates ;  wbea  the  arsenides  of  the  heavy  metali  are  fsnl 
with  nitrs  and  an  alkaline  carbonate  or  hydrate,  and  the  fosed  mass  is  treatAl  nil 
water,  tlie  whole  of  the  arsenic  disaolvea  as  arsenate  of  alkali-metal,  and  the  han 
metal  remains  in  the  form  of  oxide  free  from  arsenics     Anenidee  are  not  deoompceM 

Sfbsion  with  alkaline  carbonatta  alone  or  mixed  with  eharooal,  but  if  sulphur  b> 
ded,  a  aulpbanwnite  or  sulpharsenatc  of  the  alkali'metal  ia  formed,  and  the  otha 
metal  remina  as  snlphide  free  from  anenie, 

U*oj  metallio  aisenidea  are  definite  comnnuids  in  atomic  proportion,  and  in  ihtl 
respect  difter  from  the  generality  of  aDoys,  which  are  men  mixtures  of  their  constitinil 
metals  in  indeSnit«  proportions.  In  this  rtapect,  as  in  some  othere,  aiaenic  resnsbln 
the  metalloids  rather  Ihan  the  tme  metals.  The  distinction  is,  however,  not  absohir. 
as  many  of  the  metals  proper  form  with  one  anothra  alloys  coDstitiitiMl  in  dtfinilf 
atomic  proportions. 

Uany  mstallio  arsenides  oeeur  lU  natoral  minaals,  *^.  eopptr-melttl,  Ni'A^,  nbd 
niekei pj/rita,  NiAs*,  tttterai  fyrila  (Co;  Ni ;  Fs)  As',  &c 
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drmnidt  of  Antimony^  also  called  AUemontite^  is  found  at  Allemont,  in  the  Chalanche 
]ioiintaio8»  department  of  Ishie ;  also  at  Andreaaberg,  Przibram,  &c ;  occurring  in 
reins  in  gneiaa,  together  with  native  antimony,  antimony  ores,  and  arsenical  cobalt  It 
forms  fine-grained,  spherical,  and  kidney^haped  masses,  with  uneven  fracture.  Specific 
gravity  d'2.  Hardness  3*6.  It  is  of  a  tin-white  colour,  opaque,  with  a  faint  lustre, 
and  in  ffeneral  appearance  more  or  less  resembling  native  arsenic  It  contains,  accord- 
ing to  Rammelsberg's  analysis,  37*9  per  cent.  Sb  to  62*1  As,  corresponding  to  1  at 
Sb  :  2*6  at.  As  [Sb  «  120*3],  whence  it  would  appear  that  the  two  metals  are  not 
combined  in  atomic  proportions,  but  isomorphously  mixed. 

The  other  metaUic  arsenides  will  be  described  with  the  several  metals. 


OVf  AsBr",  is  prepared  by  shaking  arsenic  in  powder 
into  a  retort  filled  with  bromine  vapour — the  bromide  of  arsenic  being  distilled  from 
the  excess  of  arsenic ;  also,  according  to  Nickl^s  (Compt  rend  xlviii.  837),  by  treating 

f pulverised  arsenic  with  a  solution  of  bromine  in  sulphide  of  carbon :  it  then  crystal- 
is4*9  from  the  solution.  It  forms  a  white  crystalline  mass,  which  melts  at  20°— 
26®  C.  to  a  pale  yellow  liquid,  boils  at  22^  C,  and  in  the  frised  state  fumes  but  slightly 
in  the  air :  in  contact  witn  water  it  is  converted  partly  into  arsenious  acid  and  hydro- 
bromic  acid,  partly  into  oxy bromide  of  arsenic  (p.  385). 

JkMMWMlO^  CB]«0&Z]IB  OV.  Butter  of  Arsenic  ;  Caustic  Oil  of  Arsenic,  AsCl*. 
— This  is  the  onlv  known  chloride  of  arsenic,  and  corresponds  to  arsenious  oxide,  AsK)*. 
It  is  produced  when  finely  divided  arsenic  is  brought  in  contact  with  chlorine — the 
metal  becoming  ignited  by  the  intensity  of  the  combination.  The  same  compound  is 
obtained  by  distilling  a  mixture  of  1  part  of  metallic  arsenic  and  6  pts.  of  corrosive 
sublimate ;  also  by  distilling  arsenious  oxide  with  strong  hydrochloric  acid,  or  with 
common  salt  and  sulphuric  acid  in  excess.  A  colourless,  oily,  and  veiy  heavy  liquid 
is  obtained,  which  is  decomposed  by  water  into  arsenious  and  hydrochloric  acid ;  if 
the  quantity  of  water  is  insufficient  for  complete  solution,  oxychloride  of  arsenic  (p.  386) 
is  pnxiucecL  It  does  not  solidify  even  at  —29^  C.  Boils  at  132®,  producing  a  vapour 
whose  density  is  6*3006  (Dumas).  It  evaporates  in  the  air  at  ordinary  temperatures, 
producing  white  ftmies  of  arsenious  oxide.     It  is  highly  poisonous. 

Ammonuhehhride  o/ ^r«mtc,  Ab«H«'N»C1«  -  2AsCl».7NH»  (K  Bose,  Pogg.  Ann. 

62  Hi.),  or  2(NHAara).4NH«CLNH»  (Pasteur,  Ann.  Ch.  Phann.  IxviiL  207).— Dry 
ammonia  gas  passed  into  chloride  of  arsenic  is  rapidly  absorbed,  forming  a  white  solid 
body,  which  is  soluble  in  water  and  in  alcohol,  and  crystallises  therefrom  without 
alteration.  It  is  decomposed  by  heat,  and  according  to  Paisteur,  ammonia  is  first  given 
ofi^  and  then  the  residue  volatilises  completely,  yielding  a  sublimate,  in  which  cubes 
of  sal-ammoniac  can  be  detected  by  the  magnifying  glass.  It  is  decomposed  by  hot 
water,  ammonia  being  evolved,  and  arsenious  acid  and  sal-ammoniac  remaining  in 
solution.  When  cold  water  is  poured  upon  it,  it  becomes  heated,  gives  off  ammonia, 
and  forms  a  solution,  yielding  by  spontaneous  evaporation  six-sided  tables,  which 
may  be  regarded  as  a  compound  of  <mioride  of  arsenammonium  with  arsenious  oxide 

and  water,  2(NHAs.Cl^.As*0'.4H'0.  This  compound  treated  with  strong  aqueous 
ammonia  is  converted  into  a  hard  mass  of  long  six-sided  tables,  consisting  of  num^ 
ammonic  arsenite,  As(KH')0*,  which  quickly  decomposes  in  solution,  and  still  more 
quickly  in  tke  solid  state,  giving  off  the  greater  part  of  its  ammonia.  ' 

ABSBirSO,  y&VOXXBB  OVf  AsP,  is  produced  by  mixing  1  pt  of  fiuor-spar, 
purified  by  ignition,  with  1  pt  of  arsenious  oxide  and  3  pts.  of  strong  sulphuric  acid 
in  a  leaden  retort,  and  heating  the  mixture  till  it  boils.  It  is  a  transparent,  colour- 
less liquid,  of  specific  gravity  2*73,  very  volatile,  boiling  at  69^  C,  and  fuming  strongly 
in  the  air  even,  at  ordinary  temperatures.  The  vapour  is  about  four  times  as  heavy  as 
atmospheric  air.  A  drop  of  the  liquid  coming  m  contact  with  the  skin  evaporates 
almost  instantly,  but  nevertheless  produces  a  painful  wound,  which  suppurates  for  a 
long  time  like  a  bum.  It  attacks  glass  but  slowly  in  a  close  vessel,  but  in  contact 
with  moisture,  it  is  decomposed,  yidding  arsenious  acid  and  hydrofluoric  acid,  which 
corrodes  the  glass.  With  water,  it  forms  a  clear  liquid,  which  corrodes  glass,  but 
scarcely  attacks  zinc  or  tin. 

A&saSXO,  8TB&Z1IB  OV.  Arsenic  contains  two  compounds  with  hydrogen, 
one  solid  and  the  other  gaseous.  The  solid  arsenide  of  hydrogen  is  obtained  by  passing 
an  electric  current  through  water,  the  negative  pole  being  formed  of  metallic  aisc^c ;  or 
by  dissolving  arsenide  of  potassium  or  sodium  in  water.  It  is  a  brown  powder,  which 
evolves  hydrogen  when  heated  in  a  close  vessel,  and  bums  when  heated  in  the  air 
(Davy).    From  Soubeiran's  analysis,  it  appears  to  be  AsH*. 

Tbxhtdbidbof  Arsbnxc,  Absbnbtted  Htdrooen,  AsH',  a  gar  analo<;ou8 
in  composition  to  ammonia,  is  obtained :  —  1.  By  dissolving  arsenide  of  potassium  in 
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tha  wlid  UMBide  being  fcimed  at  the  buds  time. — 2.  Bj  diMolruig  Mi  bII<t  d 
nenie  tai  S  iL  Eino  or  tin,  in  hjrdioeliloric  or  dilate  nlphnric  acid : 

A^Ta*   +   SClfi  -  2AaE'  4-  SZnCl-. 
diMolTing  nne  ia  hjilioeUoiia  or  dilute  ■nlphorie  tai  containing 
I.  sai). 


A^V  +  eZn  +    I„   'o(^/„,  -  1A.H'  +   SHK)  « 


6CI*Zd 
>t630*Zn. 


liiBQlring  fine,  tin,  or  iron  in  aqneoui  ftnenic  ackl  or  in  ■  mixtnra  of  tlut  kii 
fdrochloiic  or  aalphuric  acid : 

2AiH'0'  +  BZd  -  2AaH*  -<-  8ZdO. 

lut  mode  of  fonuution  via  first  given  bj  ScheeU,  and  afterwarda  denied  b] 
ei  (Pogg-  Ann  ix.  161),  irho  BtaUd  that  aqueoiu  anenic  acid,  if  quite  fm 
nenioiu  *cid,  eralvea  nothing  but  hj;drogeD  whoa  treated  with  itne.  Qmeli« 
T,  obtained  anenetted  hjdrogen  with  perfectlj  pun  anenie  acid  and  one 
ttook.  ir.  264.) 

:j  the  electrolysia  of  aneaious  or  anenie  acid.  (Bloiam,  p.  381.) 
gas  obtained  bj  either  of  the  above  procettseB  ii  aeTer  pnre,  but  ajwa^a  mixK 
ir  less  with  free  hjdioBen.  It  maj  be  collected  over  water,  but  the  mi>l 
loui  care  moat  be  taken  that  not  the  imallest  qnantitf  be  inhaled,  aa  it  ia  tzc» 
poiaonous,  and  haa  praved  latal  in  more  than  one  inatanee. 
netted  hjdroeen  ia  ■  colourleas  gu,  which  liquefie*  at  30°  Q,  but  does  n^f 
r  even  at  110°  C  It  haa  an  extrcmelj  repalatve  odour,  and  even  vhru  lat^rli 
with  air,  prodncea  nausea,  giddineHB,  and  oppmnon.  Small  aaimals  an 
l^  killed  by  it  It  doea  not  redden  litmus.  Its  spefiflc  gravity,  according  it 
,  ia2'69£(air  —I).    One  volume  of  the  gas  contains  li  rot.  hydrogen  and  J  toL 

of  arsenic:  [J  .  00693  4.  J  .  1039  -  J-TOlj. 

netted  hjdro^a  is  alightl;  soluble  in  watj^r.  It  doea  not  combine  either  witl 
ir  with  baaee.  It  decomposes  the  solutiona  of  manj  of  the  Dietula  which  ui 
tated  b;  hydroeulphuric  add,   its  hydrocen  alone  being  oudiaed.   nod  thi 

precipitated  in  combination  with  the  met^     From  a  solution  of  satphale  oi 
,  for  eiainple,  it  thruwa  down  arsenide  of  cipptr,  .Is'Uu', 
2AaH'  +  SSO'Cu  -  330'H'  +  AaiCu*. 
1  mixtore  of  this  gai  with  &ee  hydrogen  is  placed  over  a  solation  of  ralphstj 
•er,  the  arsenetted  hydrogen  is  completely  absorbed  and  the  hydrogen  rnnaint 
^be  aalta  of  silver,  gold,  and  platinnm,  arsenetted  hydrogen  precipitatu  th< 

and  is  converted  into  irsenioua  acid,  which  remains  in  solution,  f.  g. : 


mVAa  +  AaH'  +  3HKI  -  6A«  +  6S0"H  +  Asn-O', 

tllir.t.o{  NI1.IC  Ao^ita... 

netted  hydrogeo  ia  decomposed  at  a  red  heat  into  &ee  hydrogeii  and  mstatlic 

It  bums  in  tbs  air  with  a  bloieh-white  flame,  quite  different  In  appearand 

lat  of  pure  hydrogen,  forming  water  and  arsenions  add,  which  rises  in  whttf 

and  is  deposited  in  a  white  cntst  on  a  cold  body,  soch  aa  a  pii^e  of  porc^Uio 
st  above  Uie  flame;  but  if  the  porcelain  be  held  in  the  middle  of  the  flame  so  aj 
it  partially,  then  the  hydrogen  Is  alone  burnt,  and  the  arsenic,  beiog  laa 
rtibleisdepoaitedon  the  porcelain  in  metallic  spots  (p.  362).  This  effect  is  frr- 
dmilar  to  the  depfwition  of  eoot  an  a  glass  rod  or  other  cold  body  held  in  tha 
if  a  candle. 

laWXO  OUUS.  See  Absihic,  S<7u>Biins  or  (p.  aSS). 
mxC(  lOnXDS  OW.  AsI'.  —  Arsenic  and  iodine  unite  when  gently  heatnl 
T,  the  combination  being  attended  witn  coniiiderable  evolutioD  of  he«t  Bv 
ig  3  pt*.  of  iodine  with  1  pt  of  metallic  arsenii^  in  a  retort  having  ita  bulb 
led  ID  a  sand-bath,  the  iodide  ia  obtained  as  an  orange-colunred  oystaLine 
ite  having  the  lustre  of  gold.  It  may  also  be  prepared,  like  the  bminide,  by 
;  metallic  arsenic  with  a  solution  of  iodine  in  BUlphide  of  carbon.      It  ducnlira 

pta.  of  boiling  water,  and  the  sulDtion,  if  boiled  down,  leaves  pure  iodide  of 

:  but,  if  left  to  cool  alowly,  deposils  orstals  of  a  compound  of  araeniona  oxide 
lyiodide  of  arsenic  (p.  38S).  The  iodide  may  be  reojatallised  bom  boiling 
,  and  is  then  obtained  in  shining  laminie  of  a  flne  brick-red  adoQi.    Iodide  <rf 

has  been  used  in  the  treatment  of  cancer. 

An  oil)  term  fbrthc  alkaline  snlphanraitoB  (p.  388^ 
[pp.  360,  37ft) 
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OXmas  or.  Anenic  fomui  two  well-defised  ooddes,  riz.  tlie  7W- 
0xid€  or  Artenious  Oxide,  AbK)*,  or  A»C^,  and  the  Ptntoxide  or  Arsenic  Oxide,  AsK)*, 
or  ^(^.  The  black  film  which  forma  on  the  rarfoce  of  the  metal  when  exposed  to  the 
air  ia  hj  man j  snppoaed  to  be  a  aabozide,  bat  it  ia  more  probably  a  mixture  of  metallic 
aTMnic  with  the  tnozide. 

Absbkious  Oxidb  (or  Anhtdridb),  AsK)*;  in  the  hydrated  state,  AssBNioua 
Acid. — This  compound  occurs  native  in  the  mineral  arstnite  or  ars  noiite  {q.  v.)  which 
forms  capillary  crystals  inyesting  ores  of  nickel^  cobalt,  &c.  It  is  formed  when  arsenic 
volatiliaes  in  contact  with  free  oxygen,  as  when  the  metal  is  heated  in  a  glass  tube 
through  which  a  current  of  air  is  passing. 

On  the  l&i^  scale,  arsenious  oxide  is  (n)tained  as  an  accessory  product  in  the  roasting 
of  arsenical  ores  of  tin,  cobalt  and  nickel,  and  as  a  principal  product  in  the  roasting  of 
arsenical  pyrites.  The  ores  are  sometimes  roasted  on  the  hearth  of  a  reverberatory 
furnace,  where  they  are  in  direct  contact  with  the  flame,  more  generally  in  muffles 
which  are  summnded  by  the  flame  but  prevent  it  from  touching  the  material  The 
latter  method  involres  a  liu'ger  consumption  of  fuel,  but  yields  a  purer  product,  inas- 
much as  when  the  flame  comes  in  contact  with  the  ore,  the  arsenious  oxide  produced 
by  the  oxidation  becomes  mixed  with  carbonaceous  matter,  which,  in  the  subsequent 
sublimation,  reduces  a  portion  of  the  arsenic  to  the  metallic  state,  and  gives  the  product 
a  grey  colour. 

At  Reichenstein,  in  Silesia,  arsenious  oxide  is  prepared  from  arsenical  pyrites.  The 
ore  reduced  to  powder,  is  roasted  in  a  muffle-furnace,  and  the  vapour  of  arsenious 
oxide  is  made  to  pass  into  a  condeBsing  chamber,  divided  into  partitions,  where  it  ia 
deposited  in  the  pulverulent  state,  as  crude  arsenic  or  poison-flour  ( GtftmelU).  This 
product  is  refined  b^  sublimation  in  cast-iron  pots,  the  tops  of  which  are  contracted 
into  cones,  and  termmate  in  pipes  which  also  pass  into  a  condensing  chamber.  Lastly, 
the  refined  arsenious  oxide  is  again  sublimed  at  a  higher  temperature,  and  collects  in 
the  npper  part  of  the  sublimiBg  vessel  in  the  form  of  a  glass  (vitreoua  ameniona 
oxide). 

At  Ribaa,  in  Catalonia,  arsenions  oxide  ia  obtained  frt>m  arsenical  pyrites  by  roasting 
in  a  reverberatory  furnace  without  muffles ;  in  other  respects,  the  series  of  operations 
ia  similar  to  that  just  described.  At  Andreasberg,  in  the  upper  Harz,  aigentiferoua 
native  arsenic  is  roasted  to  extract  the  silver,  and  arsenious  oxide  is  obtained  as  a 
secondary  product  It  is  also  produced  in  large  Quantity  in  the  roasting  of  tin 
ores  and  cobalt  ores  at  Altenberg  in  Saxony,  and  of  tin  ores  in  Cornwall.  (See  Ur^s 
JHctionary  of  Arts,  Manufactures,  and  Mines,  i.  185 ;  Keil*8  Huttenkunde,  iiL  1**  Ab- 
theilung,  S.  14.) 

Properties.  — Arsenious  oxide  is  a  white  solid,  whidi  occurs  in  two  ciystalline  forma 
and  likewise  in  the  amorphous  state.  —  1.  Aiiwrphous,  vitreous  or  glassy  arsenious 
oxide  is  produced,  when  the  vapour  condenses  on  a  BurfSace  whose  temperature  is  but 
little  below  the  volatilising  point  of  the  oxide,  so  that  before  solidifying  it  passes 
through  the  semi-fluid  state.  It  is  transparent  when  first  prepared,  but  graauadly 
booomes  opaque,  and  passes  into  the  crystalline  state.  Its  specific  gravity,  according 
to  Guibourt,  is  8*7385. — 2.  Octethrdral  arscnioxt*  oxide.  This  variety  is  produced  by 
sublimation  when  the  vapour  is  cooled  so  quickly  that  it  solidifies  at  once,  without  pass- 
ing through  the  semi-fiuid  state.  A  hot  saturated  aqueous  solution  deposits  the 
oxide  in  rejnilBr  octahedrons  on  cooling.  Vitreous  arsenions  oxide  is  transformed  into 
the  octahedral  variety  by  keeping,  especially  in  contact  with  the  air,  and  also  by 
solution  in  water  or  hydrocMoric  acid.  When  2  or  3  pts.  of  the  vitreous  oxide  are 
dissolved  in  a  mixture  of  12  pts.  of  fuming  hydrochloric  add  and  4  pts.  of  water, 
and  the  solution  is  left  to  cool  slowly,  the  arsenious  oxide  crystallises  in 
transparent  octahedrons,  the  formation  of  each  crystal  being  accompanied  by  a  fiash 
of  light  (H.  Rose).  The  specific  gravity  of  octahedral  arsenious  oxide  is  2*695 
(6  uibourt). — 3.  Right  Rhombic  Arsenious  Oxide,  This  variety,  which  is  isomorphoua 
with  native  oxide  of  antimony,  ia  occasionally  obtained  by  sublimation  (Wohler), 
also,  according  to  Pasteur,  when  a  boiling  solution  of  potash  is  saturated  with  arsenious 
acid  and  left  to  cooL  It  is  converted  into  the  octahedral  variety  by  sublimation  or 
by  solution  in  hot  water. 

Anenious  oxide  volatilises  at  about  218^  C,  forming  a  colourless  vapour  of  specifio 
mvity  13*85.  The  vapour  is  perfectly  inodorous,  provided  the  oxide  has  not  been 
heated  in  contact  with  charcoal  or  other  reducing  agent  The  vitreous  oxide  may  be 
fused  before  it  volatilises  to  any  considerable  extent;  but  the  crystallised  oxide 
sublimes  before  f^ion.    Under  pressure,  the  oxide  may  be  melted  to  a  glass. 

Aoenious  oxide  dissolves  but  sparingly  in  cold  water,  more  readily  in  boiling  water, 
the  vitreous  oxide  dissolves  more  readuy  than  the  erystalline  variety.  A  hot  saturated 
Bolntioii  eontains  1  pt  of  the  oxide  or  anhydrous  acid  in  10  or  12  pts.  of  water,  and 
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oa  cooling  dfpomla  the  greater  portion,  iMving  a  wdntion  i 

■Bhjrdioiu  acid  in  30  pta.  of  wmtm.     Tlie  atatenienU  ot  diStrent  ai 

the  BcJnbilitj  of  arsenioos  add  in  water  differ  conaiderabl;,  the  diocrepanc;  inotiiihl, 

■rising  fnim  the  aimoltaDeona  oecarrearr  of  the  Titreoiui  and  cryitslliDfl  mnifi^tio 
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in  tht  acid  Enbiaitted  to  eiperimeQt  (Qm.  it.  26T).  i>a  definite  hydrate  of  u 
acid  app«ar«  to  exist.  The  aqaeoiu  jotatiOD  ia  tranaparent  ud  colonrleaa.  and  aligbtl 
reddens  litmus.  (For  its  bebaTlour  with  hjdrosulpharic  acid,  nitrate  i^  ailTor,  *a 
other  reagents,  see  page  361.) 

Anenioiu  oxide  disBolrea  in  hot  diliOf  aindt  more  readil;  than  in  vater,  bnt  sepvaU' 
oat  completely  on  cooling,  without  forming  an;  definite  componad.  It  has  tfaovfor 
little  or  no  basic  power.  With  tartarit  add,  hoverer,  it  forma  a  potaealc  dcmble  ai 
analogous  to  Imtikr-Froetic.    (See  Tabtamo  Acnt) 

It  diasolTes  in  alkalii,  forming  arscniles  of  alkHli'metala. 

It  is  neail;  insoluble  in  alcohol,  quite  insoluble  in  flAer. 

Arsenious  oiidi^,  whether  in  the  di?  stale  or  in  solutioD,  is  one  of  the  meet  riolent  s 
the  acrid  poisons,  ■  dose  of  two  or  three  grains  being  certain  to  nnse  demth,  niileee  i 
be  ver;  Bpeedilj  ^ect«d  by  Tomiting,  or  rendered  inDOCBone  bj  oonTersioD  into  ai 
insolnble  compound.  Nevertheless  it  appean  to  be  possible,  by  commeDcing  wilJ 
fliQ&l]  doefa  jmd  graduaUy  increasing  tbem,  to  accustom  the  httman  body  to  anatau 
without  iiyury,  doses  of  4  grains  or  even  more ;  and  it  is  moreover  stated,  ^tpaimtl; 
on  good  aathority,  that  anenic  thna  taken  piodneei  ■  plump  and  healthy  appeinuie 
ill  those  who  nee  it,  and  eepeciall^  incteasea  the  power  of  the  reapintonr  orgsni,  aa> 
eonseqaenlly  liicilitutea  moonlain-climbiDg  under  heary  burthens.  The  TynleB 
santry  ftre  said  to  swalloir  arsenic  in  considerable    qmntitiee  for  thia  pnrpoae 

—  —^ 1  Hccuatamed  to  taking  anenic  in  this  way,  are  also  laid  to  expenean 

gicML  ue^icKiun  and  lose  of  strength  if  they  discontinae  it. 

ArseniouB  acid  in  umall  doeea  is  much  laied  in  medicine,  chiefly  in  eaaea  of  akin 
disease.  Tlie  form  in  which  it  is  most  &eqnently  adminiatared  is  that  of  Fomlit'. 
loliiliiin,  which  is  an  arsenite  of  potassium. 

The  beat  antidote  to  poisoning  by  anenic  is  ij/drated  tiquioxidt  tf  trvR,  which 
when  administered  in  excess,  conrerts  the  arseniona  add  into  a  basic  ferrie  aiienilt 
perfectly  insoluble  in  water  and  in  the  floids  of  the  alimentary  cansL  It  is*j  b 
prepared  by  prcfipitatiog  a  wJution  of  fbiric  chloride  or  ntlpbste  with  ammonia,  am 
waging  by  deeantution.  and  ahonld  then  be  kept  under  water,  becauae  whes  diy.  it 
power  to  lay  hold  of  anenions  acid  is  Tery  much  diminished.  It  is  moat  effintciott 
when  recently  pirdpitaled,  the  absorbing  power  being  somewhat  diminished,  even  tr 
keeping  under  water  (Bansen  and  Berthold.  "Das  Eisenoxjd  ein  Qeseiigift  de 
arsenigen  Saure."  Oiittingen.  1834),  Still  more  elficaeions.  according  tn  fn^ia,  is  i 
mixture  of  hydnted  ferric  oiide  with  magnesia,  obtained  by  preci  pits  ting  a  solnlioB  a 
ferric  chloride  or  sutphate  with  excess  of  calcined  magnesia.  It  shouLd  be  prepared  a 
the  time  when  it  is  wanted,  and  may  be  used  at  once,  withcnt  washing,  the  mlabb 
magnesinn^salt  produced  by  the  reaction  being  rather  beneficial  than  ouierwiae,  uu* 
much  as  it  exerts  a  purgatiie  action.  When  smmonia  is  used  as  the  precipitwit.  Uii 
washing  cannot  be  dispensed  with,  because  arsenite  of  iron  is  somewhat  aolnbte  ii 
■mmoniaeal  salts.  The  magnesia  used  for  precipitating  the  ferric  hydiste  mnst  nn 
be  Tery  strongly  calcined.  Magnesia  itself  is  likewise  capable  of  abstracting  aneniiKL 
acid  izom  solution,  and  forming  an  insolable  compound  with  it;  bnt  ferric  hydrate  ii 
more  powerlnl  in  this  respect,  and  the  mixture  of  the  two  prepared  in  the  manner  ju« 
mentioned,  is  more  eScai^inus  than  either,  probably  because  the  ferric  hydrate  ii 
spread  over  the  surface  of  tbe  particles  of  magnesia  in  a  atate  tit  One  dinaion 
(Handw.  d.  Chim.  V  Aufl.  iL  2M.} 

AiBenions  oxide  acts  both  as  an  oxidising  and  a*  a  redncing  ageat.  It  partially  de 
oxidisn  many  compounds  rich  in  oxygen,  t.g.  tairic  add,  TnangOTiie  add,  ekrvmii 
add,  lu/pofUorout  add,  &c..  being  iltielf  conTerted  into  anenic  oxide  or  add.  Ii 
quickly  reduces  goid  from  the  solution  of  the  trichloride,  Feta4tiiun,  cMarcoal,  todiii», 
tuJpiur,  phoaplliynu.  and  sitic  deoxidise  it  at  a  red  beat,  separating  metsUic  araenic 
DistDled  wilh  iutlalr»,  it  yields  cacodyl.  a  coropoand  of  1  at.  arsenic  with  2  at  methyl 
Aa(CH')'.  which  may  be  retognised  by  its  pecoliar  and  intolerable  odour.  Wh« 
Tapour  of  areenions  oxide  is  passed  over  red-hot  linu,  part  off  it  ia  reoolred  ILU 
metnllic  arsenic,  which  sublimes,  and  arsenic  oxidewhich  unites  with  the  lime,  fonninf 
an  arseziate  (Wollastonl.  while  another  portion,  greater  as  tbe  heat  is  less.  iinil« 
directly  with  the  lime,  forming  an  arsenite  (Simon).  Ilrated  with  earbonab  nj 
polastium,  it  likewise  yields  met alEc  arsenic  and  ad  arBpnate  (Oay-Lossac).  Ai 
an  oxidising  sgent,  arsenic  oxide  is  nsed  in  the  manufarture  of  ^aas,  for  the  purpoN 
ofconverting  protoxide  of  icon  into  aesquioxidc,  which  yields  less  highly  ooloaredglusa 
than  the  protoxide. 

jLBSKtms. — Arteuioos  add  unites  with  bases  in  seTend  pir^xirtionE,  but  the  salb 
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mi9  Dot  rm  gUble,  and  harf«  been  but  litfle  eaaminedr  Those  whose  eompomtion  it 
>f  A^O'  or  M'O.AbK)*,  are  genemllj  regarded  as  neatsal ;  and  besides  these  there  are 
ba>ic  arsenites  containixig  M^AsK)*,  or  2MK) JU'O",  and  M'AsO*^  or  3MK)JLiK)*,  besides 
acid  salte.*  Arsenious  oxide  dissolves  in  caustic  potash  or  soda,  but  does  not  nen- 
traiise  the  alkali ;  the  concentrated  solutions  are  deoomposed  by  the  carbonic  acid  in 
the  air,  and  yield,  after  a  while,  rei^  large  and  well  formed  crystals  of  anhydrous 
arsenious  acio.  The  acid  dissolres  in  atnmonia  more  readily  than  in  water,  apd 
r«maiDs  free  from  ammonia  when  the  solution  is  eraporatod.  lAme,  baryta,  and  stroiu 
tia,  dissolve  when  boiled  with  water  and  excess  of  arsenious  acid,  and  on  adding  lime-, 
ban'ta-,  or  strontia- water  in  excess  to  the  solutions,  basic  salts  are  precipitated  in  white 
flocks.  These  precipitates  dissolve  in  acids  and  in  ammoniacal  salts :  hence  arsenious 
acid  Qiunot  be  precipitated  by  the  alkaline  earths  from  solutions  containing  ammo« 
niacal  salts.  The  other  arsenites  are  insoluble  in  water,  and  are  obtained  bv  precipi* 
tat  ion.  They  dissolve  in  hydrochlorie  acid,  and  some  of  them  in  acetic  acid,  also  in 
sulphate,  hydrochlorate,  and  nitrate  of  ammonium. 

solutions  of  the  alkaline  anenites  give  a  light  green  precipitate  with  euprie  salts, 
egg-yellow  with  nitrate  of  sHwr, — HydrosvXphwric  acid  produces  no  precipitate  unless 
a  stronger  acid  is  present  in  excess ;  but  all  arsenites  when  dissolved  in  nydrochlorio 
acid  give  a  precipitate  with  hydrosulphurie  add;  and  if  the  metallic  base  of  the 
arsenite  is  likewise  precipitable  by  hydrosulphurie  acid,  a  compound  metallic  svilphide 
may  beprodaeed. 

Most  iBMBites  are  decomposed  by  heat :  some  give  off  arsenious  oxide,  and  leave  the 
btt^e  IB  the  form  of  oxide :  but  the  arsenites  of  the  alkali-metals  and  the  alkaline  •arth- 
BMsCals,  give  off  metallic  arsenic  and  leave  a  salt  of  arsenic  add  (fiAsH)"  ->  3As*0*  -t- 
Am').  Araenite  of  silver  gives  off  arsenious  oxide  and  leaves  a  mixture  of  metallio 
silver  and  arsenate  of  silver ;  arsenite  of  lead  alone  withstands  a  red  heat  without 
decomposition,  and  arsenite  of  magnesium  is  but  imperfectly  decomposed  (Simon, 
Pogg.  Ann.  xi.  435). — Arsenites  heated  with  charcoal  give  off  metallic  arsenic 

Arsenite  of  Ammonium,  KH.*AjiO\  or  (NH*)K).AsK)',  according  to  Pasteur; 
(Nn*)*AsK)»,  or  2(NH*)K).AsK)«,  according  to  Stein,  is  produced,  according  to  Pasteur, 
when  very  strong  aqueous  ammonia  is  poured  upon  arsenious  oxide,  and  forms  a 
hard  mass  composed  of  microscopic  six-sided  tables  belonging  to  the  trimetric  system. 
It  exists  only  in  contact  with  ammonia,  quickly  giving  off  ammonia  in  contact  with 
the  air.  It  forms  a  yellow  precipitate  with  silver-salts,  the  solution  turning  arid.  It 
is  insoluble  in  alcohol  and  in  ether. 

Arsenite  of  Antimony, — Produced  by  digesting  metallic  antimony  with 
atjtiL'ous  arsenic  acid,  and  is  precipitated  on  diluting  with  water.  It  may  also  be  ob- 
t.iiued  as  a  transparent,  fused,  vitreous  mass,  by  heating  metallic  arsenic  with  anti- 
DjL«nie  oxide. 

Arssnits  9f  Bariu  mrBaTAsH)*,  or  Ba,'0.A8H^,  is  obtained  by  mixing  a  solution 
of  chloride  of  barium  with  add  arsenite  of  potassium,  separating  aiter  a  few  hours  as 
a  gelatinous  mass  or  in  dendritic  ramifications.  In  this  state  it  is  very  soluble  in 
water,  but  becomes  sparingly  soluble  after  drying:  the  liquid  decanted  from  the  jelly 
likewise  yields  the  salt  by  evapomtion,  as  a  heavy  sparingly  soluble  powder.  The 
gelatinous  mass  is  probably  a  hydrate.  A  salt  containing  2Ba  O.AsK)*  +  4H*0  is  ob- 
t-iined,  according  to  Stein,  by  dropping  baryta-water  into  aqueous  arsenious  acid  as 
long  as  a  precipitate  continues  to  form,  and  washing  with  dilute  alcohol.  It  gives  off 
2  At.  water  at  100^  C,  and  the  rest  at  a  higher  temperature,  arsenic,  however,  volatilising 
at  the  same  time.  ^ 

A  concentrated  solution  of  arsenious  add  is  immediately  nreeipitated  by  baryta- 
water,  a  very  dilute  solution  after  some  time  only,  or  not  at  all  (L.  Gmelin).  Arse- 
nite  of  ammonium  precipitates  solution  of  chloride  of  barium  after  a  while. 

Arsenite  of  Calcium. — The  several  arsenites  of  potassium,  added  to  solution 
of  diloride  of  calcium,  yield  precipitates,  but  not  of  constant  composition  (Filhol). 
The  neutral  salt,  Ca''As^O^  is  obtained,  according  to  Simon,  by  predpitating  chloride  of 
calcium  with  anmwnia  saturated  with  arsenious  acid ;  the  precipitate  is  increased  by 
adding  excess  of  ammonia,  but  dissolves  partially  when  washed  with  water.  When, 
on  the  other  hand,  an  aqueous  solution  of  arsenious  add  is  mixed  with  excess  of  lime- 
water,  a  white  heavy  powder  (2Ca''0.As*0»,  with  water)  is  precipitated,  which  is  very 
little  soluble  in  water,  somewhat  more  soluble  in  the  presence  of  ammonia-salts,  or  of 
chloride  of  potassium  or  sodium.  According  to  Stein,  the  predpitate  thus  ob- 
tained is  a  mixture  of  several  basic  salts,  but  on  adding  sufficient  arsenious  acid  to 
diijdolve  part  of  it  the  residue  consists  of  3Ca"0.2AsK)«  +  8H»0 ;  this  salt  gives  off 
1  at.  water  of  100**  C,  the  rest  at  a  temperature  at  which  decompodtion  begins. 

•  ir  0  B  B,  the  forauls  tre  MOAtiP,  lMOAt(fi,  and  ZMO.AtO»  retpecuvelf 
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Artinils  ef  Copper,  Cu'AaW,  or  2Cn"0.A«»0',  ii  obt&loMl  bj  pracipitaUnf  i 

•Bit  of  rapper  with  srseoitfl  of  potwiium,  or  with  unsnioui  ad<i  and  ■  (uflcJent  qoantil 
of  SRimoow  to  DeutrftlJM  the  acid  prsaent  (p.  3S1),  Xt  ia  s  light  ktmd  pmipitu 
(9cbeBl8'»  green),  which  diasolTSi  id  eice«  of  unmonia  with  bright  blu«  titUmi 
yielding  u  solaiion  of  nraenic  nrid  and  cQpnC  oxide.  Anenite  of  potaaiiiam  comaiaiu 
eiiviM<  or'  arknli  Hi9!<olT«<  it  niadilj.  with  bine  eolaar,  bat  the  nlutiiHi  quickly  dwoai 
puf»a  iplo  arepDnle  of  i">tn(.Bium  and  euproiu  oiide.  Vapour  of  aneoioua  oxioe  paaiA 
OTer  red-hot  cnpric  oiids  dneK  not  coniliidB  with  it. 

Ai!rto-AramUeofCi'pper,3Ca'AE'0*.C*aH>a"0'.Schw«i»f»rtGt'wm,oilii^ieriaIGrm* 
— This  compoand,  the  prrparatioo  of  which  is  gireti  at  page  16,  ia  modi  used  aa  api^ 
meDt,  00  account  of  ila  epiendid  grceu  colour.  A  great  deal  of  needleaa  alarni  ha 
hitelj  been  eicit*d  about  the  supposed  deleterious  effects  of  thin  piRTnent.  It  ia  n 
teuairely  employed  for  Majning  vall-papen.  and  persons  inhabiting  rooma  thus  pnpero 
are  SHid  to  have  had  their  health  nerioatly  drranged  by  the  arrmical  futna  cndre 
from  it !  Now  it  is  utirrlj  impossible  that  arsenic  ihauld  Tolatilise  &om  auch  a  cddi 
pound  at  ordinair  temperatures:  it  does  not  decompose  at  any  teniperatiuv  beioi 
ledneas.  The  only  way  iu  which  dtrnger  could  arise  from  the  use  of  paper  atainn 
with  an  anenical  colour,  is  that  partielea  of  the  compound  might  be  Imuhed  uC  u 
in  dusting  the  paper,  and  thus  become  mixed  with  the  air  of  the  apartmeiit ;  bat  it  i 
■ot  in  tbia  way  that  the  supposed  accidents  are  said  to  bai-e  occumd ;  the  panic  ha 
ariaen  from  a  mintsken  notion  aa  to  the  Tolatility  of  the  arsenic  That  the  nae  of  thi 
^ginent  is  not  resUy  dangerooB  may  be  safely  inTerred  troa  the  tact  thai  no  loi 
effects  are  experienced  by  the  workmen  engaged  in  its  manaiactnrt  (See  O/. 
Dictiaimry  of  ArU.  Manvfaclura,  and  Mint;  i.  157.) 

Araenite  of  copper  fbnns  a  aimilar  double  siklt  with  frutjmift  of  copper. 

Arienilii  of  Iron. — There  are  aereral  baaic  ferric  arternttt.  Wbea  raeestJi 
precipitated  ferric  hjdiate  ia  digested  with  a  oonceutnited  •olation  of  arBonioaa  mak 
ID  stich  proportion  that  Ibe  quantity  of  anhydroos  ferric  oxide  present  ia  mial  to  tei 
times  the  weight  of  anhydroui)  arsenioua  acid,  the  acid  ia  completely  lemoTed  from  tbi 
liqnid.  With  a  smaller  proportion  of  fenic  oxide,  the  precipitation  is  nearly  tboo^ 
pot  quite  complete.  The  products  formed  are  basic  araenitea  containing  SFe^.A*^}' 
ft&,  fW>m  which  part  of  the  anenions  add  ms;  be  extracted  by  water.  It  is  Ihti 
power  posaeaaed  by  hydrated  ferric  oxide  of  removing  anenious  acid  ftam  a  aohuiaa 
which  renders  it  eo  useful  aa  an  antidote  to  anenious  add  (p.  371). 

Arsenious  acid,  or  araenit«  of  potassium^  forms  with  ferric  acetate  as  ocbr^jcilo* 
predpitate,  which  dries  up  to  a  brown  maai  containing  lFe'D*JlaK)*  *■  AAq,  and 
when  heated  givea  off  water  and  the  greater  part  of  the  add  (Bunaen),  the  vboJc,  ar- 
cording  to  Simon.  Water  removes  part  of  the  aiaenioua  acid  ;  strong  mioerml  addi 
diaaolrea  the  salt  completely.  Ferric  sulphate  or  chloride  is  not  predpitat«d  by  fiw 
aneniooa  acid :  but  givea  with  arsenite  of  potaeeinm,  according  to  Ouibourt,  a  mslj. 
brown  precipitate,  containing  when  dry,  Ho'O'.Aa'O'  +  THH).  According  to  DaDwnr, 
thi*  precipitate  is  slowly  dissolved,  with  rusty-brown  colour,  bj  caustic  polaah.  and 
when  slowly  heated,  melts  before  giving  off  arsenious  oxide.  A  rusty  yellow  pred^- 
tate,  likewise  conlainiug  SFe'O'.As'O*  +  7H'0.  is  obtained  by  oxidising  a  solution  ol 
feiTona  sulphate  with  aqua-regia,  neutnilisingwith  ammonia,  and  precipitatdng  by  mds- 
ley,  which  has  been  saturated  at  the  boiling  heat  with  aneuigus  acid  and  freed  &r<iB 


Kid  by  coolies.     It  is  soluble  in  caoslic  soda,  and  the  aolatioii, 
^aporated  to  dryness,  yields  ii  red  mnss  perfectly  soluble  in  water. 
Ferrrmt  Arimltr,  2Fe"0.As'0',  isolitnined  by  miiing  ferrous  sulphate  with  a  soIolioB 


imonia,  ss  a  gtFcziiBh  white  predpitate.  which  becomea  ochre- 
ja  iow  on  drying.     The  non-oxidised  compound  is  soluble  in  Hmmonia, 

ArienittefLead.—Tbanailnd  sail,  Pb"0,As-O".  or  Ph'As'O',  ia  obtained  by 
precipitating  neutral  acetate  of  lead  with  add  arsenile  of  potAssium,  or  with  arxenimK 
tcid  (Filhol),  or,  according  Ui  Bereelius.  with  ammonia  which  haa  bvea  aaturatad  with 
iraenious  acid  while  warm;  the  precipitate  obtained  by  the  latter  process  contAinii 
vater,  becomes  stronglj  electrical  b;  friction,  and  when  heuTed  gives  off  sotne  of  its 
tdd  and  water,  and  melts  to  a  yellowish  glass.  Neutml  arsenile  uf  lead  ia  aoaevh»l 
nluble  in  water,  insoluble  in  potash,  but  soluble  in  sola.  The  dipUmbie  tall. 
Fb*Aa'C>>,or2Pb"0.As=0', is  formed,  according  to  Filhol,  by  precipitatLngQeutnlaeeiata 
of  lead  with  basic  areenite  of  potaasium,  or,  accoiding  toBenelintt,  by  precipitating  basic 
■estate  of  lead  with  an  amniMiacal  tolatioD  of  araanious  acid.    It  ia  a  white  hydiated 
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pywder,  iatoliible  in  water  ind  in  unmonift-salti,  melting  to  a  jsOowiah  ^an  irLen 
o<>4ited.  According  to  Simon,  it  ia  obtained  by  passing  the  vapour  of  aneniona  ozida 
over  red>bot  oxide  of  lead,  aa  a  sulpbor-y allow,  easily  fusible  glasik  which  sustains  a 
ei^nsjclemble  degree  of  heat  without  decomposing.  A  tripluminc  $alt^  SPb^CAs^O*, 
or  Pb*A»*0*,  is  obtained  by  precipitating  basic  acetate  of  lead  with  a  boiling  solution 
of  arsenioua  acid.    (K  ii  h  n.) 

Ar$€nit§  of  Magne»ium, — Calcined  magnesia,  boiled  with  ancnious  acid,  takea 
up  a  portion  of  it,  bnt  not  in  any  definite  amount.  A  precipitate  of  uncertain  com- 
po^^ition  ia  obtained  by  mixing  sulphate  of  magnesium  witli  aad  arsenite  of  potassium. 
Mild  heating.  A  solution  of  suipbate  of  magnesium  is  not  precipitated  by  aqueous 
Mrsvnious  acid;  but  on  adding  a  small  quantity  of  ammonia,  a  copious  precipitate  ia 
f<  trmeil  which,  according  to  Stein,  has,  after  drying  over  sulphuric  add,. the  composition 

Mg'As'O*,  or  SMg'O.  As'O*.   It  ia  insoluble  in  ammonia,  but  diasolTOS  is  a  large  exceet 

of  aal-ammoniac.     (U.  Rose.) 

ArtgniU  of  Manganese,  3Mn''0.2Af<'C>*  +  5H*0,  Ib  obtained,  by  treating  a 
iuang:anous  solution  with  arsenite  of  ammonium,  as  a  rose-coloured  precipitate,  which 
oxidises  rapidly  in  the  air,  gives  off  1  at.  water  at  100°  C,  and  at  a  higher  temperature 
4rive.s  off  arsenious  oxide  and  metallic  arsenic,  leaving  a  residue  of  manganese  and 
nianganoos  arsenate. 

A  r smites  of  Mercury, — The  mercuric  salt  is  obtained,  by  precipitating  mercurie 
nitnite  with  arsenious  acid,  as  a  white  powder  soluble  in  nitric  acid.  It  disaolves  also 
in  HTsenite  of  potaasium,  and  if  the  solution  contains  excess  of  potash,  a  black  deposit 
of  reduced  metal  is  immediately  formed.  The  mcrcuraus  salt  is  obtained  by  double 
decomposition,  or  by  digesting  mercury  in  arsenic  acid,  as  a  white  precipitate  soluble 
in  nitne  add. 

Arsenite  of  Nickel. — ^The  salt  2NrO.Ai^O'  ia  precipitated  on  adding  arsenite  of 
potaftsium  to  a  nickel-aalt.  A  less  basic  salt,  3Ni"0.2As^O* -t- 4HH),  is  produced, 
according  to  Girard  (CompL  rend,  xxxiv.  918),  by  quickly  mixing;  a  solution  of 
••bloride  of  nickel  containing  a  large  excess  of  sal-ammoniac,  with  arsenite  of  potassium. 
It  ia  a  greenish  precipitate,  which  gives  off  10*3  per  cent.  (4  at^  water  at  110°  C. 
Wben  heated  in  the  air,  it  first  gives  off  its  water,  and  then  yields  a  aublimate  of 
arsenioua  oxide,  leaving  yellow  infbsible  arsenate  of  nickel : 

8Ni''0.2AaK)«  +  0»  -  3Ni"0.As«0*  +  Aa«0». 

Arsenite  of  nidcel  dissolves  with  violet  colour  in  ammonia.    It  ia  converted  by  nitric 
acid  into  arsenate ;  by  hydrochloric  acid  into  arsenious  acid  and  chloride  of  nickeL 

Arsenite  of  Potassium, — The  neutral  or  manopotassic  salt,  KAsO»,  orKK).As*0*, 
18  obtained,  by  boiling  the  add  salt  for  some  time  with  carbonate  of  potassium,  and 
agitating  the  residuaT  salt  several  times  with  alcohol :  it  then  remains  as  a  syrupy 
mass  (Pasteur).  Filhol  was  not  able  to  prepare  it  pure.  An  acid  salt,  K*0.2A8K>*  + 
2U'0,  ia  obtained,  by  boiling  potash-ley  with  excess  of  arsenious  add,  whereby  an  alka- 
line liquid  is  produced,  whidi  gives  with  silver-salts  a  yellow  predpitate,  2AgH).Aa*0\ 
mixed  with  arsenioiis  add,  the  liquid  at  the  same  time  becoming  add.  On  mixing  the 
alkaline  liquid  with  alcohol,  it  becomes  thick  and  turbid,  deposits  after  a  few  days 
right  rectangular  prismatic  cxystals,  adhering  to  the  sides  of  vessel  and  after  a  longer 
time  solidifies  completely  to  a  saline  mass.  The  salt  ^es  off  1  at.  water  at  100°  C, 
whence  it  should  perhaps  be  regarded  as  2KHAsK)*  +  HH)  (Pasteur).  The  baste  or 
utrapotassic  salt,  2R'''0.AsK>',  is  obtained  by  mixing  the  neutral  salt  with  excess  of 
potash-ley  and  precipitating  by  alcohol  It  is  very  soluble  in  water,  and  yields  with 
silver-salts  a  yellow  precipitate  of  the  diargentic  salt,  2AgH)  jLbH)',  the  liquid  remain- 
ing neatraL 

Arsmite  with  Iodide  of  Potassium. — A  solution  of  iodide  of  potassium  yields  with 
arsenious  acid  or  arsenite  of  potaenium,  a  precipitate,  2KL3AsK>*,  which  is  sparingly 
soluble  in  cold  water,  dissolves  in  19  pts.  of  boiling  water,  and  decomposes  at  815°  C, 
when  heated  with  sulphuric  acid  (Emmet,  SilL  Am.  J.  [2]  xviii  583).  By  passins 
carbonic  add  gas  into  a  solution  of  this  salt  in  a  small  quantity  of  boiling  water  mixed 
with  3  or  4  times  its  volume  of  hot  alcohol,  and  evaporating  the  resulting  syrupy 
liquid,  a  cnrstallised  compound  is  obtained,  consisting  of  2KI .  3(K^0.H-0.A^'0'), 
or  2(KI.3KAsO*)'t-  3HK).  This  salt  is  soluble  in  water  and  in  aJcohol,  and  reacts 
with  metallic  salts  like  a  mixture  of  iodide  and  arsenite  of  potassium.  Strong  snl* 
phuric  add  decomposes  it^  forming  a  red  or  yellowish  predpitate  of  arsenious  iodide. 
The  hot  saturated  solution  of  this  salt  deposits  on  cooling,  nodular  masees,  or,  wben 
carhonic  acid  gas  is  passed  through  it,  a  white  powder,  consisting  of  the  salt 
2KI.(K^.  HK).3As«0*),  or  2(KI.KHAs«0*).As«0*,  which  is  sparingly  soluble  m 
water,  and  when  heated  in  a  narrow  gbss  tube,  gives  off  vapour  of  water  and  metallic 
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lie,  tomtbcT  with  aneDioni  oxide.    TTo  iedina  !>  gina  aff  iiiiirm  tha  air  la 

n  to  ^c  ult.     '.R  Harma,  Amu  Ch.  Phann.  icd.  371.) 

rirnite  0/  aUvir.—Tbetftrarymtie  nit,  SAgV.Aji'O' -  Ig'Aj'O*,  fa  IbraK 

.  jeUow  precipiut«  on  tmiting  imlnticnu  of  silTer  nits  with  alkaline  anen^ 
Ml,  375).  It  gndaBlly  toma  d^  givj  when  expeaed  ta  tlM  air,  blad«ni  ifcxjxwi 
jilt  Wh«i)  hwtfd,  it  giTM  off.  accoiding  to  Simon,  fint  irater,  thai  ancnicii 
e,  and  lesrea  a  miitura  of  ancnat«  ofatvet  with  metnUic  dlrfT. 
QOthcr  uwmte  of  Bilrer  is  abtained,  according  to  Filhol,  aa  a  light  jrUor  pn 
ate  on  adding  amanmia  aatonted  with  imemoni  add  to  an  anunomaial  aalntim 
tnte  of  ailrar.  Bctveen  UV  and  1S0°  C.  it  blackena  aoddBnl;,  without  loM  c 
bt,  and  at  a  higher  t«Tnp«ratare  melta  and  eina  off  aiwoioaa  oxide. 

ia  easilj  aolubla  in  acetic  add  (whereby  it  is  distinguiahed  fiom  phostjiat*  •: 
r) :  aolnbla  alao  In  potaah.  The  Utter  aoklion  ia  not  predpitated  by  chbriik  e 
saium,  but  OQ  tbe  contrarr,  is  capable  of  diaaolring  an  additional  qoantitj  c 
ride  of  nlTer.  It  alowlj  depoaita  metallic  ailver,  while  araeoate  of  potaain 
lins  in  aolntioo.    When  a  aolutlon  of  chloride  of  palladium  or  platiDiii    ' 

araenite  of  potaasiam,  aad  then  with  anenite  of  ailvar  and  f  ' 
nam  or  palladium  leparatea  quickly  in  the  metallic  atate.  (RejDi 
tqut-argmiic  A'feniU,  3Ag'0.2A«"0",  or  AgK).4{AgAaO'),  ia  produied  aa  a  »hit 
ipitat«,  with  eroIntioD  of  ammOQi&,  when  nitrate  of  ailTer,  mixed  with  a  lar; 
la  of  nitrate  of  ammoninm,  is  added  bj  drops  to  araenite  of  potaaaiimi.  It  i 
lened  by  ligbt,  dissolTea  in  ammonia  and  in  *iH»a  of  arsenite  of  potaaainm.  an 
1  hcat«d  blackena,  yields  a  sublimate  of  arwnious  oxidt^  and  iMToa  a  liuihl 
.ae  of  a  fine  red  coloor.     (E.  Harma  and  othen.) 


rtettitr.  0/  Sodium. —  According  to  Past^ar.  the  a    . 

apond  exactly  to  the  potaaaium-fwlla,  excppting  that  the  add  aalt  doMI  DOt  crji 
■e.  Filhol  did  not  obtain  the  aeutnil  salt  in  a  state  of  parity. 
•«e«t((o/S(ron/iiini.— St'As'O'  +  IH'O.—SUvntia-water  ia  not  predpftate 
lueona  arseniona  acid  in  any  pr&portian.  oven  on  boiling  (Omelin).  Cblondea 
itium  is  precipitated  by  arsonita  of  pnlassium,  but  only  after  aome  d^jB.  A 
pitate  girea  off  one-fourth  of  ita  water  at  100=  C. 

•trnitet  of  rin.— Belli  the<(<innu  and  the«^nn«waaII«an«Uk  predpilaW* 
brmer  ia  dilficult  to  foae. 

aaanio  Oxisa,  Ai'O*,  or  JiO'.  In  the  ^diatodatat«,  AaaaKto  Acin^-TId 
lound  is  prodaced  by  oiidiaing  atatauaaa  aKide  or  aiBeniona  add  with  nitric  adc 
-regia,  hypochloTOua  acid,  or  otfacr  ondising  agents. — 1.  Wben  i  parts  of  anrmoo 
!>  are  gradually  added  to  S  pta.  of  nitric  acid  of  specific  gravity  I  '36,  the  miitoi 
Me*  luLand  aAerS4  houra  yields  a  lyrupy  lii^uid  like  strong  oil  of  ritrioL  coa»>i 
if  arsenic  acid,  still  containing  a  litUe  araemoua  acid,  which  may  be  compirtrl, 
iaed  by  tba  addition  of  a  amall  quantity  of  nitric  acid.  This  procesa  ia  aaed  fa 
preparation  of  arsenic  add  on  the  Ui«e  scale  {E.  Eopp).—  2.  Four  part*  ( 
lious  oxide  are  heat«d  with  1  pt.  of  hydrochloric  add,  12  pta.  of  nitric  acid  ar 
ually  added  (MitacherlJcb).  and  the  molting  solution  ia  eraporaled  to  •  ftf 
I  the  oxidation  aod  eraporation  muat  be  performed  under  a  chimury  baTiD|t  - 
draught,  becanae  part  of  the  araenic  ia  couTerted  into  chloride,  which  cacape*  ii 
nr. — S.  Aneoic  acid  ia  also  produced,  together  with  hydtochloric  acid,  I;^  paa^inj 
ine  g*a  into  oqneona  arseniona  acid. 
lenie  acid  forma  three  hydtatea  analogona  to  those  of  pLoaphoric  add,  tu,  : 

Monohjdiato  .  .  H'O.Aa'O*.  or  HAaO*  =  l*^io» 
Miydrato  .  .  aHK)jlj'0',  or  ffAsM)'- ^^''^IJO' 
Tribydrate       .        .  aH-OAa-O-,  or  H'AaO-  -  *^^i['|o« 

le  aynpT  eolation  obtained  aa  above,  dcpoaita,  after  atanding  for  aome  time  n 
J.  (60°  F.),  transparent,  rather  long  prisma  or  ibomboulal  laming,  eontaiain) 
>.Aa>0*  *-  H*0,  or  2H'AaO<  +  H'O;  —  tbey  deliquesce  rapidly  in  the  air.  uu 
Ive  in  water  with  great  rednctioc  of  temperature.  Both  the  water  «f  eiyslailuia 
and  the  baaic  water  may  be  expelled  by  heat 

le  cryatala  heated  to  100°  C,  first  melt  and  then  yield  fJie  IrikydraU.  H>A>0*,  H 
slalline  predpitata.    The  same  componnd  may  h«  obtained  in  larg«  traaspannl 

ala  by  e^oaiog  a  eoncelitiated  aolntioii  of  anenic  add  to  a  Teij  lo—  • • — 

•  It  0  -  (.  Ik*  fcnalB  are  B0. Jitr ,  lilO. AO>,aBil  aW). JiO'. 
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4 1  diMolTM  ttualj  in  witer,  withovt  reduction  of  temperatnre.  The  dihydraU^  H^Aa'O', 
which  miiy  be  regarded  m  a  compound  of  the  mono-  and  tri-hjdrates,  is  obtained  by 
beiiting  the  er]rst^liaed  add,  2H"AbO\HK),  for  some  time  to  \A(P^\^(P  C;  it  then  sepa- 
rator in  hard  shining  cxystals,  leiTing  a  mother-liquor  of  specific  grayity  2*36  at  16^  C. 
It  (liwiolTes  in  water  with  moderate  fiudlity,  but  the  solution  is  attended  with  great 
T\»e  of  temperature. 

The  mofiokydrat€,  HAsO*,  is  formed  by  heating  the  before-mentioned  ciystals  to 
200^,  and  at  last  to  206^  C. ;  the  mass  then  suddenly  becomes  pastr,  gives  off  a  large 
quitntity  of  aqueous  Tapour,  and  is  ultimately  conrerted  into  a  white  nacreous  sub- 
8t«nce  consisting  chiefly  of  the  monohydrate;  it  dissolves  slowly  in  cold  water, 
with  moderate  facility  in  warm  water,  producing  great  evolution  of  heat  (£.  Kopp^ 
Ann.  Ch.  Fhys.  [3]  zlviii.  196.) 

Araenic  Oiide,  Araemc  Anhydride,  Anhydrous  Artenic  Acid,  Pewtoxide  of  Arsenie, 
A8''H3\  is  obtained  by  heating  either  of  the  hprdrates  to  dull  redness,  and  remains  ia 
the  form  of  a  white  mass,  which  h4s  no  action  upon  litmus ;  is  nearly  insoluble  in 
water,  and  in  ammonia ;  and  scarcely  absorbs  water  from  moist  air,  even  in  the  course 
of  several  days,  deliquescing  only  after  a  long  time.  At  a  full  red  heat,  it  is  resolved 
into  arsenious  oxide  and  free  ozvgen. 

The  solutions  of  the  three  hydrates  and  of  the  anhydride  exhibit  exactly  the  same 
characters ;  the^  have  a  sour  metallic  taste,  and  all  contain  the  trihydrate,  the  other 
hydrates  being  immediately  converted  into  that  compound  when  dissolved  in  water:  in 
til  is  respect,  the  hydrates  ot  arsenic  acid  differ  essentially  from  those  of  phosphoric  acid. 

Arsenic  oxide  is  reduced  to  the  metallic  state  by  charcoal^  mctaist  cyaniae  of  potas- 
sium^ ^c,  at  a  red  heat,  in  the  same  manner  as  arsenious  oxide.  Aqueous  arsenic  add 
distK>lves  sine  and  iron,  with  evolution  of  pure  hydrogen ;  but  if  sulphuric  or  hydro- 
chloric add  is  present,  the  arsenic  add  is  reduced,  metallic  arsenic,  and  solid  arsenide 
of  hydrogen  are  deposited,  and  arsenetted  hydrogen  gas  is  evolved  (p.  363).  An  eUctris 
current  ^Mused  through  aqueous  arsenic  add  acidulated  with  sulphuric  or  hydro- 
chloric add  eliminates  arsenetted  hydrogen,  provided  the  solution  does  not  contain 
chlorides  (Blc^xam).  Sulphurous  acid  reduces  arsenic  add  to  arsenious  add,  with 
fomation  of  sulphuric  acid.  Uydrosulphuric  acid  slowly  predpitates  trisulphide 
of  arsenic,  the  action  being  assisted  by  heat,  or  by  the  presence  of  another  add. 
Hyposulphite  of  sodium  added  to  a  solution  of  arsenic  acid  containing  hydrochlorio 
add,  likewise  throws  down  tritw^yhide  of  arsenic  mixed  with  sulphur : 


gSt^&O'  +  2H»AaO*  -  Asf9  +  S»  +  6Na«S0*  +  3H*0. 

Arsenic  add  and  its  salts  arp  very  poisonous,  V«t  BOt  in  so  high  a  degree  as 
arsenious  acid  and  the  arsenites  (Wohler  and  Frerichs,  Ajbml  Ch.  Pharm.  Ixv.  336). 
A  strong  s(^ution  of  anenic  add  placed  upon  the  skin  produces  blistmi  like  banM. 

Arsenic  acid  is  now  extensively  used  in  calico  printing,  in  place  of  tartaric  add,  te 
developing  white  patterns  on  a  coloured  ground  in  the  chloriae-of-lime  vat. 

Arsexatss. — Arsenic  add  is  a  strong  acid,  expelling  all  the  more  volatile  adds 
from  their  salts  at  high  temperatures.  It  is  tribasic  like  ordinary  phosphoric  add, 
the  general  formula  of  its  salts  being  M'AsO*,  in  which  1  or  2  at  M  may  be  replaced 
by  hydrogen.*  The  solutions  of  the  tri-  and  rfi-metallic  salts,  M'AsO*,  and  M'HAsO* ; 
(sometimes  called  basic  and  neutral)  have  an  alkaline  or  neutral  reaction ;  those  of  the 
7/i/mo-metallic  (or  acid)  salts,  MH*AjO*,  have  an  add  reaction.  The  di-  and  mono- 
metallic arsenates  give  off  their  water  when  heated,  but  take  it  up  again  on  being  dis- 
solved in  water :  consequently  there  are  no  arsenates  corresponding  to  the  pyro- 
and  meta-phosphates. 

The  arsenates  of  the  alkali-metals  are  soluble  in  water ;  of  the  others,  only  the 
monometallic  salts  are  soluble  in  water ;  but  the  di-  and  tri-metallic  salts  dissolve 
readily  in  free  arsenic  acid,  and  in  the  stronger  mineral  acids,  less  easily  in  acetic 
adds :  hence  solutions  of  salts  of  the  earth-metals  and  heavy  metals  aie  predpitated 
by  arsenate  of  potassium,  but  not  by  free  arsenic  acid. 

The  dimetaliic  arsenates  of  barium,  strontium,  and  calcium,  are  insoluble  in  water, 
but  soluble  in  ammoniacal  salts  ;  hence  solutions  containing  arsenic  acid  together  with 
lar^e  quantities  of  ammoniacal  salts  are  not  predpitated  by  the  salts  of  barium, 
strontium,  and  calcium.  When  solutions  of  metallic  salts  are  predpitated  by  a  dime- 
taliic arsenate  of  an  alkali-metal,  an  insoluble  trimetallic  arsenate,  M*AsO\  is  often 
formed,  the  liquid  at  the  same  time  acquiring  an  add  reaction. 

A  solution  of  an  arsenate  in  hydrochloric  acid  is  slowly  predpitated  by  mUphuretted 
hi/drogtn,  the  predpitate  consisting  of  trisulphide  of  arsenic  and  sulphur  in  the  pro- 
|>ortion  of  the  pentasulphide ;  and  if  the  metallic  base  of  the  salt  is  likewise  thrown 
down  by  sulphuretted  hydi'Ogen  from  an  acid  solution,  a  precipitate  is  formed  consist- 
ing of  a  metallic  sulpharsenate.     A  solution  of  an  alkaline  sulphide,  with  subsequent 

•  For  diatomic  nttaU,  the  formuUr  are  (M")>Aft20*,  M"HAiO«,  and  M"H<Ai«0^ 
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addition  of  hydrochloric  acid,  acta  in  the  same  manner  as  aalphixKUcd  hjdngfai 
An  aqueous  solution  of  an  anenate  boiled  with  hypoautpkUe  of^  aodiuwi,  aqnnti 
tribulphide  of  arsenic  and  sulphur  on  addition  of  hydrochbrie  acid.  FoioMk  with- 
draws from  the  insoluble  arsenates  the  whole  or  part  of  the  aisenie  add. 

Solutions  of  the  tri-  and  di-metallic  arsenates  of  alkali-metal  gire  white  pncipitittt 
with  baryta-  or  linu-wattTf  also  with  salts  of  barium^  strontium^  eaicium,  the  ntrth^ 
metals^  iuanganeae^  zinc,  and  Uad^  also  with  stannous  and  ferric  aalte ;  jeUowisb- 
white  with  uranic  and  mtrcurous  salts,  yellow  with  mercuriC'SMiXM ;  rofe-colovnd  with 
co^o/^-salts,  green  with  nicA:< /-salts;  pale  greenish  blue  with  euprie  aalti;  light 
brown  with  platinic  salts ;  brown-red  with  n/uer-salta.  Theie  predpitatea  are  for  tiie 
most  part  soluble  in  arsenic,  sulphuric,  hydrochloric,  and  nitric  acid,  and  in  anmoiiiaMl 
salts :  arsenate  of  silver,  however,  is  not  soluble  in  ammoniacal  aaltOb 

Magncsium-9A\\A  mixed  with  sufficient  chloride  of  ammonium  to  preTgnt  pradpitik 
tion  by  ammonia,  give  with  solutions  of  arsenates,  a  white  erystaUine  pndpitatt 
of  anenate  of  magnesium  and  ammonium,  insoluble  in  aqueoua  ammonia  and  it 
chloride  of  ammonium ;  the  latter  character  distinguishes  it  from  the  eocTBapiiudiag 
salt  of  arsenious  acid  (p.  377). — Solutions  of  arsenates  added  to  excess  of  sw/jrWott 
of  ammonium  containing  nitric  acid,  form,  when  the  liquid  is  heated,  a  bright  ydkv 
precipitate  of  arseno-molybdate  of  ammonium. — All  arsenates  diasolTed  in  water  nt 
in  nitric  acid,  give  with  basic  acetate  of  lead,  a  white  precipitate  of  araenate  of  lotfl 
which  when  ignited  with  charcoal,  melts  and  is  reduced,  with  abundant  evohitioB  cf 
metallic  arsenic.  The  last  three  reactions  afford  very  delicate  tests  for  ansnie  acid. 
Tlie  reaction  with  uranic  salts  is  also  very  delicate,  being  perceptible  to  the  twcn^- 
thousandth  degree  of  dilution. 

The  arsenates  are  isomorphous  with  the  corresponding  phosphates. 

Arsenate  of  Aluminium,  2Al^*.3As'0*,  is  obtained  by  double  deeomposHiM 
as  a  white  precipitate,  easily  soluble  in  free  add,  and  remaining  as  a  Titnoos  warn 
when  the  solutions  are  evaporated. 

Arsenate  of  Ammonium, — The  triammonie  salt,  (NH*)'AaO^,  is  obtaiaed  fcy 

supersaturating  a  strong  solution  of  arsenic  add  with  ammonia,  as  a  heavy  nhhh 

powder,  which,  when  slightly  heated,  is  quickly  converted  into  the  foUowin  srit:  — 

The  diammonic  saXt,  (NH^)'.H^O\  is  formed  in  the  manner  just  mentioned  and  abi 

by  saturating  a  strong  solution  of  arsenic  acid  with  ammonia  till  a  predjjntato  bcgiM 

to  form ;  by  leaving  the  solution  to  evaporate,  it  is  obtained  in  prismatic  etyttik  flf 

the  trimetric  system,  which  effloresce  in  the  air,  giving  off  half  their  ammonia,  bat  as 

water.    When  heated,  it  decomposes,  yielding  metallic  arsenic,  ammonia,  watci;  sad 

nitrogen  gas.    Its  solution  has  an  alkaline  reaction.    The  monammome  or  emd  adt, 

KH^.H^.AsO*.  is  obtjiined  by  imperfectly  saturating  arsenic  add  with  MnmimM^    It « 

deliquescent,  very  soluble  in  water,  and  separates  frt>m  Uie  solution  by  spontaatiMl 

evaporation  in  square-based  octahedrons.    It  is  decomposed  by  heat  like  the  pneid- 

ing.    Its  solution  has  a  strong  add  reaction. 

Arsenate  of  Barium, — The  tribarytie  salt,  Ba'As'O*,  is  obtained  as  a  vUli 
powder,  nearly  insoluble  in  water,  by  precipitating  aqueous  arsenic  add  with  bent^ 
water  (Laugier),  or  better,  by  gradually  droppingtrisodic  arsenate  into  ehloridbcf 
ban  urn  ^G  r  a  h  a  m).  The  bario-monokydric  salt,  2Ba^AsO\  is  obtainsd  when  a  sohtiai 
of  the  disodic  salt  is  added  drop  by  drop  to  an  excess  of  chloride  of  barium.  If,  oo  thi 
other  hand,  the  arsenate  of  sodium  is  in  excess,  the  precipitate  formed  is  a  mixtaie 
of  the  di-  and  tri-barytic  siilts,  while  monobarytic  arsenate  remains  in  solntioo.  Us 
di-baiytic  salt  contains,  according  to  Mitscherlich,  ^  at  water  (2BaTHAsO*  -*•  WO); 
according  to  Berzelius,  2  at  It  gives  up  its  water  at  a  red  heat  In  contact  with  vstai; 
it  is  resolved  into  the  monobarytic  salt,  which  dissolves,  and  the  tribaiytie  salt,  which 
remains  undissolved  (Berzelius).  The  bario-tetrahvdrio  salt,  Ba'H^AsH)',  is  ob- 
tained by  adding  bar^ia-water  to  aqueous  arsenic  acid  till  a  precipitate  bcffina  loT 
also  by  treating  the  dibarytic  salt  with  water,  or  better,  by  dissolving  it  in  i 
arsenic  acid,  and  leaving  the  solution  to  crystallise.  If  a  very  large  excess  of 
acid  be  used,  the  solution  evaporated  nearly  to  dryness,  and  the  mass  tzeated  vitih 
water,  there  remains  a  white  powder,  consisting  of  an  acid  salt  oontaimM 
Ba"0.3H'0.2As«0»  +  2H«0,  or  Ba'ia*As«0*.A««0»  +  3HH).    (Setterberg.) 

Arsenate  of  Barium  and  Ammonium,  Ba''(NH^)AsO*  +  ^HK),  is  obtained  hf 
mixing  the  dibarytic  salt  with  ammonia  (Baumann),  and  BA*'(NH*yT¥*Afl^(y,  fcy 
mixing  a  solution  of  nitrate  of  barium  with  arsenic  acid  (Mitscherlich);  bou 
salts  are  formed  as  bulky  precipitates,  which  become  crystalline  after  a  while. 

Arnenateof  Calciu  m. — The  caleio-monohydric  salt  occurs  native,  as  HaitNmafHti, 
2rH"UAsO«  +  'H*0,  and  PharmacnlUe,  2Ca''HAsO«  +  6H"0,  and  may  be  ptepared  lika 
the  corresponding  barium-bait    The  calcio-tetrahydric  salt  is  soluble,  the  triealcic  mU 


ARSENATES. 


881 


inaolnblc   in  water ;  the  latter  ia  obtained  by  precipitating  chloride  of  caldnm  in 
excess  with  triaodic  anenate.     (Graham.) 

Arsenate  of  Calcium  and  Ammonium^  Ca"(NH*)A80*  +  6H'0,  ia  produced,  accord- 
ing to  Wach  ^Schw.  J.  xil  285),  by  mixing  a  hot  aolntion  of  arsenic  acid  in  excess 
of  ammonia,  with  nitrate  of  calcium,  and  crystallises  on  coolina;  in  tables  arranged 
like  steps;  if  the  solutions  are  mixed  cold,  the  salt  is  precibitated  as  a  powder.  Any 
arM-n ious  acid  thai  may  be  present  remains  dissolved.  Anotner  salt  Ca"(NH  '/H^As^O" 
ia  obtained  by  adding  ammonia  in  excess  to  a  solution  of  dicalcic  arsenate  in  nitrio 
acid,  as  a  flocculent  precipitate,  soon  changing  to  a  mass  of  needle-shaped  cryatala.  If 
only  enough  ammonia  be  added  to  precipitate  a  portion  of  the  salt,  and  the  remaining 
liquid  be  left  at  rest,  the  same  siUt  is  obtained  in  ciystals  belong^g  to  the  regular 
system :  it  is  therefore  dimorphous.    (Baumann.) 

Cerout  Arsenate,  2Ce''0 JLbH)» (?),  is  a  white  powder  insoluble  in  water,  but' 
dissolving  in  arsenic  acid  aa  an  add  salt,  which  dries  up  to   a  vitreous  maas. 
(Hisinger  and  Berzelius.) 

Chromic  Arsenate, — ChnwUc  salts  yield  with  arsenate  of  potassium  an  apple* 
green  predpitate. 

Arsenates  of  Cobalt,— The  eobalHe  salt  ia  a  brown  predpitate,  obtained  by 
adding  arsenate  of  potassium  to  a  solution  of  cobaltic  hydrate  in  acetic  add. 


tating  cobalt-salts  with  trisodic  arsenate. 

A  basic  arsenate  of  cobalt,  known  in  oommeroe  aa  Chaux  mltalii^ue,  is  prepared: 
I.  By  adding  carbonate  of  potassium  to  a  solution  of  cobalt-glance  in  nitnc  acid  or 
aqoa-regia,  as  long  as  a  white  precipitate  of  ferric  arsenate  continues  to  form,  then 
fi)tf>riii^.  and  treating  the  filtrate  with  more  carbonate  of  potassium  to  predpitate 
col»a]touti  arsenate. — 2.  By  fusing  cobalt-glance  with  twice  its  weight  of  crude  potash 
and  a  lit  tie  quartz-sand,  exhausting  the  fused  mass  with  water,  which  takes  up  snl- 
pliide  of  potassium,  together  with  arsenic,  iron,  and  potassium,  and  again  fusing  the 
white  regulus  with  potash,  whereljy  a  blue  slag  is  obtained,  which  is  used  for  the  pre- 
paration of  smalt,  and  a  pure  regofus  of  arsenide  of  cobalt^  which,  by  careful  roasting, 
IB  converted  into  the  required  basic  arsenate. 

The  product  obtained  by  either  of  these  processes  is  a  reddish  powder,  which  dis- 
solves m  ammonia  with  bluish-red,  or  in  hydrochloric  acid  with  x^  colour.  Caustic 
pottuih  extracts  the  arsenic  acid  and  leaves  a  blue  protoxide  of  cobalt,  which,  when 
ignited  with  1  or  2  pts.  of  alumina  yields  a  fine  blue  pigment. 

Gentcle,  by  melting  Chaux  mltaJliqw^  prepared  in  the  wet  way,  in  a  porcelain  ftip- 
nace,  obtained  a  mass,  the  cavities  of  which  contained  deep  blue  prisms,  yielding  a 
rot**-coloured  powder,  easily  soluble  in  acids,  and  consisting  of  4Co''O.A8'0*. 

The  dicobaltous  salt  is  not  known.  The  monoeohaltons  salt  is  obtained  by  evaporat- 
ing in  vacuo  the  solution  of  cobaltous  hydrate  in  excess  of  arsenic  acid. 

Arsenate  of  Copper,  Cu*As'0*,  ia  obtained  aa  a  green  powder  by  precipitating 
sulphate  of  copper  with  disodic  arsenate,  t3ie  liquid  at  the  same  time  becoming  acid. 
If  the  liquid,  together  with  the  precipitate,  be  mixed  with  a  sufiicient  quantity  of 
ammonia  to  dissolve  the  precipitate,  and  the  solution  be  then  left  to  evaporate,  crystals 
are  obtained,  consisting  of  (>u''(NH*)*As*0'  -f  2(NH*)H0,  which  are  permanent  in 
the  air  at  ordinary  temperatures,  but  are  decomposed  by  exposure  to  sunshine,  or  by 
a  temperature  of  800^  C,  ammonia  and  water  first  passing  ofiT,  and  arsenious  oxide 
subliming  at  higher  temperatures. 

Several  baaie  arsenates  of  copper  occur  as  natural  minerals,  viz.  4Cu"0.As*0*, 
occurring  with  1  at.  water  as  olivenite,  with  7H*0  as  euchroite,  and  with  lOH'O 
as  IwoemUe ;  also  dCu'O.AsK)*,  occurring  with  2H<0  aa  erinite,  with  6HK)  aa 
aphemsse,  and  with  lOHH)  aa  leirochroite  (Kupferschaum), 

Arsenate  of  Iridium. — Brown  precipitate  formed  on  adding  arsenate  of  sodium 
to  chloride  of  iridium,  and  heating. 

Arsenates  of  Iron,— A  ferric  arsenate,  2Fe«0«.3HK).3As»0»  +  9Aq,  or 
2(Fe*)**H'(AaO*)»  +  9Aq,  ia  obtained  by  precipitating  ferric  chloride  with  disodic 
arsenate,  as  a  white  powder,  which  turns  red  ana  gives  ofiT  water  when  heated.  At  a 
red  heat  it  glows  slightly,  and  acquires  a  more  yellowish  tint.  It  dissolves  in  hydro- 
chloric and  in  nitric  acid,  separating  aa  a  white  powder  on  evaporation.  It  is 
insoluble  in  acetic  acid  and  in  ammoniacal  silts.  Aqueous  ammonia  dissolves  it 
immediately  when  recently  precipitated,  slowly  after  drying.  The  solution  when 
evaporated  leaves  a  ruby-r^,  transparent,  fissured  mass,  consisting  of  ammonio-ferric 
arsenate,  soluble  in  ammonia,  but  deoompoaed  by  pure  water,  which  extracts  arsenata 
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of  kmmoaiuDi.  togetlm  vitli  ths  undecompoMd  portion  of  the  nit,  ami  Uath  fcrr 

anenale.  The  ammOQUcal  aolution  remaiai  clemi  *hsD  mixed  irith  ferrocyniifa  < 
puUisiium,  bai  on  addition  of  an  acid  yiel<!i  FnuaiKO  blu.  Wbea  difunu 
HnensM  i>  oiidieed  vilh  nitric  acid  and  amnionia  is  added  in  eiceaa,  a  pncipitiit' 
furmed  consinting  of  Fa'O'.Ai'O'.  or  (Fb"]"iA«0')',  inBolubla  in  anuDonia.  Ptfju 
eilnicta  port  of  the  acid,  laaring  a  compovDil  of  7  pta.  araenic  ao 
h  79  pts.  ferric  oiida.  corresponding  to  the  formula  laFeHy.Ai'O* 
24H'0  (Heneliui).  On  heating  thii  aJt  la  rednMS,  bright  incandsKMue  taL 
place,  but  no  arsenioui  oiide  is  giTsn  ofC 

Iron-ciiidtr  is  a  natiTs  ferric  anenate  containing  2FeK)*.A8>D*  +  12H<0  ;  Kondi 
U  Fb'O'.Ab'O'  +  4H'0  or  {Fe'y\AjO*)'  +  *H'0  ;  cubt-ort  is  a  ftrrato-ferne  artn.s 
-  FeO.Fe'O'.Aa'O'  +  fiH'O  ;  piilitilt  or  braien  iron  *«  i»  a  feiric  araenats,  IFeKl 
Aa'0>  +   12H'0.  combiaed.  or  perhaps  oalj'  miied,  with  ferric  aaiphate  and  mUc. 

b.  Ferrous  Artenate  ia  obtAiQad  by  precipitatioa  aa  a  vhite  povder,  irhich  ansuini 
a  dirt;  green  eolunr  when  expoeed  lo  the  air. 

Aritnatt  of  LeaJ.—Tim  fripiunbie  ealt,  Pb'As'O',  ia  prepared  b;  droppio! 
■olntion  of  a  leiid-Balt  into  nieesa  of  dlaodic  arsenate,  or  b;  digeating  the  dipLunb 
salt  with  ammonia.  When  heated,  it  taraa  jellaw  and  cakes  together,  but  doo  u 
melt.  iDSolnbl*  in  Hmmonia  aad  ammoniacal  salta.  A  dipliinilne  lalt,  2Fb'O.AjKJ 
or  Fb'Ai'O',  is  pi«cipitat»l  on  mixing  a  solatioD  of  nitratd  of  lend  with  sraenic  »^ 
or  with  leu  than  the  eqniralent  quantity  of  di-ammooic,  dipotuaic,  or  diaod 
arasuate.  It  ia  a  white  erjatalliaa  powder,  inaoluble  in  water  aod  in  acetic  an 
■oluble  in  nitric  and  in  hydrochloric  acid. 

Arieiio-eliiondt  of  Liad.~Ia  many  varietif*  of  pi/romorpiiU,  PbCI'.SFbTHD*.  ll 
phoepboma  is  more  or  less  replaced  by  arsenic 

Arttnatt  o/ !tfagnttium.—Tbe  trinagneiic  salt,  Mg'As'O',  is  fbrtDad  by  piw 
pLtating  sniphats  of  maa;nesium  with  disoiflc  aisenate.  or  bj  boiling  tha  dimagnet 
«alt  for  a  long  time  willi  a  atrong  solution  of  arsenate  of  sodium.— The  mu^vst 
mtmoAjfdric  aalt^  2Ug"HAH0<  *   ISH'O  (Qrabam).  is  formed  as  a  irhit«  inanlcb 

Srecipitate  on  mixing  the  dilute  solutions  of  3  pta.  sulphate  of  magneaituo,  and  6  p( 
isodic  arsenate.  In  the  recent  state,  it  disaolrea  enailj  in  nitric  acid,  bnt  it 
insoluble  in  acids  after  ignitioti.  The  magiHsio-tftrai^rh  salt  disaolrea  raadilj  i 
water,  and  dries  up  to  a  gummy  maaa. 

ArtmaU  qf  Magnaiam  and  Amaoniuiti,  Mg'(XB')AsO'  +  SH'O,  is  obuinad  at 
cryMaJline  precipitate  b;  adding  arsenic  acid  sUon);ly  supersatuialad  with  ammon 
to  a  aolution  of  a  magnesium-aalt  mixed  with  sal-ammoQiac  At  100°  C.  it  giTe*  o 
\\  of  ita  water  (44'28  per  cenU),  togetbar  with  ammonia  and  a  certain  poitioD  ' 
arsenic  Like  the  correepanding  phosphate,  it  is  almost  insoluble  in  wa>«T  eontaio^i 
ammonia,  or  in  sal-ammoniac,  and  ia  therefore  well  adapted  for  the  eatimatina  i 
arsenic  acid,  and  for  separating  that  acid  from  arsenious  acid.     (H.  Rnaa.  £  3S7.) 

An  antnale  of  Magnrtium  and  Caldvm.  containing  2(Ca'HAaK)'.Mg'HA*3') 
Ca'As'O'.Mg'As'O'  +   lOH'O,  occur*  native  a»ptcroj)Aflma«i(tto. 

Ar»i-nalf  of  Ma^ntiwoi  and  Poianium.  Mg'EAsO',  is  produced  by  foaing  aianai 
of  inagDesium  with  excess  of  carbonate  of  potassium,  and  adding  1  at.  bydm 
of  potassium  :  it  is  easily  decomposed  by  water.  The  eorreapoDding  soJinaa  talt 
obtained  in  like  msnner, 

Aratnatt  of  Manganen,  Mn'HAsO',  is  obtained  by  satniatiDg  arwnic  ad 
withrt      ■'  ' 

precipitate,  gtimmy  at  first,  allerwarda  becoming  cryitalline:  obtained  lika  the  ec 
■ponding  magneainm-aalt. 

Arirnalti  of  Mircvry. — A  mereuHe  aritnaU  is  obtained  4a  a  yellow  precipila] 
on  adding  arsenic  add  to  mercnric  nitrate,  or  araenate  of  sodium  to  msTcnne  chlorid 
The  same  yellow  salt  is  produced,  with  Tolaliliaation  of  arsaniou  oxide,  vben  anen. 
oxide  is  heated  with  mercury. 

Di-msrenrDM  aTKOatt,  2Hg*0.HK).AB'0'  +  HK),  or  (Hf'l'.H.AsO*  +  iH'O.  i 
oblnined  by  dropping  mercurona  nitr«te  into  a  strong  solution  of  arsenic  acid,  is 
white  pntcipitate,  which  tnms  red  in  drying.  When,  on  the  other  hand,  srwmi 
acid  or  arsenate  of  sodium  is  added  to  the  mercurous  salnlion.  a  double  salt  of  srwrni 
and  nitrate  of  mercumsum  ia  first  formed ;  bnt  it  qnickly  dceomposee.  ecpeciiUy  i 
heated,  assuming  a  yellow,  orange,  red,  and  ultimately  purple  tinL  When  either  c 
these  precipilntee  ia  dissolved  inwanq  nitric  acid,  and  uie  acid  is  gradually  neutral isa 
""*'"■ '     s  black  precipitate  is  formed,  wlii<i  turns  rod  whrn  healed  for  «iii 
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A  Kttle  water,  then  meranyi  and  leaves  yellow  mercuric  arsonato,  which,  at  a  Ir'ghor 
temperature,  ia  resolved  into  mercury,  arsenious  oxide,  and  frt'e  oxygon.  With  cold 
concentrated  hydrochloric  add,  it  yields  a  solution  of  arsenic  acid,  and  a  residue  of 
cmlomel,  which  is  resolved  by  boiling  into  mercury  and  soluble  mercuric  chloride.  It 
is  converted  into  mercuric  arsenate  by  boiling  with  nitric  acid,  but  tlisNolvcs  unchanged 
in  that  acid  when  cohl,  the  solution  being  precipitateil  by  ammonia.  It  diysolvos 
•lightly  in  aqueous  nitrate  of  ammonium,  and  i«e|)anit»»8  on  evaporation  with  fine  rod 
eoloor  and  cr>-stalline  structure.  It  is  quite  insoluble  in  water,  acetic  acid,  and  am- 
monia.    ^Simon,  Pogg.  Ann.  xli.  424.) 

MonoiHirruroiof  arf^c/utte,  Hg  O.As*0*,  is  produco<l  by  l>oiliiig  mercuric  oxide,  or 
the  di-mercur.'us  salt,  to  dryncbs  with  tu^uinms  arsenic  acid.  trltur;iting  the  dry 
maM  when  cold  with  water,  washing  the  jx)wder,  and  drying  it  over  the  wattr* 
btttii,  whereby  the  whole  of  the  water  is  expellitd.  It  is  white  and  amorphous,  givca 
off  mercury  at  a  red  heat,  and  leaves  mercuric  arsenate,  which  then  undorjroes  further 
deoonipi>sition.  By  careful  addition  of  potash,  it  is  converted  into  the  diraercurous 
■alL  With  hydrochloric  acid  and  with  l)oilin>r  nitric  acid,  it  behaves*  like  the  dimercurous 
salt.  In  cold  nitric  acid  it  dissolves  los^  abundantly  than  the  Inrtter,  and  on  heating 
with  gradual  addition  of  ammonia,  it  yiel«Ls  a  preeipitate  of  the  dimercurous  salt.  It 
is  insoluble  in  water,  acetic  acid,  and  alcohol.     (Simon.) 

A  double  salt,  consisting  of  arsenate  and  nitrate  of  mercurosum^  Hg*As*0'.Hg*N'0*, 
is  obtained,  when  water  is  carefullv  poured  upon  an  equal  volume  of  a  strong  solu- 
tion of  mercnroua  arsenate  in  moderately  strong  nitric  acid,  and  an  i^quui  volume  ot 
■qneona  ammonia  then  added,  without  allowing  the  liquids  to  mix.  The  double  salt 
is  then  gradually  deposited  in  white  noclules  and  needles.  If  the  mercurous  nitrate  be 
mixed  with  a  very  small  quantity  of  nitric  acid,  the  compound  is  obtained  in  the  form 
of  powder.     (Simon.) 

Arsenate  of  Molybdenum, — MuJyMous  Arsfvatff  is  a  grey  precipitate,  produced 
bj  mixing  molybdous  chloride  with  arsenate  of  sodium.  The  precipitate  redissolvea 
at  first,  but  afterwards  becomes  permanent. 

Areeno-molybdic  Acid.  —Arsenic  and  molybdic  acids  dipested  together  yield  a  colour- 
leas  acid  solution,  and  a  lemon-yellow  basic  salt,  insoluble  in  water.  The  solution 
«Taporated  to  a  syrup,  yields  colourless  crystals,  which  when  treated  with  alcohol,  first 
yield  white  flocks,  and  then  dissolve. 

ArsdUhtnolybdate  of  Ammonium. — On  addincf  arsenic  acid  to  a  solution  of  molyb- 
date  of  ammonium  and  heating  to  100^  C,  a  yellow  precipitate  is  formed,  similar  to 
that  pzoducedby  phosphoric  acid.  It  contains  7  p<^r  cent,  arsenic,  and  appears  to  be 
analogons  to  phospho-molybdate  of  ammonium.    (See  Puosphobic  Acid.) 

Arsenate  of  Nickel^  Ni*As*0", occurs  as  nich-l-bloom,  and  is  obtained  by  double 
decomposition  as  an  apple-green  crystalline  powder,  insoluble  in  water,  solul.de  in 
arsenic  acid  and  in  other  strong  acid.<i,  also  m  ammonia;  from  the  latter  solution 
potash  throws  down  hydrate  of  nickel  free  from  arsenic 

Arsenate  of  Palladium. — Light  yellow  precipitate  obtainetl  by  heating  to- 
gether the  solutions  of  neutral  nitrate  of  palladium  and  arsenate  of  sodium. 

Arsenate  of  Platinum. — Light  brown  powder  soluble  in  nitric  acid,  obtained  by 
pncipitating  platinic  nitrate  with  arsenate  of  sodium. 

Arsenate  of  Potassium,  —  The  tripotassic  salt,  K*AsO*,  is  obtained,  by  mixing 
aqueous  srsenic  acid  or  the  neutral  salt  with  potn><^-ley,  and  btrong  concentration,  in 
amall  needles,  which  deliquesce  quickly  in  the  air.  The  diptttassic  salt,  K'^HAsC)^.  is  a 
deliquescent  non-crystalline  mass,  produced  by  saturating  arsenic  acid  with  potash,  or 
\rf  ftudng  arsenious  oxide  with  hydrate  of  potassium. 

thitmonapotassic sait^  KH'AsO*  (Macquers  arsenikalisrhfs Mitt<halz\  is  prepared: 
!•  Bj  deflagrating  arsenious  oxide  .with  an  equal  weight  of  nitre,  dissolving  the  fused 
miT  in  water,  and  leaving  the  solution  to  cr>'stallise.  —  2.  By  mixing  aqueous 
carbonate  of  potassium  with  ^ch  a  quantity  of  ar»«r:iic  acid,  that  the  solution  reddens 
litmns-paper  but  the  redness  disappi'ars  as  the  pa{*er  dries,  and  then  evaporating. — 
3.  A  mixture  of  potash-ley  and  arsenic  acid  neutral  to  vegetable  colours,  deposits  the 
mODopotassic  salt  when  partially  evaporated,  the  alkaline  dipotassic  salt  remaining  in 
adntion  (Mitscherlich).  Monopotassic  arsenate  is  isomorphous  with  the  corre- 
nonding  phosphates  of  potassium  ard  ammonium,  and  with  monammonic  arsenate. 
!nie  dystals  have  a  specific  gravity  of  2638  ;  they  are  permanent  in  the  air,  and  give 
«irbnt  little  water,  even  at  288®  C,  but  at  a  red  heat  they  melt,  give  off  water,  and  are 
cofiTerted  into  a  thin  liquid,  which  on  cooling  solidifies  into  a  white  mass,  cracked  in 
all  directions.  They  dissolve  in  6'3  pts.  of  water  at  6*^  C,  forming  a  solution  ol 
smcific  gnyity,  1*1134;  they  are  mucn  more  soluble  in  hot  water,  but  insoluble  in 
■JeohoL     The  aqneous  solution  reddens  litmus,  but  the  redness  disappears  on  drying 
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It  does  uot  precipitate  tlie  bmUm  of  bariBin,  i-li-in™^  "■g^**'"'"i  or  the  olhta  mKI 

Arieiiale  of  Rkedium. —  TeIlovuh-irfait«  precipitato  formed  "hj  heaticg  aneiul 
of  sodium  with  chloride  of  rhodium  uid  •odium. 

Artinate  of  Silvrr.  —  Tte  tri-argntk  mlt,  A^AaO',  if  the  only  one  tfast  ru  t 
ubtuiiied  bj  precipilBting  citrate  of  silTer  vith  soluble  uaenstr* ;  it  u  a  dark  )iim 
precipitate  wWh  melts  to  s  bnjwn-red  gisas  when  heated,  ia  roOTerted  into  ehloridf  i 
BUver  by  hydrochloric  acid,  dissolres  in  aceticiicidiuidaqneoa>Bmmoma,aiidw1i«D  bnid 
in  (olphate,  nitrate  and  sncciaate  of  ammoDiiua.  ItdinolvM  alao  in  aqupons  an«i: 
acid,  aad  the  solutioa,  if  left  to  eTapont«.  deposite  the  monargaitMc  aalt.  A);H'A.->J 
Both  this  aalt  and  the  motheivlicjuor  from  which  it  haa  a^parated,  are  decompoaed  I 
water,  yielding  the  brown  triargentic  salt. 

The  triurgcntic  salt  treated  with  solpbiiric  acid  jields  by  eraparation  a  dooble  <([ 
A^'Aa'O'.Ag'^O',  which  is  deoompoaed  bj  wat^f  and  by  dilute  aulphnrie  aai. 
(Setterberg.) 

Arimalt  of  Sodium.— The  triioiioa/t,  Na'AsO*  +  ISQ'O  ia  prepared  bj  fufia 
I  aL  of  the  disodic  aalt  with  earbooate  of  Bodiam,  or  by  mixing  the  aqaeoua  aadatii. 
of  arr^nic  acid  with  exceaa  of  carbonate  of  sodium,  and  eraporating  to  a  biuaU  bull 
The  aalt  then  crystalliaea  almost  completely,  the  eicsM  cf  soda  remaining  diuolm 
The  cryat^  are  right  rhombic  priami  permanent  in  the  air;  they  hava  an  atkil:D 
taete,  melt  at  8S°  C,  and  diasolve  in  34  pta.  of  water,  the  aolubon  as  well  ai  f, 
ignited  salt  absorbing  moioture  bom  the  air.  The  diaodii  la/l,  Ha<KAK>'  +  l2ilK 
■eparates  from  a  solution  of  arsenic  scid  slightly  supemtnmted  with  carboiule  ' 
•odiom,  and  left  to  evaporate  below  18°  C.  in  large  efflorescent  ajstali  iaoiDOrfdwo 
witt  ordinary  phosphate  of  sodium.  By  lesriug  a  more  roncentr*.ted  xolutwn  t 
crystallise  at  20°  C.  or  above,  crjatiils  are  obtained  belonging  to  the  monoclinic  ay<m 
eODbiining  11  at.  wBtor,  and  not  effloreacenl.  Both  luDiu  of  crystals  ^ve  off  tt 
whole  of  their  crystallisation- water,  at  i(KM>  C,  melt  eteily  nt  a  higher  tempt-Taiur< 
and  giveofftheir  basic  water,  learing  the  anhydroDEi  sail,  2NaK)JU*0>.  or  Na'-Vi'' 
thia  anhydrous  salt,  however,  recoren  its  baaic  wat«r  when  redissolved.  Acmnlin 
to  Setterberg.  a  salt  with  20  at.,  water  of  crystallisation  aeparat«a  from  a  aolulir: 
cooled  to  0°  C. 

The  inonondie  wail,  NaH'AaO',  is  formed  when  arsenic  acid  is  added  to  cwrbomt 
■odium  till  the  solution  no  longer  precipit^Ifs  chloride  of  bsriam  ;  it  cryalalliaea  riii 
after  a  while  in  the  cold.  It  u  more  soluble  than  the  disodic  ult,  and  forma  lar^ 
crystals  isomorphous  with  the  corresponding  phosphate. 

Artmair  of  SWium  and  Ammonium,  Na(NH')HA»0'  +  4H*0.  ia  obtained  by  mii 
ing  the  Bolntiona  of  the  di-ommonic  and  disodic  aalta.  in  ciyatals  exactly  reaenb  I  in 
those  of  the  corresponding  phosphate  (microcosmic  asilt).  When  heated  to  rednm 
they  leave  ntooosodic  araenate.    (HitacherlJeh.) 

A'truate  of  Sodium  and  Polattium,  KNaHAsO<  +  l«iPO.  (Mitscheilichi- 
Obtained  by  neutialiaini;  the  monosodic  salt  with  carbonste  of  potassiiim.  The  cryiCaL 
contain,  according  to  Utilsoherlich's  analvais,  43'88  per  cent,  water,  the  preceding  l.i 

■^tM 

they  also  contain  the  same  quantity  of  wsti 

Arifno-fiuoridt  of  SiMlium,  Ns'AsO'.NaF  *  I3H%.— Prepaid  by  gradoally  in- 
troducing a  mixture  of  1  pt  sisenians  oiide,  1  pta.  carbonate  ot  aodimii,  3  pta 
nitrate  of  aodium.  and  1  nt.  nuor-iipar.  into  a  red-hot  cmciblc,  and  ultimately  healioji 
to  complete  fnaion.  On  boiling  the  fused  mass  with  water  ajid  filtering,  liie  douLli 
aalt  crystallises  ont  in  repilar  octabedrous.  exactly  like  mmmOD  aluin.  Tliey  have  i 
■peeifle  gravity  of  1849  at  21°  C,  diaaotve  in  9o  p(a  of  water,  at  £o°  C,  and  in  1  pta 
at  7S°  C.    (Brieglnb,  Ann.  Ch.  Pbarm.  icvii.  6G.) 

Artrruitalphalr  of  Sndium. — A  solution  of  3  at.  Na'HAsO*,  mixed  with  I  at.  sulphirif 
acid,  yields  ciystaU  containing  Na"AB^)".2NB"8(>',  or  4Na>0.3Aa'O'  ■■  2|Na'0.'!(i'>, 
their  solution  slightly  reddens  litmus,  but  still  turns  turmeric  brown  (Mitscherlii-lil 
By  dissolving  milphate  of  n>dinn)  and  disodic  anenate  together  in  equirxlent  pntiortinns, 
or  by  heating  anhydrous  disodic  arsenate  in  a  current  of  sulphurous  anhydride  (half  tin 
■racnic  acid  being  then  reduced  to  arsenions  acid,  which  volatilises),  and  rabucqcvut 
rHTystallisalion,  a  salt  is  obtained,  composed  of  Na'SO'.Ns'As'O',  which  does  3-t 
alter  by  exposure  te  the  air,  and  fuses  more  easily  than  either  of  it*  eompoaenl  uttf. 
(Setterberg.) 
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ArsenmU  of  Tkotinum^  ib  obtained  by  double  decomposition,  ai  a  white  fiocculent 
predpitate»  inaoluble  in  water  and  in  the  aqaeons  acid. 

Arsenate  of  Titanium, — Arsenic  acid  added  to  solution  of  titanic  oxide,  throws 
down  white  flocks,  which  di^  up  to  yitreous  masses,  and  are  soluble  in  free  titanic 
add,  as  well  as  in  ar&euic  acid. 

Ar$€mat49  of  7ifi.— The  stoimte  salt,  2SnO'.As'0*  +  10H<O,  is  precipitated  as 
a  gelatinoQS  mass  when  a  mixed  solution  of  stannate  and  excess  of  arsenate  of  sodinm 
is  treated  with  excess  of  nitric  acid.  It  is  transparent  when  dry,  and  gives  off  all  its 
wat«r  at  120<'  G.    (Ha ef  f ely,  Phil.  Biag.  [4]  x.  290.) 

BtannottM  Arsenate  is  a  white  precipitate  obtained  by  adding  arsenic  acid  to  stannous 
chloride  or  acetate.  Tin  heated  with  aqueous  arsenic  acid  eliminates  hydrogen  and 
forms  a  galadnous  mass. 

Arsenates  of  Uranium, — Uramie arsenate^  or  Arsenate  qf  CTrany/,  (UW)"HAsO* 
•f  iKK),  is  formed  b^  precipitating  uranic  acetate  with  arsenic  acid,  or  uranic  nitrate 
with  arsenate  of  sodium.  It  is  a  yellow  precipitate  which  gires  off  its  water  at 
120*»C. 

A  eodio-nranie  arsenate,  ^H)')1^aAsO*  +  f  HH),  is  obtained  by  mixing  a  solution  of 
uranic  nitrate  with  trisodic  arsenate ;  and  by  boiling  uranic  arsenate  with  solution 
of  basic  acetate  of  copper  (obtained  by  digesting  verdigris  with  water),  a  green  cupro' 
wratUe  arsenate  is  formed,  containinff  (nH)')*Cu''AsK)'  -t-  8Aq.    (Werther.) 

Uranoue  Arsenate,  U'^HAsO*  +  jUH),  is  a  green  precipitate  obtained  by  treating 
uranous  chloride  with  disodic  arsenate.  It  dissolves  in  hydrochloric  ad  J,  and  the 
solution  mixed  with  excess  of  ammonia  yields  a  very  bulky  predpitate  of  tri*uranons 
arsenate,  IPAs'O'.   (Bammelsberg,  Pogg.  Ann.  lix.  96.) 

Arsenates  of  Vanadium, — A  solution  of  vonadic  hydrate  in  excess  of  arsenic 
add  yields  by  evaporation,  a  crust  of  blue  crystalline  granules,  containing  1  at. 
vanadic  oxide  (VO^)  to  1  at.  anhydrous  arsenic  add.  It  dissolves  very  slowly  in 
wat«r,  but  easilv  in  hydrochloric  add.  A  more  basic  salt  is  obtained  as  a  syrupy 
mass,  mixed  witn  crystals  of  the  preceding  salt,  by  evaporating  a  solution  of  arsenic 
add  saturated  with  vanadic  oxide. 

If  the  solution  of  the  crystalline  compound  in  nitric  acid  be  evaporated  till  nitrous 
acid  begins  to  escape,  a  ydlow  powder  is  deposited,  which  is  a  compound  of  vanadic 
and  aneaic  anhydndes,  2VK)*^AsK)*. 

Arsenate  of  Yttrium, — The  di-yttrie  salt  obtained  by  predpitation  is  a  whita 
heavy  powder,  which  dissolves  in  nitnc  add,  and  separates  therefiK>m  in  crystalline 
gmina.  The  nitric  add  solution  supersaturated  with  ammonia  yields  the  tri^yttrie  salt 
Yttria  disMh«s  in  excess  of  arsemc  add,  but  the  solution  when  heated  deposits  the 
dh-yttriesalt 

Arsenats  of  Zinc, — Acetate  of  zinc  treated  with  arsenic  add  or  arsenate  of 
sodium,  yields  a  white  precipitate,  which  dissolves  in  excess  of  arsenic  add,  and  se- 
parates on  evaporation  m  cubical  cr}  stals  of  an  acid  salt.  Zinc  dissolves  in  aqueous 
arsenic  add,  with  evolution  of  arscnetted  hydrogen,  and  deposition  of  metallic  arsenic 
mixed  with  brown  solid  arsenide  of  hvdroffen.  When  zinc  and  arsenic  oxide  are  fused 
together,  a  large  quantity  of  arsenic  is  reduced,  with  slight  detonation. 

JHrimeie  Arsenate,  Zn'AsH)'  -(-  8HK),  occurs  as  Kottigite  in  the  Daniel  cobalt  mine 
near  Schneeberg  in  Saxony,  forming  monodinic  crystals,  or  crusts  with  crystalline 
strocture.  Specific  gravity  3*1.  Hardness  2*5—3.  It  is  of  light  carmine  or  peach- 
bloasom  colour,  translucent,  and  gives  a  reddish-white  streak.  The  zinc  is  partly 
replaced  by  cobalt  and  nickel,  ijialysis  87'2  per  cent.  As*0*,  30*5  2inO,  6*9  CoO, 
2*00  KiO,  with  trace  of  lime,  and  23*4  water.  (Eottig,  J.  pr.  Chem.  xlvii.  183; 
Naumann,  ibid,  256.) 

Sulphate  of  zinc  added  to  a  solution  of  arsenate  of  sodium  containing  ammonia  pro- 
duces a  predpitate  of  trizindc  arsenate,  which  soon  changes  to  a  crystalline  compound 
containing,  according  to  Bette,  Zn*AaK)*.2NH'.8HK)  (?). 

Arsenate  of  Zirconium. — ^White  predpitate  insoluble  in  water. 


,  OXTBSamDB  or.    Bromarsenious  Add,   AsBrO.  —  Arsenioui 

oxide  dissolves  easfly  and  abundantly  in  fosed  arsenious  bromide,  forming  a  somewhat 
risdd  dark-coloured  liquid,  which  does  not  solidify  so  quickly  as  the  pure  bromide. 
If  this  liquid  be  distilled  till  it  becomes  rather  thick  and  then  allowed  to  cool  to  about 
\6(fi  (C.  or  F.  ?)  it  separates  into  two  layers,  the  lower  of  which  is  a  soft  dark-coloured 
maas,  consisting  of  the  oinrbromide  AsBrO,  while  the  upper,  which  is  very  viscid,  is  a 
compound  of  the  oxybromide  with  arsenious  oxide,  probably  6  AsBrO  JLb'O*  ;  both  these 
bodies  sie  decomposed  by  heat,  giving  off  bromide  of  arsenic  (W.  Wallace,  Phil.  Mag. 
[4]  xviL  122).    An  oxybromide  of  arsenic  is  likewise  formed  by  the  action  of  water  on 
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the  tnomids  (Sarnllai}.    When  bromide  of  u««iu:  u  bailed  witli  •  qnailtitj' of  witr 

conttining  hjdrobroauB  odd  not  mffldent  to  diwolve  it,  the  DndinalTed  portioii  i 
eooTntM  into  o^bromide.  A  cold  eolation  of  bromide  of  uwnii:  !□  nter  FonbiiiuB 
hydrobromic  edd,  yields,  br  OT»por»tion  otet  ■olphnrie  edd,  thin  white  pearly  cryit*]- 
eonnetiiig  of  hydrated  oiybronude,  2AeBrO.3B*0.  A  eolutioo  of  bromide  of  inecri 
in  water,  prepued  at  the  boiling  heat,  depoeiti  on  eooling  (^rrstali  of  arseoioits  oud« 
bQl  if  the  water  eoatains  a  large  quantity  of  hj drobromio  acid,  the  imliition  depo«<«  c 
cooling  , white  flodci  of  a  rompooad,  vhioh  after  dicing  between  filter-paper,  onvtri 
of  2AAr0.3A»'0'  +  12H'0.— When  bmmide  of  ammoninn)  is  iidded  to  a  cold  ew 
centrated  lotiition  of  bromide  of  arsenic,  aii-sided  tables  are  slowly  deposited,  cooiijti;* 
tnainly  of  anLydiomi  bromide  of  araenic     (Wallace,  lee.  eit.) 

AXnWIO,OXTCBU>mZDM  or.  Chlomrttnuui  Jdd.  AaClO,  or  AsCI'.ArO 
— Pulrerised  areenions  oride  added  in  mccesaite  portioni  to  boiling  chloride  of  trata 
eoDttDQce  to  dissolve  till  the  liquid  contains  2  at.  chloride  to  I  at.  oxides  The  na 
■olation  ii  obtained  by  passins  dry  bydrochlorie  sdd  gu  into  a  Teasel  eoataimuK  dr 
sisenioas  oxide  till  the  latt«r  la  duBolred :  great  heat  is  erolred  dming  the  tracsim 
Od  ditilillipg  tiie  solntioa  obtained  bj  either  pmcees,  till  it  begins  to  froUi,  and  leirin 
the  reddne  to  cool,  oiycbloride  of  anenic  separatee  as  a  Tisdd,  transliiceDt,  bnnraii 
mass,  which  fnmee  slightly  in  the  air,  and  absorbs  oiygen  from  it,  fioiha  when  itroDgl 
heated,  giving  off  chloride  of  arsenic,  and  at  the  subliming  tempentnre  of  uvenioi 
oxide,  Imtss  a  hard  Titreooa  reaidae,  coneistiag  of  AsClO.As'O'. 

O^chlorids  of  arsenic  is  likewise  proliiced  when  chloride  of  anenic  b  tmat<4  wit 
a  quantity  of  water  not  suffident  to  dissolve  it  completelr.  A  solntioa  of  chloride  i 
anenic  In  the  smallest  possible  quantity  of  water  (8H>0  to  lAsCl^  dqiodta,  afti 
some  daya,  imall,  white,  needle-shaped  crystals,  grouped  in  ataia  or  like  prelmit«,  u 
consisting  of  AsCtO.H^ ;  the  mother-liquor  yields  an  addittODal  qoasti^  vbea  miie 
with  chloride  of  sodium. 

Ozychloride  of  arsenic  unites  with  metallic  chlorides.  Bj  mixing  aqueous  dikeid 
of  aiaenie  with  a  quantity  of  hydrochloric  acid  suffldent  to  {attvent  the  aepatvtion  i 
oxychloride,  and  then  adding  a  lamp  of  sal-ammoniae,  etyitala  of  that  siUt  •eparal 
DDt  at  flnt,  and  after  *  few  days,  flbnras  needles  of  (he  compound  AbCI0.3NH<(: 
apparently  containing  }  at.  HK),  which  is  given  off  when  the  crystals  an  left  over  lul 
pIiuricKid.    (W»llaee,PhiLMag.  [*]xvL3fi8.) 

ASBXMXO,OXnODZBS  OT.  AifPO'^  >- 2AsI0.3AaK)*.— A  hot  aqoMOS  nJi 
tion  of  siseaioas  iodide  depodts,  when  concentrated  by  boilinf^  flne  red  oeedlea  of  th 
anhyOrons  iodide  ;  but  if  left  to  cool  slowly,  it  depodts  thin  peaily  li>'niBlTi  wbich  sfli 
dTyingbetwcenbibnlonspaper.arecomposedofiAalO.SAs'O'  +  6HK),  and  girecffa 
their  water  over  sulphuric  add.    Th^  are  decomposed  by  water,  and  irttem  htut 

G'eld  a  sablimate  ehiefiy  consisting  of  iodide  of  anenic,  while  ataenioua  Dxid«  teauis 
ihind  (Wallace,  PhiL  Msa^^(*]  xviL  122).  The  formation  nt  this  coi^xiand  hs. 
previooaly  been  observed  bjf  niason  and  by  Semllaa  snd  Hotlot,  who  rcgaidcd  it  ■ 
a  compound  of  arsenions  oxide  with  arsenions  iodide.    (Q-m.  iv.  282.) 

AKSMMZC,  OXrmxnnsa  OV>  See  SnLPBOiascnaTS  or  PoTUoin 
(p.  396). 

AKSWZOi  •VXranMH  or.  The  sulphidea  of  •lamio  are  more  muneroii 
Chan  Ills  oxides.  There  are  three  well-deflned  suljdudes,  As^S',  Ai*S*,  and  As^  [a 
JiS*.  AiS',  and  AtS^,  US-  IS],  all  of  which  act  as  aulpbar-ttcids.  The  Bat  tw 
occur  as  natoial  minerals,  mdgar  and  orpimeni,  and  may  also  be  obtained  in  the  fn 
state  by  aitiflcial  processes  ;  the  third  is  known  only  in  oombination.  Besides  tha 
compounds,  there  is  a  niAsulpliide,  As"8  (7),  which  remains  as  a  brown  powder  whfi 
the  disnlphide  Aa'S*  is  digested  with  canstic  alkalis ;  and,  according  to  Beizeliu,  i 
ptrtulpiidt.  As'S'',  obtained  in  yellow  crystalline  ecalea,  by  mixing  a  •otutioo  <t 
dipotaasic  or  disodic  mlpharsenate  with  alcohol,  and  evaporating  to  about  tvo-thiidi 
but  the  product  thns  obtained  is  most  probably  a  snlpbarseuate  with  excess  of  SDlphm 
When  arsenions  oxide  is  fused  with  sulphur,  snlphuiotis  anhydride  is  emlTed,  ud  i 
snlphide  of  arsenic  containing  excess  of  aulpbur  rsmaina.  On  distilling  tliia  raidx 
iulphor  pBssss  over,  accompanied  by  a  continually  increasing  quantity  of  uhm 
Much  of  the  ordinary  sulphur  of  commsrce  is  k  compound  of  this  naton. 

DiBDLPHiDiopABsaxm  Aa*8',  BbU^t.  Bad  Orjiintmi,  oc  Bnly  Btlplmr 
rotAsi   Raue^geib,    Arimie    talphiri    rmi^e,   Singailo;    Smderaea  of    Pliny  ■ 


rhombic  prisms  of  ths  monoclinic  system,  having  an  orange-yeUon  ™  _„ „ 

colour,  resinous  Instiw,  and  mora  or  less  translncent :  streak  Tarfing  flrom  onsiie 
tidtouioia-red;  &actarecDDch<&lal,nn«Ten;  Bselile.   SpedBe gnvi^  -  3-(  to  SI 
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H&rdncsi  «  |*5  to  i.  It  if  finmd  aooompanying  ores  of  silver  and  lead,  at  Andreas- 
huT^  in  the  Haxs,  Kapnik  and  Kagyag  in  Transylvania,  Felsobanja  in  Hungary, 
Joachifflsthal  in  Bohemia,  and  Schneeberg  in  Saxony.  At  Tiyowa  in  Hongarv,  it 
occurs  in  beds  of  clay;  at  St  Gothard  imbedded  in  dolomite;  near  Julamerk  in 
Koordistan ;  also  in  the  Vesuvian  lavas,  in  minute  crystals.  Strabo  speaks  of  a  mine 
of  «<tiu2(iraM  at  Pompeiopolis,  in  Paphlagonia.    (Dana.) 

Bisulphide  of  arsenic  may  be  prepared  bv  melting  metallic  arsenic  with  sulphur  or 
orpiment,  or  sulphur  with  anenious  oxide,  in  the  required  proportions.  As  thus 
obtained,  it  is  transparent  and  of  a  ruby-colour,  easily  ftisible,  and  oystalline  after 
Bolidifioation  £tom  ftision.  An  impure  product  is  prepued  on  the  larp^e  scale  by  heat- 
ing in  a  subliming  apparatus  a  mixture  of  arsenical  pyrites  and  iron-pyrit^  and 
meltinff  the  product  with  arsenic  or  sulphur,  according  as  a  darker  or  lighter  colour  is 
deaireX  This  commercial  pfoduct  is  amorphous,  usuallv  brown-red,  opaque,  and  of 
Tfuiable  composition,  generally  containing  arsenious  oxide.  It  is  used  as  a  pigment, 
though  not  so  much  now  as  formerly. 

Bisulphide  of  arsenic  bums  in  the  air  with  a  blue  flame^  forming  sulphurous  and 
arsenious  oxides.  When  deflagrated  with  nitre,  it  produces  a  bright  white  light 
Indian  white  fire  is  a  mixture  of  24  pts.  nitre,  7  pts.  sulphur,  and  2  pta.  realgar.  The 
disulphide  heated  with  nitric  add,  yields  arsenic  add  and  free  sulpur.  mth  strong 
sulpiuric  add,  it  forms  sulphurous  and  arsenious  adds.  When  it  is  digested  in  fine 
powder  with  potatk4ey,  part  dissolves  and  there  remains  a  brown  pow£r  consisting 
of  Aa»«a  (?) 

HTFOsuLPHABamnt. — ^Theee  are  sulphur-salts  formed  by  the  mixing  of  disulphide 
of  arsenic  with  basic  sulphides*  They  are  for  the  most  part  sparingly  soluble  in 
water.    The  little  that  is  known  of  them  is  due  to  the  researches  nt  Benelius. 

The  ammamumr€aU  is  deposited  in  small  dark  brown  granules  on  the  sides  of  a 
dosed  vessel  in  which  neutral  sulpharsenite  of  ammonium  is  kept  for  a  long  time.  It 
absorbs  ammonia-gas,  but  gives  it  ofif  W^  on  exposure  to  the  air. 

hypoiutpkartenite  of  Potasiiuvk  — *&e  colourless  liquid  obtained  by  boiling  trisul- 
phide  of  arwnic  with  moderate  concentrated  carbonate  of  potassium,  deposits  in  the 
eoone  of  IS  hours,  brown-red  flocks  of  the  salt  2K%Jks*8*,  or  E^As'S^  If  this  com- 
pound be  washed  with  a  small  quantity  of  cold  water  till  it  swells  up  to  a  jell^r,  and 
then  treated  with  more  water,  tne  greater  part  dissolves,  forming  a  red  solution  of 
the  salt,  8E*SJls'S*,  and  leaving  an  insoluble  dark-brown  powder  consisting  of 
K'S.SAi^,  which  melts  easily  when  heated,  and  solidifles  on  cooling  to  a  transparent 
dark  red  mass.  The  basic  salt  SK^JU^'  remains  perfectly  soluble  in  water,  even 
after  complete  drying. 

The  soonmh  ^poiuiphartemUa  resemble  those  of  potassium. 

Other  hyposulpnarsenites  are  obtained  hj  predpitation.  The  barium  and  ealcium 
salts  are  red-brown ;  the  moffnssimii^-^aU  is  brown ;  the  mtmganese»salt  dark  red. 

TnisuLPMiDB  OF  Absbhio,  or  Absbnious  Svlpbidb.  In  combination: 
SvLPHABSBiaous  AoD.  AiffiF,  or  Am9,  Orftment,  Yellow  Sulphide  of  Arsenic,  GeVba 
Rausehgdb,  Sisigallum,  Awripigmentwm  (Vitmvius);  Arsenicum  (FUny);  *Ap<rinKOP 
(Diosoorides)  I  'Affdmcw  (Theophrastus). — This  sulphide  occurs  native  in  rhombic 
prisms  belonging  to  the  trixnetric  system,  easily  splitting  parallel  to  ooPoo  into  thin 
flexible  laminifi  They  are  translucent,  of  lemon-yellow  colour,  indinine  to  orange-yellow, 
with  pearly  lustre  on  the  deavage-faces,  resinous  eLsewhere ;  powder  lemon-yellow ; 
specific  gravity  8*469  (Karsten),  3*48  (Mohs,  Haidinger),  34  (Breithaupt). 

Tnsulphide  of  arsenic  is  obtained  in  the  pure  state  bv  passing  hydrosulphuric  add 
gas  into  a  solution  of  arsenious  add  or  an  arsenite  addulated  with  one  of  the  stronger 
adds.  As  thus  prepared,  it  has  a  fine  lemon-yellow  colour,  becoming  darker  by  heat, 
and  produces  an  orange-yellow  powder:  it  mdts  easily  and  volatiBses  at  a  higher 
tcmperatnre. 

Aji  impure  trianlphide  is  prepared  on  the  lane  scale  by  subliming  7  psrts  of  pulve* 
rised  arsenious  oxide  with  1  pt  of  sulphur.  &  always  contains  more  or  less  oxide^ 
inasmuch  as  to  convert  that  compound  completdy  into  trisulphide  requires  7*3  pts.  of 
sulphur  to  10  pts.  of  the  oxide :  nenoe  this  preparation  is  much  more  poisonous  than 
the  pure  artificial  sulphide  or  the  native  sulphide.  It  was  formerly  much  used  as  a 
pigment,  under  the  name  of  Kiwfs  yellow,  but  is  now  almost  entirelv  superseded  by 
chrome-yellow.  The  arsenious  oxide  may  be  extracted  from  it  by  boiling  with  water, 
or  with  dilute  aqueous  adds,  or  cream  of  tartar. 

Arsenious  sulphide  is  also  used  in  calico  printing,  the  pattern  being  printed  with  a 
prm)aration  oontuning  arsenious  add,  ana  then  pamed  through  water  containing 
hydrosulphuric  add.  A  solution  of  orpiment  in  potash-ley  is  used  ia  dyeing  as  a  de- 
oxidising agent,  especially  for  reducing  indigo.  A  paste  composed  of  slaked  lime, 
orpiment,  and  watw,  is  employed  by  some  nations  as  a  depilatory  for  removing  the 
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beud ;  hat  it  ii  a  dangtnnu  prepu&tion,  and,  BCODTding  to  Bottgcr  m^  be  t*- 
[Jsiwd  far  tMi  pnrpofle  tr^  ■nlphjninte  of  e&leiuiB. 

Dieirmpotitiim4, — 1.  Anemoiu  idphide,  lik«  all  the  other  nilphicIeB  of  •rMsiF.  k 
eoDTertfli  hj  oaridinng  ag^nit  into  oxidee  of  solphur  mnd  arsetiic.  Wluo  it  is  fnved 
with  acid  »alpialf  ofpotattttim,  inlphaiDug  oxide  (SOi)  ii  gires  o^  and  anoiite  d 
potunam  remaini  mixed  with  neutral  sulphate. — 2.  Exposed  to  the  actiiaii  of  cAWuu 
''  '  «  heated,  and  deliqn»cai  toabromi  liquid  coDsistiiig  of  a  ■oIphoc)ilin-><i> 

'''"^■(H.Hosb).— 3,  The  vapour  of  anemona  ■ulpUi' ' -* 

mi  other  metoU,  ia  decompoeed,  ^eldiu^  a  met 
-  -  ^  if  the  other  metal  ii  in  exceas,  onitea  with  it. 

4.  When  the  rapour  is  passe<1  otw  red-hot  time,  anenic  ia  aepaiated,  and  aiveniU 
of  ealdcm  is  produced,  together  with  sulphide  of  cHlciam. 

G.  Araeniotis  sulphide  heated  with  carbonate  of  foiaamm  Or  tedium  in  ft  kIam  lahc 
jiolds  a  mirrer  of  arMuic,  together  with  sulpharsenate  and  anenate  of  UU  ailtah' 
metal.  Ifthsmiitgre  is  heated  in  an  atmoephere  of  Ayiim^ot.  or  with  additioii  <rf  f  lo'' 
RNii,  the  anenical  mirror  is  increased  hj  the  iraeiuc  redncsd  &om  the  aramate ;  Um 
Bulphaisenate  remains  ondecompoaed.    (H.  Roae,  Poxg-  i*"*!.  xc  6M.) 

5.  When  arseiiiaus  sulphide  is  heated  in  a  t«rt-lube  with  a  mixture  of  aJialin, 
earbonaU  and  eyanidt  of  jtolauium,  the  whole  of  the  anemic  ia  reduced,  aeconling  ti 
Ficwniiia ;  onlj  part  of  it,  accoidina  to  H.  Bose,  because  the  sulphiir~«ialt  of  mfx* 
fbrmed  at  the  same  time  reaials  vin  actios  of  the  rTanide  of  potaasinm.  Hrid 
anraioui  mlphide  fbaad  with  PTanide  of  pataBman)  and  exceaa  of  aDlphar  doe*  no 
jield  aDj  arsenical  minor.  The  fbrmation  of  the  mirror  maj  alao  be  prpreuted  h^ 
the  presence  of  other  eoailj  reducible  metals,  which  concert  the  anenic  into  h 
anenida,  and  do  not  give  it  np. 

7.  Wheu  aisenious  idlphide  is  boiled  with  the  (olation  of  on  oUo/intearAoKaCf,  am 
the  concentrated  solution  ia  filtered,  a  elear  liquid  is  obtuned,  which  depoakta  a  browi 
powder,  consisting  of  hTpoaulpharaenite  of  the  aliali-mstal,  while  a  solpbuacuale  re 
mains  in  solation.  A  similar  decomposition  takes  place  when  a  solabla  neutral  solpJi 
arSBuite  ia  treated  with  water. 

8.  Anenkias  sulphide  is  readilj  diasolred  b;  odd  caustic  polaah,  soda,  or  ai 


undergoing  exactlj  the  same  decomposition  as  antimonioas  nlpbide  nndef  aimila; 

circumstances  (p.  32'i^  the  oxygen  d  the  allcali  converting  the  anenie  into  aneniov 

id,  while  the  alkali-metal  unites  with  the  sulphur,  and  the  basic  nlphide  thn 


»  (p.  32-i\  the  oxTgtn  ot  the  allcali 
the  alkali-metal  unites  — "■  "■-  - 
formed  combines  with  the  rest  of  the 


*As"S"  +  5E?0  -  SfKiSM^  +  2K'0^'0' 
On  adding  an  add  to  thia  aoktion,  no  sulphuretted  hjdn^en  is  eTolved,  but  tbe  vlieli 
of  the  sulphur  and  aiMoio  an  separated  as  arsenious  SDl[mide : 

3{K^As^)  +  aKK).A«'0>  +  lOHCa  -  lOKO  +  6BH>  +  4Aa^ 

SuLFHABSKinTBS. — Arscnious  sulphide  unites  with  bwia  metallic  aulphidea  in  tlirs 
different  proportions,  forming,  with  potasaium,  tbr  example,  the  compounds  SK^Ai^ 
or  K-AaS-,  2K«Aa>S'  or  K'Aa«*,  and  K'SAs'S'  or  ZAsS'  [or  SKS.2AiS;  ZA'SJj.ST 
andSA.^i#.— Of  these,  the  iJi&arirorfctrainefaf/iB  salts  are  the  most  oonunon,  lad 
ore  regarded  aa  nenlral  or  normal  anlpharsenitea. 

The  aolnble  sulpharsenitea  are  prepared:  1.  Bj  igniting  sulphanetiatea  ont  nf  eon. 
tact  with  the  air,  2  at.  snlphur  then  escaping. — 2.  b;  diaaolTing  aieeniona  nilphii)r  is 
an  alkaline  sulphide  or  Bulphjdrate;  in  the  latter  ease,  inlphnretted  bydro«!«)  is  ervln^ 
—  3.  By  dissolving  btmuious  sulphide  in  a  cold  solution  of  caustic  alkali.— 4.  Bj  di»- 
solving  anenions  oxide  in  an  alkaline  sulphjdrate,  in  which  case  half  of  the  alkali  » 
Mnrerted  into  arsenite ;  t.g.: 

AaKf  +  2EHS  -  KAaS*  -t  KAsQi  +  BK>. 

The  only  snlphanenites  that  are  soluble  in  water  an  those  of  the  alkali-metal^ 
alkaline  eorth-metals,  and  magnesiuia,  and  even  these  are  decomposed  by  water,  unha 
the  water  is  in  considerable  qnanti^.  Hence  the  solutions  cannot  be  eTsponted  to 
dijsess  without  decompoaitian.  The  solntiona  ore  colourless  or  yellowish,  ta^iof 
h^tatic  at  first,  and  afterwards  disgustmgly  bitter.  —  S.  The  solpbiinenitee  of  tli« 
earth-metals  and  heaty  metals  are  obtained  br  precipitating  a  soktion  of  the  ctsn- 
■pondiw  campoDDd  of  an  alkali-metal,  obtained  by  eiuier  of  the  methods  2,  3.  4,  with 
a  salt  of  the  earth-metal  or  heavy  metal.     (Berielius.) 

The  sulpharsanites  are  either  yellow  or  red.  Most  of  Ihem.  when  ignited  out  nf 
eontact  of  air,  give  off  all  their  sulphur-acid ;  others  give  np  snch  a  quanti^  that  the 
rerfdue  contains  S  at.  solphnr-base  to  1  at  sutphur-auid ;  but  the  ■ulpoanenites  of  the 
alkali- metala,  even  those  which  contain  equal  numbeis  of  atoms  of  base  and  acid,  gin 
off  nothing  wlien  ignited.    Tbe  alkali-metai  wmpoands  obtoiMd  by  the  fiut  melhol 
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when  treated  with  a  imall  quantity  of  water,  and  the  dilotft  solntions  obtained  by 
method  2,  3,  or  4,  when  they  eraporate  in  the  air,  are  resolred  into  brown  hyposulph- 
arst^nite  which  is  precipitated,  and  snlpharaenate  which  remains  in  solution ;  bat  the 
decomposition  is  not  complete  till  the  solution  is  concentrated  to  the  ciystallising 
point  of  the  latter  salt  If  the  decomposed  mass  be  digested  in  a  laii^  quantity  of 
water  and  boiled,  the  whole  is  reconverted  into  sulpharsenite  and  redissolved.  The 
solutions  of  the  barium,  strontium,  calcium,  and  magnesium  salts,  containing  1  at.  base 
to  1  at«  add,  deposit,  on  boiling,  a  portion  of  the  arseuious  sulphide ;  the  ammonium, 
potassium,  sodium,  and  lithium  compounds  remain  undecomposed.  On  adding  alcohol 
to  the  aqueous  solution  of  a  compound  of  1  at.  of  arseuious  sulphide  with  2  at  of  the 
sulphide  of  an  alkali-metal,  a  compound  eont4iining  3  at.  of  sulphur-base  is  precipi- 
tated, while  a  compound  containing  1  at  of  sulphur-base  remains  in  solution : 

3(2K^SjLi<8«)  -  3K*SJU>S>  +  K'S.As>S*. 

Bat  the  precipitated  tribasic  salt  toon  turns  black,  being  resolved  into  hyposulph- 
arseiiite  and  sulpharsenate.  The  potassium  and  sodium  compounds  exhibit  tiiis 
blackening  on  the  addition  of  alcohol,  even  when  ihh  solution  contains  nothing  but 
tribasic  sut  (SK'SJU^')  ;  but  with  the  ammonium,  barium,  strontium,  and  cJcium 
salts,  it  does  not  take  place  unless  the  solution  contains  dibasic  salt  (2Ba''S.As'S').  — 
Aqueous  solutions  of  sulpharsenites  exposed  to  the  air  are  decomposed  by  oxidation 
(more  slowly  in  proportion  to  the  excess  of  sulphur-base),  depositing  orpiment  and  a 
brown  compound  of  disulphide  of  arsenic  with  the  sulphur-base.  I^drated  oxide  of 
copner,  added  to  a  solution  containing  a  compound  of  sulpharsenious  add  with  the  sul- 
ph.ae  of  an  alkali-metal,  decomposes  that  compound,  yielding  twelve-basic  sulph- 
arsenite of  copper,  which  remains  undissolved,  and  a  hyacinth-r^  solution,  containing 
an  alkaline  arsenite  and  tribasic  sulpharsenite  of  copper,  and  deposits  the  latter  on  the 
uddition  of  hydrochloric  add.     Perhaps  in  this  manner : 

yiJx«S.As«S')  +  27Cu"0  =  2(r2Cu"S.As«S»)  +  3Cu"SAs«S'  +  3(3K«0.2As«0«). 

If  the  hydrated  oxide  of  copper  is  in  excess,  the  arseuious  add  contained  in  the  solu- 
tion is  converted  into  arsenic  add,  and  the  protoxide  of  copper  reduced  to  sub-oxide. 
—  Oxide  of  silver  in  excess  decomposes  the  solution,  forming  sulphide  of  silver  and 
alkaline  anenite: 

EAsS*  +  2Ag*0  -  2Ag^  +  EAsO*. 

Sulphartenite  of  Ammonium,  2(NH*)'S.As'S'.  —  The  solution  of  arsenious 
sulphide  in  sulphide  of  ammonium  or  caustic  ammonia  yields,  when  mixed  with 
alcohol,  a  precipitate  of  this  oompodtion,  which,  however,  soon  turns  brown.  If 
previously  mixed  with  sulphydrate  of  ammonium,  it  depodts  white  featheiy  crystals  of 
Die  bade  salt'  ^3NH^)'S.As%*.  Finely  divided  arsenious  sulphide  absorbs  6|  per 
cent  of  ammonia-gas,  but  gives  it  up  again  when  exposed  to  the  air. 

8ulpkart$nite  of  Barium, — ^The  solution  of  arsenious  sulphide  in  sulphydrate  of 
barium  dries  up  to  a  red-brown  gummy  mass  of  the  neutral  salt,  2BalS.As^,  perfectly 
soluble  in  whter.  Alcohol  predpitates  from  the  solution  crystalline  flakes  of  &e  basie 
salt,  SBa'*9Jlb*9F,  which  is  likewise  obtained  by  treating  arsenious  sulphide  with  excess 
of  sulphide  of  barium. 

Sulpharsenite  of  Bismuth,  2Bi^jLs*S',  is  a  red-brown  precipitate,  which 
turns  black  in  dzyinff.  By  Aision,  a  grey  metallic-shining  mass  is  obtained,  con- 
sisting of  the  basic  siut 

Sulpharsenite  of  Cadmium, — Cadmium-salts  mixed  with  a  saturated  solution 
of  arsenious  sulphide  in  sulphide  of  ammonium,  yidd  a  yellow  precipitate,  2Gd''6.As'S'. 
which  becomes  orange-yellow  when  dry,  and  semifluid  when  heated,  giving  off  part  ol 
the  arsenious  sulphide,  and  leaving  a  fused  grey  compound  containing  a  larger  pro- 
portion of  cadmic  sulphide. 

Sulpharsenite  of  Calcium, — When  orpiment  is  digested  with  milk  of  lime,  and 
the  solution  is  filtered  from  the  arsenite  of  caldum,  which  forms  at  the  same  time,  a 
colourless  filtrate  is  obtained,  which,  by  spontaneous  evi^ration,  yields  feathery 
crystals  of  the  bade  salt  3Ca'^As'8',  surrounded  by  a  brown  syrup  of  the  neutral  salt 
2Ca''S.As'8*.  This  syrup  digested  with  an  additional  quantity  of  arsenious  sulphide 
turns  yellow  and  deposits  a  brown  powder  consisting  of  h/posulpharsenite  of  caldum, 
Ca^'S.As^.  The  s(uution  of  the  sulpharsenite  containing  excess  of  sulphide  of  calcium 
yields,  with  alcohol,  a  white  predpitate  of  the  basic  salt,  containing  3Ca  S.As'S*  +  1 5Aq. 

Sulpharsenite  of  Cerium,  2Ce''S.As*S*. — ^Ydlow  predpitate.  which  acquires  a 
deepejr  colour  when  diy,  melts,  and  evolves  part  of  the  arsenious  sulphide  when  heated, 
and  when  roasted  gives  up  all  its  arsenic,  and  is  completely  converted  into  sulphate. 

Sulpharsenite   of    Chromium,   2Cr*S'. 3 As'S".:— Greyish  yellow   predpitate, 
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grmniih-jBllinr  ifter  izjing.    Wbea  heated,  it   melti  uid  ^Ina   edT  pott  ot 
uaenioiu  mlphide,  and  ii  ooaTartad  into  chtomie  oxide  hj  toMtug. 


Svlpkartiniti  of  Cobalt,  2a/%Aj^,  ii  a  daik  brown  praeipitafai,  v 
become!  black  in  dijing,  dissolTea  in  exaeaa  of  the  pi«is[ritaiit,  and  when  igi 
in  cloM  Teauli,  iMve*  a  midne  having  the  eompotitioD  of  eobalt^f^Anea. 

•f-.— A  tmJve-baaic  adt,  ISCd'^.Ai^,  nmiaiiia  m 
n  capric  hydrate  ii  added  to  BolntioD  of  moiuifnt 
nlptunenat^  till  the  eolonr  of  the  liqnid  is  no  longer  altered.  Tba  tniAatie 
SCa'SjLi'?,  i»  predpitiilcd  in  light  bRi*a  flakea  on  adding  hjdnyrUoric  add  to 
hncinth-r«d  ■olntion  obtained  u  the  nunner  jut  mentioned.  Tb<  nentnl 
SCnQ.Aa'S,  ii  obtained  bj  adding  nantial  ralphanenite  of  lodiam  to  a  cnnie  mi 
a  bUek-bnnm  predpitAte,  which  aoqnirea  a  metal-grej  iipect  by  tritnratian,  T) 
distilled,  it  flint  giTe*  off  nlphiir,  than  menions  snl^ude,  and  leaTca  a  tana 
metal-gnj  ssbstanoe,  probabl j  coniiitiag  of  cuprona  ajpoialpbaraeoita. 

Sulpiarttnitt  of  Glueiinim,  2Q^.Ab<8',  ii  ■  jellow  pteeipitata,  liwmad,  viti 
evolntion  of  ■nlphoretted  hjdnigen,  on  adding  a  nentnl  glnannni^alt  to  ■  Mils 
of  nilphids  of  eodiiun  eatniiitcd  with  aiMoiooe  sulphide.  Aoidi  Kipaimte  bnt  I 
■nlphontled  hjdrogea  from  it,  ammonia  partlj  dincdree  it,  and  learea  pore  glseiB 

Sulpkarttniti  of  Gold,  2An^'.8A»^.  — TeUow  pmnpilate,  becoDiiiig  iki 
as  it  Mttln  down,  black  when  dry,  and  yielding  by  tritoralian  a  jeUow-brown  pov 
At  a  dull  ted  hMt,  it  melts,  gives  off  part  of  the  arsenioQa  Ktlpbide,  and  aolidiflei  i 
transparent  yellow-red  mav.  yielding  by  ixy  tritntatioB  a  yellow-brown  — i — ,  wb 
howerer,  by  cootinned  tritoratjon  onder  water,  assume*  a  metallic  lostre^  m 
from  i«dQced  gold.  To  Gxpel  the  whole  of  the  anenions  snlphide  reqniraa  a 
white  heat 

SMlfharttnitei  of  IroK.—tiiB  ftrrio  tait,  2Fei7.3A<^,  is  an  olive-^ 
precipitate,  solnUe  in  ezceai  of  the  precipitating  alkaline  salphanenite,  aoamna 
green  coloor  when  dry,  and  a  fine  yellow-graen  by  tritniatiiHL  It  melts  naailj  w 
bpsted,  and  decompoaa  at  a  red  heat,  leanng  pnre  niphide  of  iimi.  Tba/arrsiia  t 
3Fa'6.Aa*£^,  is  a  brown-black  precipitate,  lUso  sobibre  in  exceaa  of  the  psvcipala 

Ey-brown  when  diT,  daA  greenish  after  tiitiiration.    It  ia  decomposed  by  hi 
ring  pnre  sulphloe  of  iron.    The  dried  precipitate  always  eoniaiiis  fanic  oi 

Bulpkartenita  of  Lead,  JFb'S.Aa'S'.— Bed-brown  preeipitata.  blMi  when  d 
melts  to  a  brittle  metallic-loolcing  tnaas,  a  ■hining  grey  orstaluse  fractnr^  and  yii 
ing  a  grey  powder. 

i8K/pi(arMiitl<  e/£i(Ai«M  tetemblea  the  potaiaiani- and  sodimn-taHa. 

Bulpkariinilt  of  Jlfa^)t««i<iin.^Tbe  aqneoiis  Blatioti  er^iBBted,  or  oeo 
to  —  fio  C,  becomes  ught  toown,  and  depoiits  a  brown  powder  omsiEting  et  hypoi 
phanecita  of  magnemiun ;  then  dries  to  a  Tiaeid  mass,  which  altiniatilj  MUdif! 
and  is  almort  wbmly  solnbla  in  water. 

SulpkarttniU  0^  Mangamii. — Light  red  precipitate,  beeoming  (B:uig»-yd 
when  dry.  Heated  id  eltae  veaseK  it  gives  off  a  considsrable  portion  of  tha  arsenic 
niphide,  and  leaves  a  yellow-green  compound,  ftom  irtiich  hydrochloria  acid  aztni 
tlw  manganese,  with  avolntion  of  solphnretted  hydrogeik,  leaving  a  recidoe  of  sis«iiiii 
snipbidi 


BalpkarMtnileM  of  Xireurv.—Tha  neutral  nermrie  mU,  iH^'S.Af^,  k 
Mang«-red  flocenlsnt  pmnpiCatc.  nieh  beoomes  white  in  prcaenoa  of  mi  i—  of  meron 
chloride,  bnt  letuiu  its  oalonr  if  the  precipitant  ii  in  eieeea.     It  is  dai^  brown  w 


dij,  and  pves  a  yellow  powder.  When  heated,  it  yislds  a  grey  metallio-ahining  m 
limat*  of  Bg'UAa'S*,  which  is  tnLoslDcent  in  Chin  fllnu.  and  yields  a  yellow  jnwd 
when  finely  ground.  The  eurrunnu  soil,  3{Hg')"S^>'S',  is  a  black  predpitata,  riii 
detaepitatea  with  explosion  when  distilled,  giving  off  merciuy  and  yiddii^  asnUimi 
of  meiauona  hypoao^iharBanite  in  black  opaqne  metallic  ouiti,  <iiich  yield  a  n 

Sulpkartmiti  of  Molf/bdeniin. — The  eolation  of  molybdio  acid  in  hydrodliv 
acid  fimnB  with  solpbaraenite  of  aodlnm,  a  daA  brown  powder,  which  become*  htank  i 
drying  and  deeompoSM  at  a  red  heat,  giving  off  aisemoos  so^hide  and  salphnr,  as 
leaving  difulphide  of  molybdenum,  Uo7. 

Sutpkaritnitt  ofHUkit,  SHi'SjUS-,  is  a  blackpredpiUte,  which,  when  d)*till« 
easQygivM  off  all  its  arseuions  sulphide^  and  Isavea  yellow  UDtmd  tnlphid*  of  ni^ 

Bulpkarttnilt  of  Potassium.— The  oeutzsl  salt,  %'K^AjfS?,  is  obtained  b 
igdljag  ths  MRtqionding  snlpliarMnata  (2K'EUla9)  till  the  excea  at  nlphor  i 
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driren  off  It  If  a  daik  jellow  nuus,  which  beoomee  yellow  on  ooolixig.  Treated  with 
water,  it  yields  a  aolvtion  of  basic  snlDkarBeiiate  (3K^SjLb*S*)  and  a  residue  of 
hypoeulphaisenite.  When  araenious  solphide  is  dissolved  at  mean  temperatnre  in 
aqueous  nlphydrate  of  potassium,  till  all  the  sulphuretted  hydro^n  is  eliminated, 
the  solution  contains  an  acid  tulpkaraenite^  K%.2As^.  This  solution  is  decomposed 
by  evaporation,  depositinff  brown  hyposulpharsenite  of  potassium,  K'S.AsS.  On  mixing 
the  solution  with  aloohoX  a  white  precipitate  of  SK^As'S'  is  formed  at  first ;  but 
it  soon  becomes  brown  and  svrupY,  and  deposits  the  hyposulpharsenite.  When  car- 
bonate of  potassium  is  fused  with  arsenious  sulphide  till  the  excess  of  the  latter  is 
expelled,  there  remains  a  mass,  consisting  of  K'SjLb^.  This  salt  is  decomposed  by 
water,  the  add  salt,  E'S.2As^,  dissolving,  and  a  compound,  still  richer  in  aisenious 
sulphide,  remaining  undissolved. 

Sulpharsenite  of  Silver,  SAg'S.As'S',  is  a  light  brown  precipitate,  transparent 
at  firs^  becoming  black  during  collection ;  when  heated  in  the  dry  state,  it  melts  and 
gives  ofif  part  of  the  arsenious  sulphide.  The  black  fbsed  mass  yields  a  brown  powder. 
When  acid  sulpharsenite  of  sodium  is  precipitated  by  a  saturated  solution  of  chloride 
of  silver  in  ammonia,  a  dark  yellow  precipitate  is  formed,  containing  6Ag^  JLi'S*. 

Sulpkanenite  of  Sodium, — Strictly  analogous  to  the  potassium-Bslt 

Sulpharsenitea  of  Tin. — The  stannous  salt,  2SnSJLi*S',  is  a  dark  red-brown 
precipitate,  infusible,  but  giving  off  part  of  its  sulphur  at  hish  temperatures.  The 
stannic  salt,  SnS'J^^,  is  a  gummy  yellow  precipitate,  which  becomes  orange-yellow 
when  dry. 

Uranie  Sulpharsenite,  2U'S'.Ab*S*,  is  a  dingv  yellow  precipitate,  which  melts 
and  gives  off  part  of  its  sulphur  when  heated,  and,  after  exposure  to  a  white  heat, 
leaves  a  grey  porous  mass,  still  containing  arsenious  sulphide. 

Sulvkarsenite  of  Zinc,  2Zii'*8Jit^. — Lemon-yellow  precipitate,  orange-yellow 
when  ory ;  eives  off  arsenious  sulphide  when  heated,  leaving  a  more  basic  compound, 
and  at  a  higher  temperature,  pure  sulphide  of  sine. 

Sulpharsenite  of  Zirconium,  2Zr%*JU9. — Orange-yeUow  precipitate,  quite 
insoluble  in  eseess  of  the  alkaline  snlpharMnita. 


PBMTASVLPmDB  OF  ABSBirxo,  or  Absbnio  Sulphiob.  In  combination: 
SuLFHABSBXXo  AciD.  As^,  or  Asl^. — ^A  substance  containing  arsenic  and  sulphur 
in  this  proportion  is  precipitated  when  a  soluble  sulpharsenate  is  decomposed  by  hy- 
drochloric add ;  but  it  appears  to  be  rather  a  mixture  of  the  trisnlphide  with  free 
sulphur.  When  sulphuretted  hydrogen  is  passed  into  an  aqueous  solution  of  arsenic 
acid,  sulphur  is  first  separated,  and  remains  for  a  Ions  time  suspended  in  the  liquid. 
The  preapitate  contains  a  very  small  quantity  of  trisnbhide  of  arsenic,  which  may  bs 
extracted  oy  dilute  ammonia,  pure  sulphur  then  remaining.  The  filtered  liquid  is  then 
found  to  contain  arsenic  add,  together  with  a  small  quantity  of  arsenious  add ;  and,  if 
sulphuretted  hydrogen  be  then  rapidly  passed  through  it  for  a  short  time,  a  predpitate 
of  trisnlphide  of  arsenic  is  obtained.  If  this  predpitate  be  separated  by  filtntion,  and 
the  passage  of  the  sulphuretted  hydrogen  continued,  the  liquid  again  becomes  turbid 
from  separation  of  sulphur,  and,  by  repeating  these  operations,  the  whole  of  the 
arsenic  may  be  predpitated  as  trisnlphide.  (H.  Kose^  ^^SS-  ^""  c^  18fi ;  H* 
Ludwig,  Arch.  Pharm.  [2]  xcvii.  23.) 

A  sulphide  of  aiseoic  corresponding  to  anhydrous  arsenic  add,  AsK)*,  does  not 
therefore  appear  to  exist  in  the  free  state.  Nevertheless,  the  predpitate  thrown  down 
by  adds  from  solutions  of  sulpharsenates  has  the  composition  of  the  pentasulphide^ 
and  as  such  dissolves  completely  in  alkaline  sulphides  and  in  strong  ammonia ;  diluta 
ammonia,  however,  dissolves  out  the  trisnlphide  and  leaves  the  sulpnur. 

SuLFRABSBirATBS. — Thcss  sslts  may  be  regarded  as  compounds  of  pentasulphide  of 
arsenic  with  basic  metallic  sulphides.  Our  knowledge  respecting  them  is  chiefly  dua 
to  the  researches  of  Berzelius.  They  are  for  the  most  part  mono-,  di,  or  tribasic,  a  few 
instances  only  occurring  of  sulpharsenates  with  larger  proportion  dther  of  iiilphur* 
base  or  sulphur-add.    Their  guieral  fionnnls  are : 


Monobasic  or  Monometallic 


Dibasic  or  Tetrametallio 


Tribasic  or  Trimetallic 


M^SAsV  or  MAsS* 


2M'SJU«8*  or  M^As'S* 


ZWaJL^&  or  M>AsS' 


AsS< 


Mj 


S» 


A]?8* 


^]^ 


•  For  dlitomic  nutaU :  M''A<>S>,  (H-yHiW,  ad  OI")*A(>K 

C04 
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Tht  tdnnuUUie  nlti  tn  gtnatHj  ngarded  M  neotnl ;  the  mOBOBaUIlie  ■■  acid; 
the  trimataJlie  M  bwie. 

The  aalphaiMiutca  IK  i^epitTed ;  1.  Br  paamn^  nilphucett«d  hydrogoi  thraagh  tki 
BolntioQ  of  u  uienrnta  in  water  or  in  hTiuoclilonc  wad,  thna : 
K*A<0'  +  *H«  -  K'A»S*  +  4HK). 
— 3.  BjftiaiiigoipiiiicntwitliaxaBaofaD^haraiidaaHiaticalluIioralkaliDfcartiaate 
— 3.  Bj  digcatiiig  the  buitlphide  in  an  aqasoui  aolntion  of  a  dinUpfaide  or  poljnlvladi 
of  alkaU-metaL — I.  B;  diaaolTing  the  pentasnlphida  (AjfSf  +  23)  io  •  csostic  aJkalt, 
or  in  an  alkaline  carlimiats  at  the  boiling  hML  In  thia  eaaa  an  atamate  ia  fcrmed  i) 
the  aame  time. — S.  Tboee  nilphuTCUMa  vhich  an  inwlable  in  wale  tomj  b*  obtaiatil 
hrpradpitation  ttom  the  Bolntion  of  an  alkaline  aolphanenate. 

The  drr  nilphaTBenata  of  the  alkali-metali  are  lemon-feilnv ;  the  (Aat  red  n 
bromi.  Thej  are  pemianeDt  in  the  air.  Thoea  which  are  eolable  taate  btftatir  *l 
brat,  afterwarde  intenielT  bitter.  The  tribHsic  salti  hare  u  tcodeony  to  e<7ataDiK ; 
the  dibanc  and  monobanc  ealti  are  amorphooii. 

The  trimetallic  iiUphareenatee  of  patiuiiiua,K>diani,  lithinin,  and  barisni  maj,  if  lii 
be  rzdnded,  be  hented  almoit  to  whiteDeea  without  deeompositioa  ;  on  cooling,  t^ 
salidiiytoa  TellowmaMpeitbctljisolDble  in  water.  The  tetrametallic  and  noDometallK 
8nlphanenat«a  of  theae  metala  Riva  off  ■alphnr  when  heated,  and  are  eoararUA  iato 
Holpbafvenitea.  The  ■ilrep'  and  merrarj.aidte  (the  latter  of  which  BnUimtf)  remain 
nndeconipoaed  at  a  red  heat  The  otber  tetmoiPtallic  and  moDomelallic  avlpbanoutn 
are  decompoaed  by  ignition,  flnt  jielding  aolphur  and  a  red  aalt  of  anlphanecioaa  trii  ; 
and  in  many  cites.  Uie  mlpharaenite  ia  reacUTed  by  continoed  ignition  into  tnratphiile 
of  arsenic,  which  anblimea,  and  the  ml phor-baae,  which  remiini  behind.  Thecalcinm- 
and  migneeium-sidta  flnt  eTolie  aolphnr,  and  then  the  greater  part  of  the  triaolfdiide, 
and  lesTO  a  while  anfuaod  componni!  of  ntagneainin-  or  calciam-sulphide.  with  a  T«y 
email  quantity  of  trinilphide ;  most  of  the  heary-nietal-compouida  erolTe  aalehnrat 
flret,  and  then  all  the  nilphide  of  arsenic,  ao  tliat  nothiog  but 
maim  behind.  The  eulphaiBenBtea,  when  heated  in  the  air,  gire  off 
aneniouJ  oxide,  and  le«Ta  a  Bolpluite  t^ea  the  baae  eontaina  an  alkali-metal,  aad  pore 
oxide  if  it  eontaina  a  hearj  metal.  The  aqoeoui  aolution  of  the  aatpbaneaa^*  ef  an 
alkali-metal  ia  decompoeed  by  eipomre  to  the  air — the  liquid  becoming  tertnd,  aw) 
deposilisg  aulphor,  pentamlplude  of  araenic  (AtlP  +  S")  and  a  bnnrn  salt  of  hypo 
mlphaneniona  acid,  while  alkaline  anenite  and  hypoaolphilf  are  foimad,  and  the  laittrr, 
hy  IMJiBT  oxidation,  ia  oonrerted  into  anlphate ;  the  cooler  aad  more  conoenttated 
the  aolution,  the  more  slowly  does  the  decompoeition  proceed.  Acids,  even  enrbmie 
acid,  decompose  the  alkaline  lulphaisenatce,  separating  hydmaulpharic  add  gsi  ct  a 
pecoliiu'  odour,  and  precipitatmg  a  miitDre  of  arBenions  nirptude  and  ao^ar. 
Hjdrated  enprie  oxide,  intnidiic«l  into  the  aolntion  of  an  aikaltnn  enJpItanirBBtr. 
decomposes  a  portion  of  that  compound,  forming  alkaline  arsenate  and  sal{Jii<Ie  of 
copper,  a  small  portion  of  which  dissolves  in  the  liquid.  A  similar  n*rtinB  ia 
produoEid  by  other  heavy  metallic  oiides  which  do  not  retain  theiT  oxygen  witli  nry 
grwttfbtce.    (BerieliDi.) 

Many  anlphanenates  are  BoJnbte  in  water,  namely,  llioae  of  the  alkali-tnetdh 
■Dngnesium,  yttritun,  and  gludnnm.  The  solotions  are  either  eolonrleaa  or  paleyellaw. 
From  the  aofutiona  of  the  dibiisic  salts  alcohol  predpitataa  a  tribaaie  salt,  and  leans 
monobasic  aalt  in  solution.  When  this  aolution  ia  placed  ■□  a  ahallDw  dish,  and 
er^Nnvtad  at  a  gentle  heat,  there  remains  a  lemon-yeUow  residue,  ftam  which  water 
estracta  a  diboaic  salt.    (BerEeliua.) 

Svlphartenale  of  dmmonium.     2(ira')«3.A«'S"  =  (NH')'As'S'.— The  aolution 


iBsnlphida;  tSH'j'Ae'S'  -  4NH'S  +  Aii«".— The solationbi_ 

browniab-yellow  when  boiled,  and  on  cooling  deposita  a  yellow  powder  conjioaed  of 
(NH')<S.l  SAB'S*.    The  aqueous  aolution  of  Uie  dibasic  salt  ia  predpitaCad  by  alcohi^ 


prcriondy  mixed  with  inlphide  of  ammoninm  and  heated,  almhol  throws  down  lbs 
tri'omnutmc  or  iiwie  salt  {NH')'AsS',  in  prismatic  cryatsla. 

Sulpkartttiaii  of  Antimong  is  a  bnrat-yallow,  easily  fiuilile  predpitato. 

SiitpAar4tHali  of  fari'iin.— The  tribarytie-iaU.  Ba'As'l^.iBobtMiQad  by  dona- 


freanng  point,  yieldit^Uif  baste  Mit  in  looae,  transparent.  Don-cryitaUinrecBlM:  3.  by 
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preeiintatioii  with  alcohol :  it  then  fklla  down  as  a  curdy  medpitata,  rtaj  loluble  in 
wmter.  pobably  a  hydrate :— The  dibasio  salt,  Ba*AB*S'  -  2Ba''S.AB*S*,  is  produced  by 
saturatinff  a  solution  of  neutral  arsenate  of  barium  with  hydrosulphuric  add.  The 
solution  dries  up  to  a  fissured  lemon-yellow  mass,  which,  if  exposed  to  the  air  after  all 
its  water  has  been  drawn  off,  absorbs  water  again,  swelling  up  and  falling  to  pieces 
Kt  the  same  time.  It  dissolves  in  water  in  all  proportions.  With  sulphate  of  potas- 
Slum,  it  yields  a  predpitata  of  sulphate  of  barium,  and  a  solution  or  neutral  sulph- 
arsenate  of  potassium. — The  manoSarj/Hc  or  aeid  salt,  Ba'As'S',  remains  in  solution 
'when  the  neutral  salt  is  precipitated  by  alcohol.  It  is  decomposed  by  eraporation, 
yielding  a  yellow  depodt  of  the  salt,  Ba*S.8As'S*,  while  the  neutral  salt  remains  in 
solution. 

Sulpkar$inat$  of  Bismuth. — Both  the  basic  and  the  neutral  salts  are  dark- 
brown  predpitates,  soluble  in  excess  of  the  alkaline  sulpharsenate. 

8ulphar»€nate  of  Cadmium  is  a  light  yellow  powder. 

8ulp\ar$$nate  of  Calcium The  haaio  salt,  Ca'As'S^,  is  obtained  by  mixing 

the  solution  of  the  neutral  salt  with  sulphide  of  caldum,  and  dther  eyaporating  or 
predpitating  with  alcohol ;  it  is  not  crystallisable,  and  when  precipitated  by  alcohol 
forms  either  a  powder  or  a  sjrrup,  according  to  the  quantity  of  water  that  it  contains. 
It  dissoWes  easily  in  water,  but  is  insoluble  in  alcohoL  The  neutral  salt,  Ca*AsS'  » 
2CaS.As^,  is  predsely  analogous  to  the  barium-salt.  Its  solution  when  eyaporated 
coagulates  to  a  syrup,  which,  if  then  left  to  evaporate  further,  dries  up  to  a  yellow 
opaque  mass,  becoming  anhy^us  at  60^  C. :  when  exposed  to  the  air,  it  absorbs 
water,  swells  up,  and  detaches  itself  from  the  sides  of  the  vessel.  There  appears  to  be 
no  add  sulpharsenate  of  caldum. 

8ulpkars$nat6$  of  Cerium. — The  eerie  edt,  2Ce^.As'9*,  is  a  yellowish  white 
precipitate,  not  quite  insoluble  in  water,  and  consequently  not  appearing  in  very 
dilute  solutions. ,  The  eercue  talis,  CtTSJLa^,  and  SCe'S.AB^S*,  are  obtained  by 
double  decomposition  as  precipitates  of  a  fine  yellow  colour,  which  become  somewhat 
darker  when  ory. 

Sulpharsenate  of  Cobalt,  Co'As'S'  -  2Co''SJU^,  is  a  brown  precipitate  which 
becomes  black  when  collected  and  dried,  and  dissolves  with  dark  colour  in  excess  of 
sulpharsenate  of  sodium. 

Sulpharsenate  of  Copper,  Cu*As*S'  »  2Cu'SJU^,  is  obtained  as  a  dark  brown 
precipitate,  by  treating  solutions  of  copper-salts  with  neutral  sulpharsenate  of  sodium, 
or  by  passing  sulphuretted  hydrogen  tnrooffh  an  add  solution  containing  arsenic  add 
and  cuprie  oxide:  if  the  arsenic  acid  is  in  excess,  the  brown  sulphur-salt  is  first 
precipitated,  and  then  yellow  sulphide  of  arsenic  From  a  predpitate  of  this  kind, 
nulphide  of  ammonium  dissolves  not  onl^  the  sulphide  of  arsenic,  but  likewise  by  its 
intervention,  a  large  portion  of  the  sulphide  of  copper.  Very  dilute  ammonia  likewise 
extracts  the  sulphide  of  arsenic :  stronger  ammonia  acquires  a  brown  tint  by  taking 
up  some  of  the  sulphide  of  copper.    (Om.  v.  475.) 

Sulpharsenate  of  Glucinum. — Pentasulphide  of  arsenic  digested  with  hydrate 
of  glncinum  and  water,  \b  dissolved  to  a  small  amount  and  repredpitated  by  adds. 
Crlucinum-salts  are  not  predpitated  by  sulpharsenate  of  sodium. 

Sulpharsrnate  of  ^o/rf.— The  tribasic salt,  (Au)AflS«  -  (Au)*S"JLb*S*,  is  formed 
by  predpitating  a  gold-solution  with  tribasic  arsenate  of  sodium.  It  is  a  dark  brown 
precipitate,  soluble  in  pure  water.    Ferrous  sulphate  decolorises  the  solution,  and 

thrown  a  yellow-brown  substance  not  yet  examined.  The  dibasic  salt,  2(  Au)'S'.3A8'S*, 
obtained  by  precipitation  with  neutral  sulpharsenate  of  sodium,  dissolves  in  pure 
water,  with  brown  red  colour. 

Sulpharsenates  of  Iron.— Thib  ferric  salt,  2Fe«8».8As«S»,  is  a  greyish-green 
precipitate,  which  dissolves  with  very  dark  colour  in  excess  of  the  precipitant,  is  not 
altered  by  d^ng,  but  melts  easily  when  heated,  grring  off  sulphur,  and  being  con- 
verted into  ferric  sulpharsenite.— The/mw«  salt,  2Fe'^JLi«8»  «  Fe«As«S',  is  a  dark 
brown  precipitate,  which  dissolves  in  excess  of  the  alkaline  sulpharsenate.  It  decom- 
poses in  drying,  assuming  a  rusty  colour,  and  then  consists  of  a  mixture  of  the 
preceding  salt  with  ferric  oxide. 

Sulpharsenate  of  Xsad.— The  salts  Pb»As«S^,  and  Pb«As«S»,  are  obtained  by 
precipitation.  The  former  is  black-brown,  the  latter  of  a  fine  red  colour ;  both  turn 
black  in  dzying. 

Sulpharsenate  of  Lithium.— The  basic  salt,  Li'AsS*,  is  predpitated  by  alcohol 
from  the  solution  of  the  neutral  salt  in  shining,  colourless  crystalline  scales,  soluble  m 
hot  water,  and  separating  therefirom  on  cooling  in  six-sided  prisms,  and  by  spontaneous 


I 
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vnfon.tian  in  fouNidsd  Ublea  with  Aombic  bue.  Tl)«  nmfroi  nl^  WA^^,  a 
nos-OTitdlliiie  lemon-yellov  mam,  which  ftbaorbi  moiitoie  from  tba  ui*.  tai  U  pertMj 
■nlnbl«  in  wOet.  The  add  ult,  LiAji9,  ia  faum  onlj  in  ilcoholic  salntioii.  bein 
deoompowd  br  erapaistioa.    The  kgperadd  Mlt,  wiHi  12  at  Ai*S>,  ia  pnpaKd  li) 

the  eormpoDiliD);  polaainm-aslt. 

Bvlpiarienatt  of  l/agnfium.—T}u,  triiatie  tHlUTS^AtfO*  orZlSg'SAMV.i 
obtainad  by  adding  ndphydnte  of  magnMiiun  Ui  a  aolntioD  of  tha  nantnl  aalt  as  kn 
u  lalpbnretted  bjdiwen  continnca  to  eaojKv  '"^  afterwardi  eraponting  tbe  aolnti-x 
or  if  it  be  not  too  mlnle,  cooling  it  qucklj  down.  It  forma  eoltnma^  tsdiMia 
ciTstati,  whidi  become  moist  on  eniocnn  to  the  air.  Aloohol  dccompoara  Oirn 
extracting  the  neutral  >alt  and  lenTing  ■  oomponnd  of  I  at.  Ai'S*  with  more  elu 
3  at  Mg%  which  ia  nearly  inaolnble  in  water.  The  same  compoand  remain*  u 
white  unfiued  mass,  when  the  nentnl  salt  ia  heated  to  redneaa  in  a  rMoit.  Potu 
added  to  the  aqaeona  aolution  of  the  tribaidc  salt  precipitate*  magaeaia.  and  fonts 
aolutian  of  Inlaaic  nlphaneiiate  of  potoiaiiuD. — -The  mulral  sail,  2Mg^.Aa'S'.  ii 
nan-dTitalline,  lemon-yellow  maas,  which  da«  not  abaorb  water  from  tlie  air,  dii 
•olvea  ID  water  to  any  amonnt,  and  ia  precipitated  from  the  solution  by  alcohoL 

Sulpharamate  of  Xagnaimn  and  Ammaniurn,  (yH')Mg"AsS*  (?) —Precipitated  r- 
adding  aLwhol  to  an  aqueooi  iolntian  of  the  mixed  Bnlphanenatea  of  magineeiimi  u 
ammoniam,  in  delicate  white  needlea,  which,  when  a^ioaed  (o  the  air,  give  off  to! 
phuretted  hydrogen  and  turn  yellow.    It  diaeolTee  eaaily  in  water. 

BuljiAarttnale  b/  Hangar.  jtn.—TiMnruiriU  lait,  2JIn"S.AB^,  is  obtaiiwd  t- 
digeating  recently  precipitated  sulphide  of  mangaceae  with  wat«r,  triBolphide  c 
arsenic  and  anlphur.  partly  disBolviiig  in  the  water  and  partly  remsininK  at  the  boltoi 
in  the  form  of  a  lemon-jBlIow  powder,  which  howerer  disBotrts  in  »  lar^jer  qnailil 
of  water.  The  solution  when  eyaporated,  yields  sulphur,  and  afterwards  it^Kjaila 
lemon-yellow  mass,  no  longer  completely  soluble  in  water.  The  neutral  aalt  ti  litt 
wise  obtained,  but  mixed  with  arsenate  of  manzaneae.  when  carbonate  of  mangasw 
ia  boiled  with  water  and  triinlphide  of  anieme  and  sulphur.  MangaDoiu  aslu  ar 
not  predpitated  by  anlphananate  of  sodium.  A  «z6anc  la/l,  SMn'%.j&9*,  is  prodniv 
by  digeatiDg  the  yellow  powder  of  the  neutral  salt  in  strong  ammonia.  It  ia  a  brid 
red  powder,  nmewhat  aoluble  in  water,  and,  when  ignited  at  one  point,  contimie*  t 

8ulpkarttnatt$  of  3lereurv.—The  ntreurie  talt,  S^UAb'S',  ia  pvdpilstsi 
from  mercuric  chloride  both  by  baaie  and  by  neutTal  snlpbarsenate  of  Bodiom.  u 
dark  yellow  inbatanee,  which  retaios  its  colour  after  drying.  It  eahlimee  DndecOB 
Ixwed,  andyieldsapowderofthecolourof  cinnabar.  T^it  mtrmrout  toll,  2Hg*S.Aj!^ 
or  (Hg')'iLB'S',  is  precipitated  black  from  aolutions  free  from  mereone  oxida;  i 
the  IsUer  ia  present,  tha  precipitate  is  brownieh-yellow,  and  bacomea  dait«r  i 
diying.  When  distilled,  it  decrepitatea  violently  and  gina  off  mercuij,  and  at : 
higher  temperatnre  yielda  a  HLblimata  of  the  mercuric  salt  just  described. 

Molj/bdie  Aoid  is  i>  not  precipitated  b;  inlpharienate  of  aodiom. 

Sulpiarttnati  of  JTicidl— ITickel-aalts,  if  not  too  dilute,  immsdialel;  yidd  i 
black  pree^tata,  with  neutral  or  basic  anl^hanenate  of  sodium.  Veiy  dilute  adstiai 
Arat  uanme  a  ydlow-biown  colour,  then  yield  a  precipitate. 

8ut^har$inati  of  Flatinum.~The  neutral  and  basic  aodiiim-Balta  do  id 
precipitate  platinnm-aolntjom,  bat  merely  colour  them  dark-brown.  Ferrooji  BDliduIi 
added  to  Uie  brown  liquid,  thiowi  down  a  bhtck-bran  snbatMee,  wliile  (1m  acdntin 
becou«a  colonriess. 

SulpkartenaU  of  PolatMium.—Tht  Irlbatio  taU,  ZK'SJu/»,  or  K-AaS*.  i 
depodtad  as  an  oily  concentrated  solution,  on  mixing  the  aqoeoua  solution  itf  tli 
neutral  Mlt  with  aloohol    When  dried  at  a  gentle  heat,  it  Isarea  a  Sbrooa  deliqneacai 

The  naOral  or  dVxuia  salt,  2K'S.As'S*,  or  E'As^',  is  produced  l<y  satmating  u 
aqaeona  solution  of  dipotassic  arsenate  wilh  hydrosulphunc  acid  and  evaporating  ii 
vacuo.  The  residue  is  a  yisdd,  yellowisb,  somewhat  cryslalline  mass,  wliidi  does  nf 
diy  np  completely,  but  on  expomre  to  the  air  first  hqneflea  and  tben  solidifies  in  i 
CryatJline  mass  of  rhombic  tablets. 

The  monobaiic  or  acid  salt,  K'S.As'S',  or  KAsS',  remains  dissolved  when  the  aqos™ 
solution  of  the  neutral  salt  is  precipitated  with  alcohol  The  solntioD  ia  deeomprwJ 
by  evaporation,  and  deposits  ervstala  of  penralphide  of  arsenic  (see  p.  SBG).— 
2  Aqneoos  sulphide  of  pota«inm  dissolvea  at  ordinary  tempentures,  more  than  1  ii 
but  less  t^an  1  at,  of  pentasulphida  of  arsenic.  The  solution,  whni  erapofat*^  in 
the  air,  first  hecomea  covered  with  a  film  of  suIphuT,  then  dpposits  a  red  crast,  anJ  l>y 
(his  loss  of  sulphide  of  arsenic,  is  convoted  into  the  dibasic  salt,  which  dnre  op  fin<  lo 
a  stiff  syntp  and  then  to  a  lemon-yellow  miuo. 
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A  hyper-aeid  nit,  K'S.12Ai^,  is  nrecipitatad  when  the  lohitioii  of  the  neutral  ftalt 
IS  deoompoMd  by  carbonic  add ;  similarly  on  passing  hydrosulphnrie  acid  sas  Uirongh 
monopotassie  arsenate. — It  is  a  yellow  powder,  containing  2*9  solphide  en  potassium 
and  97*1  peotasnlphide  of  arsenic.    (Berselius.) 

BuIfhoxar9€naU  of  Uttastium.  (EK).2HK))As90'  -  (E«H«)As90*.  —Produced 
when  sulphuretted  hydrogen  is  rapidly  passed  through  a  ooM  saturated  solution  of  dipo- 
taasie  arsenate  (p.  883).  The  Uauid  fint  turns  yellow,  then  deposits  a  small  quantity  of 
trisulphide  of  arsenic  mixed  witn  sulphur,  and  ultimately  a  colourless  crystalline  salt 
When  a  certain  quantily  of  this  salt  has  been  formed,  caustic  potash  is  to  be  added  to 
the  liquid,  and  tne  stream  of  sulphuretted  hydrogen  continued:  by  this  means,  an 
mdditional  quantity  is  obtained.  The  greater  part  of  the  sulphide  of  arsenic  must 
then  be  rinsed  away  with  the  mother-Uquor,  and  the  salt  washed  with  Terr  small 
quantities  of  water,  pressed,  and  dried  in  vacuo.  It  crystallises  in  small  white 
elongated  prisms,  sometimes  1  or  2  centimetres  long^  slightly  soluble  in  water.  The 
dry  salt  is  permanent  in  the  air,  and  gives  up  all  its  water  at  170^  C,  without  melting. 
It  fuses  over  the  sprit-lamp,  giving  o£^  fint  arsenic  sulphide  and  then  metallic  arsenic 
The  aqueous  solution  decomposes  rapidlv  at  a  boiling  neat,  giving  off  hydrosulphnrie 
add  and  depositing  sulphur.  If  hyorochloric  add  be  then  added,  a  precipitate  of  sul- 
phide of  arsenic  is  obtained.  From  the  salt  itself^  hydrochloric  add  predpitates 
nothing  but  sulphur,  and  the  predpitation  is  complete;  the  filtrate  then  contains 
arsenious  add.  Lead-salts  added  to  the  solution  give  a  white  predpitate,  which  soon 
turns  black.  The  add  of  this  salt,  H'As*8"0*  (arsenic  add,  having  part  of  its  oxygen 
replaced  by  sulphur),  cannot  be  obtained  in  the  free  state.  If  the  lead-salt, 
immediately  after  its  formation,  be  collected  on  a  filter  and  mixed  with  a  quanti^ 
of  dilute  sulphuric  add  less  than  suffident  to  decompose  it  completely,  a  strongly  add 
liquid  is  obtained,  which  sives  no  predpitate  with  barium-salts ;  but  it  quiddy  deoom- 
posem  and  deposits  sulphide  of  arsenic.  (Bouquet  and  Cloes,  Ann.  Ch.  Fhys.  [3] 
ziii  44.) 

Sulpkartenate  of  Silver. — Both  the  neutral  and  Aosie salts  are  predpitated  from 
sDver-solutions,  with  brown  colour,  turning  black  in  drying ;  the  predpitates  are  very 
alow  in  settling  down.  When  they  are  heated  in  the  air,  the  sulphide  of  arsenic  bums 
away»  and  sulphide  of  silver  remains ;  but  if  heated  to  redness  in  dose  vessels,  they 
fuse  without  giving  off  sulphur  or  sulphide  of  arsenic,  and  on  cooling  solidify  in  the 
form  of  a  grey,  somewhat  ductile  cake,  exhibiting  metallic  lustre. 

Sulpkarsenate  of  Sodium,  a,  Tribano  salt  8Na*SJLiS*+ 15HH)-2Na*AsS«-i- 
15HH>. — Obtained :  1.  By  predpitating  a  solution  of  the  dibasic  salt  with  alcohol— 
2.  By  leading  a  mixture  of  the  dibasic  salt  b  and  sulphydrate  of  sodium  to  evaporate. 
— 8.  By  digMtin^  the  alcoholic  solution  of  pentasulphide  of  sodium  with  orpiment, 
pouring  the  liquid  ofl^  washing  the  reddue  with  alcohol,  then  dissolving  out  the  tri- 
baaie  salt  with  water,  and  leaving  the  solution  to  crystallise. — 4.  By  dissolving  penta- 
sulphide of  arsenic  in  aqueous  soda-solution,  and  leaving  the  liquid  to  crrstallise. 
The  crrstals  obtained  by  either  of  these  methods  are  washed  on  a  filter  with  alcohol,  then 
premed  and  dried  (Berselius). — 6,  By  boiling  1  pt  of  sulphur,  1}  pt  of  orpiment, 
and  8  pts.  of  oystallised  carbonate  of  soda  with  water,  and  purifying  the  crystals  ob- 
tained firom  the  filtrate  by  recrystallisation  (Rammelsberg,  Po^  .Ann.  liv.  288). 
By  method  (1)  the  salt  is  obtained  in  snow-white  crystals;  by  (4)  in  ill-defined  rhom- 
boldal  tablea.  It  crystallises  bv  slow  cooling  from  a  hot  aqueous  solution,  in  irregular 
six-dded  prisms,  with  two  of  their  lateral  edges  more  acute  than  the  rest;  h^  spon- 
taneous evaporation  or  very  slow  cooling,  in  transparent  rhombic  prisms  with  <Uhedral 
■ummits  resting  on  the  acute  latoral  edges ;  and  oy  still  sbwer  cooling,  till  the  tem- 
perature fidls  bdow  0^  C  in  white,  opaque,  rhombic  octahedrons.  The  opaque 
crystals  are  milk-white ;  the  transparent  crystals  are  yellowish,  and  have  somewhat 
of  a  diamond  lustre.    (Berselius.) 

The  salt  when  dry  is  permanent  in  the  air ;  even  in  vacuo  over  oil  of  vitriol,  it 
does  not  give  up  its  water  till  gently  heated;  it  then  becomes  milk-white ;  when  more 
etronglv  heated,  it  gives  off  a  small  quantity  of  hvdrosulphuric  add,  and  turns  yellow. 
Heated  in  a  retort,  in  fbses  it  its  water  of  crystallisation,  forming  a  yeij  pale  yellow 
liquid,  then  gives  off  water,  and  is  converted  into  a  white  sal^  which,  when  more 
tftrongly  heated,  decrepitates  slishtly,  evolves  the  remaining  water  and  a  small  (|uan- 
tity  of  hydrosulphuric  acid,  and  fiises  to  a  dark  red  liquid ;  on  cooling,  this  bquid 
solidifies  and  forms  the  yellow  anhydrous  compound,  Ka'AsS*  rBerzelius).^  it  is 
decomposed  completely  by  boiline  with  sulphate  of  copper,  yiddin^  a^  predpitate  of 
sulphiae  of  copper,  wlule  soda,  sulphuric  aad,  and  arsemc  acid  remain  in  solution : 

Na»AsS*  +  4Cu«S0*  +  4HK)  -  4Cu«S  +  Na»AsO*  +  4H«80*. 

A  similar  decomposition  takes  place  with  acetate  of  lead ;  but  the  prrdpitated  sul- 
phide of  lead  [if  the  acetate  is  in  excess],  is  mixed  with  arsenate  of  lead,  because  that 
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«  ARSENIC-RADICLES  (ORGANIC^ 

It  ii  maolnble  in  Mctie  uid  (RammfllibBrg).  Tha  nit  diMoIrct  ta\j  tai 
londuitJy  in  water.    (Becielins.) 

b.  Dibiuic  or  Neutral  tall.  2Na*SAi*S>-K>*ABi8'.— The  ■qoeodl  toMioa  of  ii- 
die  uscnat*  aaturated  with  hjdrcKDlphiuic  Mid  ru,  and  ibm  laft  to  erspoTato  *pinii 
aeonilT.  yieldi  >  viscid  liquid,  and  aAcrwuda,  if  gtuitiT  heated,  a  izj  lemoo-jrllin 
ass.  liiu  (uliitaiice  melts  at  a  modente  heat,  formice  ■  reiy  paU  Tsllow  liqnij: 
Ming  water  at  the  same  time  if  warmed  in  an  open  Teasel),  and  on  coohiig  BCiUdi£(- 
.  a  fellow  miss,  which  softens  when  expoxed  to  the  air.     (Benelina.) 

e.  ilmelKuie  talt.  Na'S.As'S*  =  IfaAiS'.— When  the  Inhiaie  salt  ia  preparxd  will 
cohol  according  to  method  (1),  the  snpematant  alcoholic  solution  contain*  th 
ODO-hasic  salt  On  distilling  off  the  alcohol,  the  lii^nid  oftsQ  depooita  petaulphiii 
'  arsenic  in  beantifal  crjstaU. 

d.  Hypa-aeid  tali,  UK'S.  12Aa<S*.— Yellow  powder,  obtained  like  the  potawim 
impound.     (Beraelias.) 

aidpkartaiaU  of  Soditm  and  Ammonium,  (NH'j'AsS'.Na'AaS'.  ia  obtained  Ir 
izins  the  solntiona  of  the  two  hasic  salts  with  alcohol,  sad  cooling  slowlj,  wiwrv 
xm  it  collects  on  the  sides  of  the  vessel  in  small  four-sided  ta1>lea  ;  or  more  eaailj  >< 
ssolriiis  sal-ammoniac  in  sn  exactly  proportional  quantity  of  the  baaic  Bodiimi-n[ 
id  leaTine  the  eolation  to  STaporate ;  it  then  separates  in  yellowiah  aii-nded  priimi 
irmanent  in  the  air,  and  mnca  more  solnble  in  water  than  the  ■odiam-calt-  WVr 
stilled,  it  gira  off  sulphide  of  •mmoninm  with  a  Utile  water,  leaving  nilpharsrnit 


The  nenlzal  snlpharsenates  of  sodium  and  ammonium  dry  np  to  a  yellmr  mass  whe 
ixed. 

SulpiamHOt*  of  Sodium  tmd  Patattinm. — Vet;  regdlar  fonr^ided  tables  haria 
hint  yellowiah  colour. 

SulpkarttnaU  of  Strontium. — The  omfroJaaltia  obtained  in  the  Mine  maane 

the  banum-componnd.  On  mixing  the  solntion  with  alcohol,  the  batie  aalt  ia  pnd 
Uted,  sometimeeas  asTrnp^Bometimssaaa  whitapowdei,  aeeordingaBit  ia  mcno 
B  purified  fMm  the  nentnu  salt 

Bulphariinati*  of  Tin. — Both  tbe  nentral  and  bane  aodinm-Mlta  tana  witl 
intiow  cMorids,  a  dark  eheatnnt-btown  preeipitale ;  with  tiOTtnie  '*l™■^^Jl^  pd 
iltow  gummy  precipitates,  becoming  orange-yellow  when  diy. 

Vranie  Svlpiaritnatt.—The  neutral  salt,  2U'8'.As*S'  or  (X/>S^A>^,  is  i 

r'  yellow  precipitate  ;  the  basic  rait  has  n  somewhat  darker  colovr.    Both  diaolti 
dill  brawn  colour  in  eircse  or  the  pncipltant. 
Vanadie  tattt  nre  no  precipitate  with  sulpharsenate  of  sodium ;  but  the  bin 

latioD  is  decolorised. 

Bvlpkarttnate  of  Yttriunt. — Besemblea  the  glneinum-Mlt. 

SulpXarttnatt  a/ Ztnc— The  neiifral  salt  is  a  light  yeSow  imcipitiit«,  the  iss> 

It  till  lighter;  both  am  orange-yellow  when  di;. 

Svlphartenatt  of  ZiroDni an. —Solutions  of  lirconiam-aalts  aie  predpitatfd 

DDgh  not  immediately,  both  by  basic  and  by  neutral  snlpharBenste  of  sodinm ;  th 

ecipitate  is  iBmou-yellow  whils  moist,  oracgs-yellow  after  drying.    Acida  do  eo 

Iract  lirconia  &om  it, 

AmaMXXOAX  COSAXV,  OOVVMB,  XBOM',  &e.     See  the  several  melals. 

AMKWWtCAJi  VTXZras.    See  Ibor,  ABsaamia  of. 

AXSMMTOAK  FTBOraOBVS.     Anenite  of  barium  isnited  with  gnm-lzags 

oth,  ia  said  by  Osann  to  yield  a  greyish-yellaw  pyrophoric  mixture. 

uaBSTO-K&amnBB    (oaOAino).      Arsenic    unites  with   the  alcohol' 

diclo,  forming  compoonds  analc^ous  to  those  of  antimony,  and  COotainiiu  1  al. 

■enic,  combined  with  I,  2,  3,  or  4  at  of  the  organic  radicle.  The  following  is  ■  lis) 
tbs  compounds  of  this  class  at  present  known.     Tliose  to  wJiich  00  fonDoIte  an 

signed,  have  been  but  imperfto:tly  studied. 

Arsenides  of  AUyL 

Arsenides  of  AmjL 

Arsenides  of  Ethyl: 

ArMnethy! As(<?H*) 

Aisendiethyl,  or  Bthjrt-eacodTl  ,        ,        ,        As4C*H*)* 

Arsentrieth^t  or  Triethylarsine  ,        ,        .        As((7H')' 

Aiseuethyhum,  or  Tetrethjlarsouium  .        A*(C1I*)' 


ARSENIDES  OF  ETHYL. 


AiMB-bromethyl-triethyliiim 

AneDTinyl-triethyliiim 

Ethylene-hezethyl-dianoniiim 

Ethylene-triethylanammoninm 

AwuMDethylixim 

Flattnenethyliiim 

Araenidei  of  Methyl: 

Anenmethyl  .        .        •  • 

Anendimethyl,  or  Cacodyl 

Anentrimethyl,  or  TrimethyUr^e  . 
ArMnmethyliam,  or  TetramethylazBoniimi 
ArBentrimethyl-ethylium 

ArMndimethyl-dietnylium  .  • 

ArBenmethyl-triethyUxiia  .  , 

Axaendimethyl-diamylimn         •  • 

Arsenide  of  Tetryl  (or  Batyl). 
Arsenide  of  Trityl  (or  Propyl). 
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As(C«H*Br)((?H»>« 

Afl(C«H»)(6H»)* 

As'lrC'H^nCJ'H')' 

A8NH«(C«H*r(C^H-)« 

A8(C«H»)«Au 

Ai(C«H»)«Pt 

As(CH») 

As(CH")« 

Aj(CH«)« 

As(CH»)« 

Ab(CH»)^C»H») 

Ab(CH«)«(C»H»)« 

A«(CH»)(C'H»)« 

A8(CH«)«(C*H")« 


These  compounds  are  produced,  like  the  antimonides  of  the  alcohol-radicles,  by  dis< 
tilling  the  iodides  of  these  radicles  with  arsenide  of  potassium  or  sodium.  Areen- 
dimethyl,  or  cacodyl,  is  likewise  formed  by  distilling  a  mixture  of  arsenious  oxide  and 
an  alkaline  acetate,  and  was  obtained  in  this  manner  by  Cadet,  so  long  ago  as  1760. 
The  di-trityl  and  di-tetryl  compounds  appear  to  be  produced  in  a  similar  manner,  by 
distilling  arsenious  oxide  with  an  alkaline  valerate  or  butyrate.  The  compounds  con- 
taining 2  and  3  at  of  alcohol-radicle,  e.  g.  cacodyl  and  arsentriethyl,  have  been  obtained 
in  the  free  state ;  the  rest  only  in  combination. 

The  compounds  containing  1  at  alcohol-radicle,  such  as  As(CH'),  are  di-atomic  and 
tetr-atomic,  uniting  with  2  and  4  at  CI,  I,  &c ;  those  with  2  at  alcohol-radicle, 
cacodyl,  for  example,  are  mono-  and  tri-atomic;  those  with  3  at«  alcohol-radicle, 
A9(C*H*)*,  for  example,  are  di-atomic ;  and  those  which  contain  4  at.  alcohol-radicle, 
e.  g.  As(CH*)\  are  monatomic  and  triatomic    (See  Oboano-mbtallic  Bodies.) 

Arsenides  of  AIljL  When  iodide  of  allvl  is  heated  with  arsenide  of  potas* 
Slum,  a  number  of  liquid  products  are  formed,  haying  an  extremely  offensive  odour, 
and  rising  gndusJly  in  boiling  point  bo  that  their  separation  cannot  well  be  effected, 
and  at  the  same  tune,  a  soUd  crystalline  mass  is  formed,  which  appears  to  be  the 
iodide  of  arsenallylium  or  tetrallylarsonium,  As(C'H*)*L  (Cahours  and 
ITof  mann,  FhiL  Trans.  1867,  p.  335.) 

Ai—ntdss  of  Amjl.  Iodide  of  amyl  distilled  with  arsenide  of  potassium, 
yields  compounds  analogous  to  the  arsenides  of  ethyl  and  methyl  (Cahours  and 
Riehe.) 

Arsenides  of  BUiyL* 

Three  of  these  compounds,  via.  arsendietht/l,  As(C*H*),  arsentriethyl,  As(C*H*)',  and 
araeiuthgliwm,  A8(C^*V,  are  obtained  by  a  process  similar  to  that  alreaav  described 
for  Mie  preparation  of  stibtriethyl  (p.  341),  viz.  by  subjecting  arsenide  of  sodium  mixed 
with  quartz-sand,  to  the  action  of  iodide  of  ethyl  in  an  atmosphere  of  dry  carbonic 
acid  gas.  The  action  takes  place  without  external  heating,  and  when  it  is  finished,  the 
resulting  arsenides  of  ethyl  may  be  separated  one  from  the  other  either  by  fractional 
distillation,  or  by  treatment  with  ether.  Arsenethyl,  AsCH*,  is  obtained  by  the 
decomposition  of  anendiethyL 

Absbnbthtl,  or  Absbkmonsthtl,  As(U"H*)  «  AsR  —  This  radicle  is  not 
known  in  the  free  state ;  but  the  di-iodide  is  obtainc^i  ^together  with  iodide  of  ethyl), 
by  the  action  of  2  at  iodine  on  1  at  iodide  of  arsendiethyX  or  of  3  at  iodine  on  1  at 
arsendiethyl : 

AsE«I  +  P  «  EI  +  AsEI* 

AsE«    +  P  -  EI  +  AsEP. 

The  di-iodide  distilled  with  2  at  wdine,  yields  tri-iodide  of  arsenic  (AsEI*  +  P  -■ 
EI  -♦-  Asl*).  Treated  with  excess  of  oxide  of  eilper  and  water,  it  is  converted  into 
arsenmonethylic  acid,  As(C*H*)HK>>.  (Cahours,  Compt  rend.  L  1022;  K^p. 
Chim.  pure,  ii.  256.) 

Absbndibthtl,  or  Ethtl-caoodtl,  As(C^*)',  is  best  obtained  by  treatiiu; 
arsenide  of  sodium  with  excess  of  iodide  of  ethyl,  in  the  manner  just  mentionea, 

*  Landolt,  Ann.  Ch.  Phann.  Ixxxix.  301 ;  xdL  a6A  \  Gm.  Ix.  70;  Gerh.  II.  94B~Cahoart  «Dd 
Rich*,  Cmimt.  r«i>d.  xxxvl.  1001 ;  xxxix.  541 ;  Jahrober.  f.  Chrm.  1S5S,  487  ;  1864.  58a~Cabourt, 
Compc.  rend.  alia.  87 ;  Jahretber.  18A0, 480 ;  further,  Compt.  rend.  1. 1088;  R4p.  Chin,  pure,  U.8S6. 
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39S  ABSENIC-RADICLES  (ORGANIC> 

dtgvtiiig  the  eradc  distiUkte  witli  ether,  mixing  the  etherMl  eztnct  with  •bwluii 
^eohid,  exDeUing  the  ether  by  er^iantum,  ud  nixiiig  the  BlcohoEi:  aolsdoo  with 
iriiieh  pccipitatM  BiModiethrl.  and  retaina  in  lolotion  the  iodide  ef  UMorUf- 
^.     ..  t-  .1 *— Bntneth^  with  the  exc«ei  of  iodide  of  ethjl. 


thvl  ia 


mudng.  Boila  betire«D  lBfi°  and  IBO'C.  It  abeorba  oijgtB  iwidlj  &om  the  ail 
ginDR  off  Tapoan  of  araeoioua  oxide,  and  if  it  1im  been  leparated  i>j  fraeiiaai  dtt 
tillation,  it  takea  fire  whea  a  drop  of  it  ii  let  Gtll  on  wood  or  paper ;  but  if  it  has  bea 
precipitated  bj  water  from  the  alcobolic  solution,  it  doea  not  take  flre  tilt  heeled  b 
ISO'  C.  It  ia  npidir  oxidiaed  bj  itiong  nibie  add,  with  erolatioa  of  It^t  and  bett 
IgM  completelj  bj  dilate  nitric  add,  which  alao  foimi  with  it  a  red  nbatann  anelogn 
U>  Bnnien'B  tryiSrartm.  AneodietbTl  redncee  the  noble  metals,  ailTO,  ntaaarj,  to 
from  their  aolntioiia,  and  ia  at  the  aame  time  eoavetted  into  arttndittiflia  aeii 

Aiaendiethjl  abo  nnitee  direetl;  with  eUorine,  hnmtiM,  iadim,  and  nt^ptwr.  Thai 
ooB^oondaaieliqiiidahariDKa  peciiliBi4jrepnI«iTeandp«niitentcidoiar,  andatlackiDi 
the  ^ea  itnmglT ;  eontioned  erooenre  to  it  prodnee*  tieadaebe  and  otlm  xamU^aa 
aymptoma.  Ae  iodide,  Ai((?H')n,  ia  ptrpued  bj  aatnntiiig  an  ethereal  solotioe  a 
anendiethjl  witil  an  ethereal  aolutjon  of  iodine,  and  araporati^  the  ether.  It  v,  i 
jellow  oil,  inaoiable  in  water,  bat  wlnbla  in  alcohol  and  ether.  Tbit  alooholle  aolntiiH 
miied  with  nitrate  or  anlphale  of  dlnir,  jielda  a  predpitafe  of  iodide  of  ailTer,  and  i 
eolation  of  nitrate  or  lalphiite  of  arsendiethyL 

On  gradoallj  adding  a  dilate  alcoholic  eolation  of  nertvrie  eUoride  to  an  alcoholii 
Bolntion  of  anendietbyl,  a  white  precipitate  la  fbrtned,  which  howerer  diaupppar 
on  boiling,  and  the  aolutioa  yielda  on  oooliiig  a  crrEtalline  powder,  conaianns  a 
3BK*0.Aa(O^')*C]*.  Thie  salt  is  inodorvas,  sparingly  aolnble  in  cold  water  and  ii 
alcohol,  more  aolnble  in  boiling  water :  it  is  decomposed  bj  itrong  nitric  add.  Twi 
other  cryatalline  compotinda  em  Ibrmed  at  the  same  tim^  in  amall  qnaoti^. 

Arienditlkylie  Aeid.  A«(n»H*)'HO'.— When  araendiethjl  is  tritnrated  will 
red  oxide  of  mercnrj  nnder  watOT,  mercary  Beparales  ont,  and  a  aolation  of  aneudi 
ethjlate  of  mercniy  ia  formed ;  and  h;  pr«npit*tine  the  merenriB  oiidB  with  btryta 
vater,remotitiRtheeiceasofbaiTtah7carbonicaddi^decompaeiiig  the  filtered  solDticii 
tt  araendiethjlate  of  bariom  with  solphnrie  add.  and  eTaporating.  aiaendirtfaylic  adi 
is  obtained  in  cryetals.  Thii  add  is  also  produced  bj  the  direct  (oddatioa  of  antn 
die^l,Bi  when  that  salntance  is  left  for  some  time  in  a  looatdjetoiraefed  bottle:  also 
when  its  alcoholic  solntjon  is  exposed  to  the  air,  or  more  qniekly  when  that  sohitiai 
is  shaken  ap  with  oxygen  gas.  The  crystals  contain  As(C^')^0'.  Thej  an 
iDOdorona,  have  a  sliflitly  add,  afterwsida  bitter  taate,  deliqaeece  in  the  air 
and  disaolTi  readily  in  water  and  almhol,  aiiaringty  in  etber.  lliey  melt  > 
1S0°C..  ferming  an  oily  liquid,  which  solidifies  m  a  crrstaDine  mass  on  cooling;  ba 
at  higher  temperatores,  they  are  decomposed,  with  erolntion  of  araeniooa  oxide  au 
stinking  anenlcal  products.  The  add  is  not  attacked  by  nitric  add.  aqna-revia.  or  \i\ 
the  piildpT  redadng  agents,  snch  as  aalphoroas  odd,  and  ferrona  mlphile ;  but  pboe 
phoTons  add  reduces  it,  forming  a  pungent  oily  liqoid,  probably  the  oxide  of  ararmdi 
ethyL  The  aqueous  solution  of  the  add  readily  decompoeee  cartionatea,  and  predpitale 
ferric,  nereurota,  and  cupric  aalta ;  alao  acetate  of  trad.  The  tnmitnc  salt  is  a  deh 
qneacent  crystalline  mass.  The  baTimtt-aii,  obtained  by  mturatinf!  the  aqaeoo*  adi 
with  baiyta-water  and  eyaporating,  contains  Ba"E-0'.3Ae<l.-'H>J'H0'  -t-  ^BHi;  tin 
watsc  of  oystallisation  ia  not  completely  giren  off  at  120°  C. 

AnsBHTBiBTKTjj,  Or  TKTSTHTI.1BSIHB.  Aa(l7H')'.--~Thia  is  the  chief  prodnc 
of  the  action  of  iodide  of  ethyl  on  ameiiide  of  sodioin,  and  ia  easily  separated  from  tin 
other  prodnets  by  fractional  distillation  in  an  atmosphere  of  carbonic  anhydride :  i 
passes  orer  between  140°  and  180°  C.  It  is  also  produced  by  the  action  of  tricblnridi 
of  arsenic  on  lino-ethyl  (Hofmann  and  Cihonrs,  Compt  rend.  xU.  83!)!  It  is  i 
oolourieas,  mobile,  strongly  retracting  liquid,  baving  a  diiagreeoble  odoor,  like  that  a 
•Msuetted  hvdrogen.  Specific  gravity  llfil  at  I67°C.  Under  a  prennre  of  7S6  mm 
itbeg^  to  boil  at  140°  C.,  but  the  boiling  point  qnicUy  liaee  to  180°.  a  amall  qnaotiQ 
«r  arsenic  separating  at  the  aame  time.  ItSTapoui^denai^is,  bjexperimeot  £"3783; 
by  calculation  (i  toI)  ^'6168. 

Aiaentnetfayi  fnmce  and  becomes  heated  in  contact  with  the  air,  but  seldom  take*  fln 
nnleaa  it  is  heated ;  theproductsoftheoxidationareanenionaanhydrid^oai^otiieanliy' 
dride  and  water.  The  oxidation  takes  place  slowly,  eran  under  watw  in  aekvedresacL 
Strong  ntfrw  acid  oxidises  it  rapidly,  with  vivid  combustion  and  enloaion,  bat  nitric 
acid  <rf  spedflc  gravity  I'4S,  dinolves  it  slowly,  ^ring  off  nitric  oxide,  and  pfodnnng 
nitrate  in  arvntriethyl ;  but  no  red  compound  is  formed.    This  chameier  aerrss  ta 
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difltingiiiah  anieiitriethyl  from  anendiethyl :  a  ftirther  distinctioii  is  ailbrded  hj  the 
&et  that  anentriethyl  doea  not  reduce  the  noble  metals  from  their  solntioDS. 

Anentriethyl  ia  a  diadd  radicle,  1  at  of  it  nniting  with  2  at.  of  a  monatome  acid 
rMdiele,  t^ff,  AB{C'R*y.l\  and  with  one  at  of  a  diatomic  acid  radide,  e.g.  A«(C*H*)*.S. 

Bromide  of  Areentrietkyl^  Aa(C*H*)*Br",  ia  obtained  by  mixing  the  alcoholic  Boln- 
tiona  of  bromine  and  arBentriethyl,  the  former  in  slight  excess,  and  evaporating  at  100^  C. 
It  ia  a  yellowish,  deliquescent  crystalline  mass,  the  odour  of  which  exdtes  sneezing. 
"When  heated  it  melts,  and  bums  with  a  white  flame.  It  is  decomposed  by  chlorine^ 
bj  nitric  add,  and  by  strong  sulphuric  add. 

Iodide  of  Areentriethyl^  As(C*H*)'P,  is  obtained  by  mixingthe  ethereal  solvtiona 
of  ita  constituents :  it  is  then  deposited  in  yeUow  flakes  which  rapidly  turn  brown  and 
liauefy  on  exposure  to  the  air.  It  dissolves  readily  in  water  and  alcohol,  sparingly  in 
etner. 

The  chloride  appears  to  be  foimed  in  small  quantity  by  the  action  of  hydrochloric 
acid  on  the  oxide  or  sulphide. 

Oxide  of  Arsentrietkyl,  As(CU*^'0,  is  produced  when  an  ethereal  Boiation  of 
anentriethyl  is  left  to  eraporate  in  the  air ;  but  it  may  be  obtained  in  a  state  of  greater 
purity  by  exhausting  the  mass  produced  by  the  action  of  iodide  of  ethyl  on  arsenide  of 
sodium,  first  with  ether,  and  then  with  alcohol,  eraporating  the  alcoholic  solutioD,  and 
<Hi>»iHing  the  residue.  It  is  an  oily  liquid,  heavier  than  water  and  not  misciMe  with 
it  but  soluble  in  alcohol,  and  predpitated  from  the  alcoholic  solution  by  water.  It 
dissolves  ia  dilute  nitric  add,  but  not  in  sulphuric  or  hydrochloric  acid.  When  left 
for  some  weeks  in  a  loosely  stoppered  bottle,  it  is  gradually  converted  into  an  inodofows 
crystidllne  substance  [probably  arsentriethylic  add]. 

Sulphide  of  Areenirieihylj  A8(CH*)'S,  is  obtained  by  boiling  an  ethereal  sohrtioD 
of  arsentriethyl  with  flowers  of  sulphur.  It  forms  beautiful  prismatic  crystals,  which 
may  be  purified  by  recrystallisation  from  boiling  water  or  alcohol,  or  better  by 
solution  in  warm  ether,  and  eradual  evaporation.  It  has  a  bitter  taste,  but  is  quite 
inodoioos  when  pure.  It  m^  at  100^  G.,  and  decomposes  at  a  higher  temperature, 
giving  offspontaneoualy  inflammable  vapoura.  It  is  rapidljr  oxidised  by  strong  nitric 
acid.  Dilute  hydrochloric  acid  decomposes  it  partialljr,  giving  off  smafi  quantities  oi 
hydrosalphiiric  add  and  chloride  ofareentriethyt,  recognisable  by  its  peculiarly  pungent 
odour.  U  is  not  decomposed  by  boiling  witii  caustic  potash.  Its  aqueous  solution 
predpitatsa  metallic  solutions  like  an  alkijine  sulphide. 

Absbvbthtlium  or  Tbtsbthtlassomiux,  Aa(C*H»)\  is  not  known  in  the  fro* 
state,  but  is  obtained  as  an  iodide  by  the  action  of  iodide  of  ethyl  on  arsentriethyl ;  also, 
according  to  Cahours  and  Riche,  by  the  action  of  metallic  arsenic  on  iodide  of  ethyL 
Ita  compounds  are  analo^us  to  those  of  tetrethylium,  and  contain  1  at  arsenethyhum 
with  1  st  of  a  monobasic  add  radide,  or  2  at  arsenethylium  with  1  at  of  a  dibasic 
add  radidew  The  hydrate^  obtained  by  the  action  of  oxide  of  silver  on  the  iodide, 
is  a  flxed  base  resembling  hydrate  of  potassium,  and  dissolves  readily  in  adds,  forming 
salts  which  crystalliae  readUy,  are  permanent  in  the  air,  have  a  bitter  taste,  and  do 
not  aopear  to  be  poisonous.  In  this  respect,  they  differ  remarkably  from  the  com- 
pounas  of  arsendiethyl  and  anentriethyL 

Bromide  of  Arsenethylium^  Ab(C*'H.*)^t,  is  a  white,  deliquescent,  saline  mass, 
which  dissolves  easily  in  water  and  alcohol,  and  exhibita  with  adds  and  metallic 
salts,  the  same  reactions  as  bromide  of  potassium. 

Chloride  of  Arsenethylium  forms  crystals  containing  As(C*H*)*C1.4H'0, 
which  dissolve  readily  in  water  and  alcohol,  but  are  insoluble  in  ether.  The  aqueous 
solution  immediately  predpitates  chloride  of  silver  from  the  nitrate  and  forms  an  in- 
soluble double  salt  with  mercuric  chloride.  With  tetrachloride  of  platinum  it  forms  the 
compound  2As(CH*)*Cl.PtCi*,  which  dissolves  very  sparingly  in  cold,  somewhat  more 
readily  in  boilintr  water. 

Iodide  of  Arsenethylium^  Afl(CH*VI,  forms  large  colourless  crystals,  easily 
soluble  in  water  and  alcohol,  but  insoluble  in  ether.  When  heated,  tkey  fall  to 
powder,  give  off  spontaneously  inflammable  vapours,  and  yield  a  sublimate  of  arsenic 
They  are  decomposed  bv  nitnc  and  bv  sulphunc  add.  A  compound  of  iodide  of  arsen- 
ethylium and  ioduie  of  arsenic  is  obtained  by  heating  iodide  of  ethyl  to  100^  C. 
with  meftallic  arsenic  * 

4C«H»I  +  As»  -  As(C«H»)*I.AsP. 

This  compound  forms  splendid  red  tables,  which  are  decomposed  by  distillation,  yidd- 
ing  iodide  of  arsentrie&yl  and  iodide  of  arsendiethyl  (Cahours  and  Riche,  Compt 
rend  »^^^,  546).  It  is  also  decomposed  by  hot  potash-solution,  yidding  iodide  of 
arsenethyUvm,  iodide  of  potasdnm,  and  arsenite  of  potassium.    Iodide  of  arsenethylium 
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400  ARSENIC-RADICLES  (ORGANIC). 

heaUd  with  ^ids  of  «Jm,  rialdi  tin  componnd  aAj(CH')'IAiT;  •inil" 
iodide  of  eadnavm.  

AnniBtliTUiimlik«winfbTiiuB(ri-i(idi({«,AB(CH*)'P,  uulogoos to tbe i 
of  tatrethyllmn  discovered  bj  WeltiieD.  (Cahoara.  Compt  imd.  L  1033 ;  B< 
pan,  ii  ass.) 

The  tatphait,  [A»(C"H')'H]SO',  is  formed  by  predpilsting  •  ■olntum  of  I 
vith  u  uid  lalatibii  of  niIphM«  of  ailTsr.  GnnnUi'  crr>t*'*i  Buily  Bolnblc 
uiid  klcohol,  Bparingl;  in  ether,  and  decomposed  by  he*l,iritli  eralntion  of  scid 


A»(C"H'Br)(CH')'.— The  brouiidi  of  thia  mdiole  it  obtained  by  heating  a  n 
trielhjUMine  with  ■  Tfij  large  exce«  of  dibromids  of  etbjlene,  in  acaled  t 
rempentoie  Dot  abore  40°  C,  eitracting  the  product  with  water,  eraponttjng  ai 
taUiaiog  bom  boiling  alcohol.  It  forms  beantiAil  atyatala,  eztremelv  aolnble 
the  fonn  of  which  eiaetl;  FesembUa  that  of  the  comaponding  phosphomaia-t 
(see  PaoirKOHDa-BADicLBa,  OEaaino).  It  oontains  the  elemsnts  of  1  at.  ti 
of  elhjlsns  and  1  at  tciethylanine: 

(TH'Br-  +  AjCCTH*)"  -  [Aa(CH'BrXC'H')lBr. 


ABSHrVIHTL-IBlETBTLIim.       OT      V  IHTL-TBlBTBII,a«BOIIIDlI. 

(CH')'.— The  hydrated  oxide  of  thia  radicle  ia  obtained  by  treating  hromid 
mefhyl-triethylanonioni  with  eiceas  of  oiide  if  Bilrer : 

[Aa(CH'Br)(CTI')-:Br  *  Ag^  -  AalC™-)C(7HTjo  +  2AgBr. 

A  Btroofilr  alkaline  aolution  is  obtained  which,  when  trrated  with  hydrodhl 
and  pieciiutated  by  tstiachloiida  of  platimun,  yields  beantiftil,  imther  aaln 
hednma,  conCaiaing  S[As(CH'XC'H')']ClJ>ta'     (Hofmann,  loe.  cU.) 

ETBiLBtca-BixiTBTLDiaBsoNiDii.  As*(CB<r(C'H*)*.— Obtained ai 
mide  or  dictUoride,  by  digeating  the  limmide  or  chloride  of  biomethyl'trietiiyl 
with  triathylarainB  at  ISO"  C.  for  two  hours.  The  dibrwnide  [Aa»(C^*)'((?I 
treated  witb  oxide  of  ailTer,  yields  the  hydrate  [A*^C'H')-(C'H^^■(  q,^  ^ 
poweifal  alkali,  and  forma  with  adda  a  aeiiea  of  beaotilal  salla  : 

The  ^atinum-tttit.  [Aa(CH')7CH')Tn'.PtCl',  is  a  pile  yeDow  distal 
npitate,  aolnble  in  water  and  in  boiling  hydiochlorio  add,  fnim  whicli  it  a; 

The 

ErMltlw-iKiBTHTtaRsiKMOFioM  [(t?H*)'^''^^]'.  The  <«f 
this  radicle  is  obtwned  by  heating  the  brornide  of  bromethjI-IiietliirlarBonii 
-~Taonia  to  100°  C.  for  two  hoars.    Treated  with  oiide  of  silTer,  it  yields  thi 

.K™')'(™')^^|5'jo..Tb.,^.»*j,[((ra')-«™S^]-c 

italliaei — 

1.4aUc 
'ioc.  at.) 

The  reactions  by  which  the  last  four  baaes  are  obtained  an  yeciaely  si 
those  which  yield  the  corresponding  componnda  of  the  phoapbonui  aariea,  ani 
more  folly  eonaidar«d  in  the  article  FHO3FHi>B0>-BADia.Ba  (Oboutec),  in  wh 
the  fiotpAartoiuiHHt,  contoioiDg  both  pbosphonu  and  anenic,  will  be  desctib' 

ACBaBSIMBTaTLIDII,  AB(CH*)*Aa,aDdPLaTABtBKaTM«I.IDV,Al^<: 

^'Tha  chloridee  of  these  compounds  are  obtained  in  fine  eryatala  by  tm 
alcoholic  solution  of  nrseni  rietliyl  with  trichloride  o(  gold  and  dicUorida  of  ] 
rvspectirely.    (Hofmanu,  Ann.  Cb.  Pbarm.  ciii.  357.) 
AneBtdoB  or  XaVbyt. 


But  the  nature  of  this  liquid  waa  not  undcratood  till  Bnnsen  nndertook  iti 
and  showed  that  it  contained  a  melallo'idal  radicl^  AsCH*,  to  which  he  j 
thenameCacodyl  (boir.  an«i,  bad)  on  account  of  its  extremely  poioonoiu  i 
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Ban  Be  n,  moreoTar,  isolated  this  radicle,  and  prepared  a  great  number  of  its  compoonda, 
showing  that,  in  its  chemical  relations,  it  is  precisely  analogous  to  a  simple  met^iL 
This  wiis  the  second  instance  of  the  isolation  of  a  compound  ndicle,  the  separation  of 
cyanogen  by  (Hy-Lussac  having  been  the  first.  It  has  since  been  shown  by  C  an  o  u  r  s  and 
Kiche(Gompt.  rend,  tttit.  341),  that  cacodyl  or  arsendimethyl,  Ab(CH')*  may 
be  obtained  by  the  action  of  iodide  of  methyl  on  arsenide  of  sodium,  other  arsenides  of 
methyl,  viz.  As(CH*>'  and  As(CH')*  being  formed  at  the  same  time.  Lastly,  Baeyer, 
has  obtained  sereral  compounds  of  arsenmonomethyl,  AsCH*. 

Absinxitrtx,  or  Arsenxonoxbthtl,  AsCH'  b  AsMe. — (Baeyer,  Ann. 
Ch.  Pharm.  crii.  279.)  The  dichloride  of  this  radicle  (which  is  not  known  in  the  sepa- 
rate state)  is  produced  either  by  the  decomposition  of  trichlori*)B  of  aisendimetnyl 
(cacodyl)  by  heat : 

AsMcKJl"  «  AsMea«  +  MeCl 
Trichloride  of      Dichlorid«     Chloride  of 
CModjL  aneamethyl.      methjl. 

or  by  the  action  of  hydrochloric  acid  on  cacodylic  acid : 

AaMeK)<H  4-  ZBCi  -  AsMeCl«  +  MeCl  +  2HK). 

When  a  stream  of  dry  hydrochloric  add  gas  is  passed  over  cacodylic  acid,  basic  per- 
cbloride  of  cacodyl  (p.  408)  is  first  formed ;  but  by  the  continued  action  of  the  gas, 
this  compound  is  also  decomposed,  with  separation  of  water,  which  passes  over  in  the 
distillate,  together  with  the  dichloride. 

Bichloride  of  arsenmethyl  is  a  colourless,  heavy,  mobile  liquid,  having  a  strong 
refracting  power.  It  boils  at  133^  C,  which  is  nearly  the  boilinff  point  of  tri- 
chloride of  arsenic  It  does  not  fume  in  the  air,  and  is  not  decomposed  by  water,  but 
dissolves  rather  freely  in  that  liquid.  It  forms  a  white  precipitate  with  sulphuretted 
hydrogen.  The  vapour  of  this  compound  exerts  a  most  violent  action  on  the  mucous 
membranes :  on  smelling  it,  the  eyes,  nose,  and  the  whole  face  swell  up,  and  a  peculiar 
lancinating  pain  is  felt,  extending  down  to  the  throat. 

Tetrachloride  of  Arsenmethyl^  AsMeCl^ — When  chlorine  is  passed  over  a 
mixture  of  dichloride  of  arsenmethyl  and  sulphide  of  carbon  cooled  to  ->  10^  C,  large 
cr^'Ktals  are  obtained,  which  immediately  decompose  at  temperatures  near  the  freezing 
point  of  water,  yielding  chloride  of  methyl  and  trichloride  of  arsenic :  hence  the 
cry8t-als  consist  of  tetrachloride  of  arsenmethyl : 

AsCH»Cl«  «  Asa»  +  CH«a 

Chlorobremide  of  Arsenmethyl^  AsMeClBr,  appears  to  be  produced  by  the 
spontaneous  decomposition  of  chlorodibromide  of  cacodyl,  bromide  of  methyl  being 
given  off  at  the  same  time : 

AsMe'ClBr'  -  AsMeOlBr  +  MeBr; 

but  the  liquid  product  of  the  decomposition  is  too  unstable  to  admit  of  an  examination 
of  its  properties 

Iodide  of  Arsenmethyl,  AsCHI',  is  obtained  by  the  action  of  hydriodic  acid  on 
the  alcoholic  solution  of  the  oxide  (see  below).  Tne  liquid  yields  by  spontaneous 
evaporation,  ■binihg  yellow  needles  of  the  iodide  an  inch  long.  They  are  not  altered 
by  contact  with  the  air,  but  appear  to  decompose  slowly  by  keeping  (Baeyer).  The 
same  compound  is  produced  by  the  action  of  2  at.  iodine  on  iodide  of  cacodyl,  or  of 
3  at.  iodine  on  free  cacodyl,  iodide  of  methyl  being  set  free  at  the  same  time. 
(Cahours,  Compt  rend.  I  1022) : 

AsMe«I  +  P  -  Mel  +  AsMeP 
AsMe»    +  P  =  Mel  +  AsMeP 

It  melts  at  26^  C,  and  often  remains  liquid  for  a  long  time  after  cooling.  It  is  colourless 
and  volatile  without  decomposition  above  200°.C.  It  is  but  slightly  soluble  in  water, 
but  dissolves  readily  in  alcohol,  ether,  and  sulphide  of  carbon ;  less  readily,  however, 
in  presence  of  free  hydriodic  acid.  Hydrochloric  add  converts  it  into  chloride,  and 
hydrosulphuric  add  into  sulphide  of  arsenmethyl.  (Baeyer.)  Distilled  with  2  at 
iodine,  it  yields  iodide  of  metbyl,  and  triiodide  of  arsenic,  AsP.  (Cahours.) 
Oxide  of  Arsenmethyl,  Afl(CH»)0,  is  produced  by  the  action  of  potash  on  the 

dichloride :  _       ^^^ 

AsMea«  +  2KH0  -  AsMeO  +  2KC1  +  H»0; 

but  on  distilling  the  product  with  excess  of  potash,  complete  decomposition  takes  place 
and  oxide  of  cacodyl  is  obtained,  instead  of  oxide  of  arsenmethyl  (see  below\ 
V(.L.  I.  D  D 
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better  nanlt  in  obuined  b}'  B&biratmg  the  dichloride  with  carbonate  of 
en  ndding  an  exceae  of  the  latter,  extracting  with  aheolata  ■Iddiol,  diitill 
yjbol  in  a  atream  of  carbonia  add,  diceating  the  naidne  in  nilphida 
lich  leaTHB  chloride  of  potasgiam  and  other  impniitiM  ondiMolTfd.  sod  1 
iar  Bolntion  to  eraponite.  Oxide  of  anenmrtlijl  ia  then  obtained  in  la 
fttai*  (not  i^pilar,  hovever],  which  lOOn  become  doll,  and  aaaiune  tin 
lita  porcelaiii ;  aometimes,  howoTfr,  ci7>taU  are  obtained  which  retain  t 
lencj,  bnt  Iht^  are  then  Tery  imperfectly  dsrak^ied.  The  oxide  ia  '< 
nnancnt  in  the  air,  and  haa  a  itrong  odour  like  that  of  aialatidjL  1 
)«W  but  abundantlj  in  ccdd  water,  readilj  in  hot  water,  alao  in  alcohcd. 
Iphide  of  cubon.  It  melta  at  6S°  C,  and  remaini  liquid  tor  a  ooniidi 
ter  cooling.  It  ia  decompoeed  by  distillation,  aod  the  erolTedTspoan  ex 
ixed  with  air.  A  portion  Tolatiliaea,  however,  with  the  Taponr  of  watev 
f  distillation  with  bjdiate  of  potaaainm,  it  is  i«eolTed  into  aiaeniona  oxidi 

'  '  4A«(CH')0  -  Aa'C  t-  A^CE'yO. 

le  oiide  appears  to  poeaeas  rather  baaic  than  acid  propertiM,  aa  it  doe 


nm  the  chloride  of  arsennietlijlin  oiljdrops;  igdrobronic  aid  m 
idriodie  acid  prodncea  a  yellow  precipitate  of  the  iodide;  and  kydnmilpk 
bite  precipitate  of  the  lolpbide.  The  oxide  ia  not  acted  upon  by  hydnic 
It  ia  easily  raiaed  to  a  higher  stage  of  oxidation  by  ntfric  arid,  mfrctm 
tvfr-oxide.  CAlorint,  brvmint,  and  infins  added  to  its  aolntion  in  i 
fboa,  fbrm  predpitatea  which  soon  decauooae.  ComaiTe  sublimata  does 
unite  with  it 

Arienmeih^lie  acid.  AHCH*]H'0*.— The  baiiam-wlt  of  this  acid  i 
r  decon»>oaing  the  dichloride  of  arsenmelhyl  with  a  alight  execaa  of  ai 
tering  fiom  chloride  of  eilTer ;  treating  the  flltnt«  with  excmi  of  baryta 
oring  that  excess  by  carbonic  acid ;  evapoiating  the  filtered  liquid  t"  di 
iB  watei^bath  ;  diBaoiTing  the  midue  in  a  small  qoanlity  of  water ;  and  jn 
r  aleohoL  The  some  Hit  may  be  obtained  by  decompoaing  the  aqneons 
lido  of  ataenmethjl  with  merearic  oxide  (for  which  pnrpose  the  alcoholi 
itained  in  the  preparation  of  the  oxide,  Vid.  tap.  may  be  nsed),  deeom 
■nlting  mercuioua  aalt  with  baiyta,  and  proceeding  aa  bcfbre. 
By  carefully  decomposing  the  barium-salt  with  sulphuric  add  and  erapi 
tnte  over  the  water-bath,  anenmethylic  acid  ia  oMained  in  the  fijnn 


lall  needles,  united  in  arborescent  gronjia,  pHroaoent  in 
ly  water  of  ciystallisatinn.  It  is  a  strons  add,  having  a  pnTe^  sour,  agree 
id  capable  of  decompoaing  carbanKtea.  It  is  very  soluble  in  water,  and  c 
cohol  more  readily  than  cacodylic  add.  All  ita  salts  dther  crystailiw  01 
pitatea.  It  is  a  dibasic  add,  the  formula  of  its  normal  sails  being  Ab( 
be  bariiaa-ti^t,  prepared  as  above,  cryitallisee  in  colourless  needlea,  conlai 

water,  which  itgivea  npst  100°  C.  Theanhydions  salt  separates  as  ■  wh 
mposed  of  rhombic  ciystals,  when  the  concentraled  aqneous  eolotion  is 
■  mixed  with  alcohol.  On  examining  with  the  microscope  the  Bredpitat" 
r  alcohol,  the  rhombic  crystals  are  aeen  to  change  in  a  few  mimuea  int 
ledles  of  the  hydrated  salt.  The  salt  is  quite  insoluble  in  aloohol,  and  m 
sily  separated  &Dm  cacodylate  of  barium,  which  is  soluble  in  that  liqni 
eliylate  of  silver,  Ae(CH']0'Ag',  is  predpitatod  in  amnll  cryit*ls,  havii 
enaoB  histie,  on  mixing  the  neutral  solution  of  the  barinmUut  with  sibal 

is  anhydrooa,  is  bnt  little  altered  by  exposure  to  air  and  lif^t,  di>M  not 

100°  C.,  but  explodes  at  higher  temperetuns,  with  nther  strong  detonat 
SulpMidf  of  Ariinmethyl,  Aa(CH')S. — Obtained  bypassing  anlphii 
ogen  into  water  in  which  dichloride  of  arsenmethyl  is  immeised : 

As(CH')a'  +  W^-  A«(CH')S  -t-  2HCL 
le  chloride  is  then  converted  into  a  white  mass  of  the  snlpbide,  withont  tl 
[latation  of  sulphur.     The  product  is  diasolved  in  a  mixture  of  alcohol  u 

carbon,  from  which  it  ctystallises  by  rapid  CTaporstioD  in  shining  lam 
iw  Bv^ioration  in  smsJl  prisms.  It  is  insoluble  in  water,  modeiste^ 
niiol  and  etber.  ■mrj  soluble  in  sulphide  of  carbon.  In  the  eiyataUM 
Ma  at  about  100°  C,  but  often  remains  fluid  for  a  long  time  after  eooli 
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decomposed  bj  heat,  with  separation  of  sulphide  of  anenie.  It  is  permanent  in  the 
air,  and  has  a  fkint  odour  like  that  of  asafcetida.  The  alcoholic  solution  decomposes 
the  salts  of  silrer,  copper,  lead,  platinum,  and  mercurosum,  with  formation  of  me- 
tallic sulphides,  and  produces  a  white  cloud  with  mercuric  chloride. 

Absbitdimbthtl  or  Cacodtl.  As(CH')'  »  Kd. — (Cadet,  CrelL  N.  Chem.  Arch. 
i.  212 ;  Bunsen,  Pogg.  Ann.  xL  219;  xUi.  145 ;  Ann.  Ch.  Pharm.  xxxviL  6 ;  xUi.  19 ; 
Baejer,  Ann.  Ch.  Pharm.  crii  267. — Om.  ix.  316;  Ger  h.  L  626.)— This  body,  tocether 
with  the  products  of  its  oxidation,  constitutes  the  spontaneously  inflammable  uquid, 
known  as  Cadefs  fuming  Uqyid  or  alkarsin,*  To  prepare  this  liquid,  a  mixture  of  equal 
parts  of  acetate  of  pota«dum  and  arsenious  oxide  is  distilled  in  a  retort  provided  wiUi  a 
receiver,  from  which  a  long  tube  passes  into  the  chimney,  to  carry  away  the  poisonous 
gases  evolved  durinff  the  process.  The  retort  is  placed  in  a  sand-bath  and  gradually 
heated  till  it  is  red-hot  at  the  bottom.  A  brown  oleaginous  liquid  consisting  of  im- 
pure cacodyl  is  then  found  in  the  receiver,  together  with  metallic  arsenic,  and  a 
mixture  of  water,  acetone,  and  acetic  acid,  which  floats  on  the  top.  The  reaction  is 
very  complicated,  considerable  quaotitifs  of  carbonic  anhydride  ana  hydride  of  methyl 
fmarah-gas)  being  given  oft,  together  with  other  eases  in  smaller  quantity;  but  the 
formation  of  cacodyl  is  evident^  connected  with  uie  splitting  up  of  acetic  acid  at  a 
red  heat  into  carbonic  anhydride  and  hydride  of  methyl  (p.  12).  The  oily  liquid, 
which  is  very  inflammable,  is  decanted  by  means  of  a  syphon,  the  longer  arm  ai 
which  dips  under  water.  It  is  then  washed  with  boiled  water  and  distilled  ovei 
hydrate  of  potassium  in  a  current  of  hydrogen. 

Pure  cacodyl  is  obtained  by  decomposing  the  chloride  with  metallic  zinc,  dissolving 
out  the  chloride  of  zinc  by  water,  and  dehydrating  the  oily  liquid,  which  sinks  to 
tlie  bottom,  by  distillation  from  chloride  of  calciunL  The  strong  tendency  of  ca* 
codyl  to  take  fire  in  the  air  and  the  extremely  poisonous  quality  of  its  vapour,  rendef 
it  necessary  to  perform  all  the  distillations  in  sealed  vessels,  flJQed  with  diy  carbonic 
acid  gas.    Bunsen's  method  is  as  follows : 

1.  Chloride  of  cacodyl  is  prepared  perfectly  free  from  oxide,  by  distilling  alkarsiB 
with  strong  hydrochloric  add,  till  the  resulting  chloride  no  longer  emits  the  slightest 
fume  on  exposure  to  the  air ;  or  better,  by  mixing  the  dilute  alcoholic  solutions  of 
alkarsin  and  mercuric  chloride,  and  distilling  the  resulting  precipitate  of  ohioramercuraU 
qf  cacodyl  (Kd*0.2flg'Cl«)  with  very  stroug  hydrochloric  acid.  To  free  the  distilhite 
obtained  by  either  of  these  methods  from  water  and  hydrochloric  add,  it  is  digested 
for  several  days  with  a  mixture  of  chloride  of  caldum  and  quick  lime,  contained  in  the 
bulb-apparatus  ▲  (fy.  74).  The  air  is  first  expelled  from  this  apparatus  by  a  stream 
of  dnr  carbonic  acid  sas ;  the  lower  extremity  a  is  then  dipped  into  the  chloride  of 
cacodyl  below  the  hydrochloric  add;  the  chloride  of  cacodyl  is  drawn  into  the  bulb  by 
means  of  a  hand-syrinffe  attached  by  a  caoutchouc  tube  to  the  upper  end  b;  and  lastly 
the  apparatus  is  sealed  at  both  ends  and  set  aside  for  several  days. 

2.  The  decomposition  of  the  chloride  of  cacodyl  is  effected  in  a  second  apparatus  B, 
represented  in  J^.  76.  A  moderately  strong  and  rather  wide  gas-delivery  tube  is 
blown  out  to  a  bulb  in  two  places  a,  b,  about  six  inches  apart ;  the  lower  extremity  is 
then  drawn  out  and  twice  bent,  aa  shown  at  c,  d:  tne  upper  bulb  a  is  partly 
filled  through  the  wide  open  end  of  the  tube  with  small  cuttings  of  pure  zinc- 
foil  ;  the  upper  end  of  the  tube  is  then  drawn  out  and  bent,  as  shown  in  the  figure, 
and  the  whme  apparatus  is  filled  with  perfectly  dry  carbonic  add  gas.  To  intrc^uce 
the  purified  chloride  of  cacodyl  into  the  bulb  a,  the  tube  of  apparatus  A  is  cut  off 
at  c,  just  above  the  bulb ;  the  upper  extremity  /  of  the  apparatus  B,  is  then  introduced 
into  bulb  A ;  and  a  quantity  of  the  liquid,  suffident  to  half  fill  it,  is  drawn  in  by 
means  of  a  hand-syringe  connected  with  the  lower  end  e,  after  which  the  lower  end 
of  the  tube  is  sealed  by  the  blowpipe  at  e,  and  the  upper  end  sealed  and  melted  off  at  ^, 
done  to  the  bulb  a.  The  apparatus  is  now  inverted,  and  the  bulb  a  immersed  in 
water  at  100^  C.  The  reduction  then  takes  place  without  evolution  with  gas,  and 
after  some  hours,  the  contents  of  the  bulb  a  are  converted  into  a  white  saline  mass, 
wliich  appears  to  be  a  compound  of  cacodyl  with  chloride  of  zinc,  and  melts  to  an 
oily  liquid  at  110^ — 120^  C.    To  separate  the  cacodyl  from  the  chloride  of  zinc,  the 

•  ThU  liquid  wu  rappoMd  by  Banien  to  be  the  oxide  of  cacodyl,  ( AsC*H<)SO.  It  doet  not  appeir, 
howet er,  to  be  definite  in  conatltutlon.  Bunsen's  analyses  of  It  vary  (mm  89>9  to  29*4  per  cent,  in  ilie 
carbon,  and  from  6ft'4  to  66*2  In  the  arsenic.  Dumas  (  Ann.  Ch.  Phyi.  [31  viiJ.  862)  found  23*0  and  8311 
per  cent,  carbon,  and  from  Gi-9  to  69*8  per  cent,  arsenic  Now  the  formula  of  oxide  of  cacodvl  requires 
21  '2  carbon,  and  66  4  arsenic,  while  that  of  cacodyl  Itself  reqtiires  22^  carbon,  and  71*4  arsenic.  These 
renulu  are  qalte  in  accordance  with  the  supposition  that  Cadet's  liquid  is  a  variable  mixture  of  cjicodyl 
and  its  oxide;  the  upooUneous  inflammability  of  the  liquid  likewise  Indicates  the  presence  of  free  caco. 
dyi.  The  true  oxide  of  cacodyl  (Buns*n*s  paraeneodgUe  oxide,  p.  407,  supposed  by  him  to  be  isomeria 
with  ailiarsin),  produced  by  slow  oxidation  of  cacodyl  or  of  alkarsin  itself,  Is  not  spontaneously  inOaat 
naUle.    (Gerhardt.) 
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ARSENIC-RADICLES  (ORGANIC). 

of  die  aratnitiu  ii  bToken  off  under  vaUr  which  hu  been  thonme 
lii  byboiuug;  tlievhale  a^iparatiiB  ia  hpsted  to  cxpolthe  nrbimieuibjd 
Left  to  cool,  till  ths  bnlb  b  u  neulj  SUed  with  vater ;  tJu  end  c  ii  agau 
pp^toB  inclined  ao  that  the  water  maj  flow  into  the  bttlb  a  ;  w>d  thii 
r  heated.  The  chloride  of  lioc  then  dieeolToa,  and  the  eaoodyl  mak 
n  an  a  heav;  caij  liquid. 


F^.7i. 


Kg.  76. 


A  tmufamd,  with  t 
a  before,  into  Knottier  apparatiu  A  {Jig.  71),  the  bnlb  of  which 
doride  of  calciom :  for  this  pnrpoM,  the  bnlb  a  of  ippontni  B  ii  cnt  off  ■ 
iparatus  A  hsTina  been  flll«l  with  di^  earbonic  acid  saa,  its  lower  eztren 
need  into  the  biUb  a,  and  nude  to  dip  into  the  caroflyl  below  the  watery 
codfl  i>  then  drawn  by  luctioQ  with  the  syringe  into  the  bnlb  of  appa: 

is  then  sealed  at  both  endi,  and  set  aside  for  eonte  time.  The  irh 
fl  Is  next  transferred  into  a  second  MMiatns  b,  filled  with  dry  ou-bo; 
ad  having  aoine  dnc-cuttings  in  the  buib  a.  and  the  two  arms  ik  the  tt 
■ealed  and  melt«d  off  jnst  below  the  bulbs  o,  b.  The  bnlb  b  is  then  imm 
rater ;  the  cacodyl  distilled  into  it  by  gently  heittiii^  Uie  bnlb  a  with 
and  then  poored  back ;  and  the  rectification  is  repeated  in  this  manner  two 
Lastly,  the  bnlb  b  is  cooled  in  a  treeiiiig;  iniitiireto~-6°  C,  and  left  t 
I  of  the  liquid  boa  crystalliaed,  and  the  still  liqnid  portion  is  poured  b» 

then  remains  in  the  solid  stale  is  pore  cacodyl. 
«dyl  may  also  be  prepared  by  beating  the  Bnlphide  with  mercury. 
■pertiti, — Cacodyl  is  at  ordinary  temperatures  a  tranEpareDt  colonrieaa,  itn 
ig  liqnid,  heavier  than  water.  It  boils  near  170°  C.  Its  Taponr-density  ( 
as  unity)  is  by  experiment  7'101,  which  shows  that  the  fermnla  of  cai 
ce  state  ia  AifCW'  -  Aside'  =  KdKd.  For  the  afomie  weight  rep 
is  formula  i*  210  (~  2.  76  +  4.12  +  12. 1),  and  if  this  represents  2 
r,  the  weight  of  one  roL  of  vapour,  that  is  to  say,  the  specific  gravity  rd 
gen  as  um^,  ia  lOS ;  and  mnltiplying  this  by  0'l}e93,  the  specific  p 
gen  referred  to  air,  we  obtain  for  the  apeciflc  gravity  of  cKCodyl-vaponr 

as  unity,  the  nnmber  7*27SS,  which  is  veiy  near  the  number  deteim 
jnent.  Cacodyl  has  a  disgnating  odour,  somewhat  like  t}iat  of  siseoette 
nd  its  Tspour  is  yery  poisonous.  It  solidifies  at  0°  C.  in  sqnare-based  prii 
ringly  soinblB  in  water,  yeij  soluble  in  alcohol  and  in  ether.  Wben  hes 
nasel  to  aboutlDO"  C.  it  is  resolved,  without  deposition  of  eaibou,  into 
C  and  a  miitote  of  2  ToL  maiah  gas  aod  I  ToL  olefiant  gas : 
As=CH"  .  2CH'  +  CH'  +  Aa". 

odyl  takes  fire  in  the  air,  at  ordinary  temperatnm,  erea  more  readily  thi 
in,  yielding  carbonic  anhydride,  water,  and  arseniona  oxide,  bat  if  tJie  i 
present  is  not  sufficient  for  complete  combustion,  a  red  compound.  ] 
ornn,  is  formed  at  the  same  time.  This  red  sabstjuce  ia  also  prodDC* 
l\  is  poBsed  thiongh  red-bot  tubes ;  aJso  by  the  action  of  piolachlotid 
■aphonjoB  add  on  cacodyL    It  appears  to  contain  C'H"AbK>'.    Caoodjl 
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to  the  g;nuliud  action  of  ajj/gm,  sjb  when  air  is  passed  into  it  in  raecewiTe  bubbles,  is 
cnnrerted  fint  into  oxide  of  cacodyl,  and  afterwards  into  cacodvlic  acid.  It  takes  firo 
in  chlorinr  gas,  and  is  converted  by  chlorine-water  into  chloriae  of  cacodyl.  It  clis- 
anlrvs  sufphur^  forming  a  protosuiphide  or  trisnlphide  of  cacodyl,  according  to  the 
quantity.  Futtting  swpkuric  acid  dissolyes  it  without  blackening :  the  snlation  ^pvos 
ofi^  ercu  in  the  cold,  a  considerable  quantity  of  sulphurous  acid,  and  yields  by  dLstil- 
Litinn  a  product  having  an  agreeable  ethereal  odour.  It  dissolves  in  nitric  arid, 
and  the  holution  yields  with  nitrate  qf  silver  a  crystalline  precipitate  of  nitrate  of 
silver  and  caoodyL 

Bromide  of  Caeodvl,  Aj(GH')'Br  i-  EdBr,  is  obtained  by  distilling  the  chlorr>- 
marcunOa,  As'G*H"0.2fig01',  with  concentrated  hydrobromic  acid,  and  is  purified 
like  the  chloride.  It  is  a  yellow  liquid,  which  does  not  f\une  in  the  air,  and  closely 
membles  the  chloride,  when  heated  over  mercury  to  a  temperature  between  200^ 
toad.  SOO^  C  it  is  decomposed,  yielding  free  cacodyl  and  mercurous  bromide.  Heated 
with  water  it  forms  an  axybroiuide. 

Chloride  of  Cacodyl,  As(CH>m«EdCl.— Prepared  by  distilling  the  chloro- 
merearate  with  very  strong  hydrochloric  add,  and  purified  from  water  and  adhering 
hydrochloric  add  l^  placing  it  in  contact  with  chloride  of  caldum  and  quick  lime,  and 
dialilling  it  in  tlie  hermetically  sealed  apparatus  {fig.  74)  filled  with  dry  car- 
bonic auiydride.  It  is  also  produced  by  the  action  of  chlorine-water  on  cacodyl  It 
is  a  Teiy  mobile  liquid,  heavier  than  water,  which  docs  not  solidify  even  at  —  45^  C. 
It  boils  a  little  above  100^  C,  forming  a  colourless  vapour  of  specific  gravity  4*56 
(by  calculation  4'85).  It  does  not  fume  in  the  air,  but  emits  a  very  pungent  intoxi- 
csting  odour.  The  vapour  mixed  with  air  produces,  when  inhaled  in  rather  large 
quantity,  swelling  of  the  mucous  membrane  of  the  nose  and  extravasation  of  blood 
in  the  eyes.  The  vapour  evolved  from  the  boiling  liquid  takes  fire  spontaneously 
in  the  air,  and  explodes  violently  when  heated  with  oxygen  gas. 

Chloride  of  cacodyl  is  insoluble  in  wattr  and  ether,  but  soluble  in  all  proportions  in 
mlrohol.  Sulphuric  and  phosphoric  acids  decompose  it,  eliminating  hydrochloric  acid. 
Strong  nitric  acid  sets  it  on  fire.  It  bums  in  chhrine  gas,  with  copious  deposition  of 
charcoaL  Zinc,  tin,  and  iron  decompose  it,  setting  the  cacodyl  free.  With  alcoholic 
potash  it  yields  chloride  of  potassium,  and  an  ethereal  liquid  having  a  disagreeable 
odour,  and  miscible  in  all  proportions  with  water  and  alcohoL  Mixed  with  solution  of 
nitrate  qf  silver,  it  gives  up  the  whole  of  its  chlorine,  forming  a  predpitate  of  chloride 
of  silver. 

A  subchloride  or  oxychloride  of  cacodyl,  KdCl.f  EdH),  is  obtained  by  the  action  of 
water  on  the  chloride,  also  by  distilling  alkarsin  with  dilute  hydrochloric  add,  rectify- 
ing the  product  over  a  mixture  of  chiok  and  water,  and  redistilling  in  an  atmosphere 
of  carbonic  anhydride.  It  is  a  liquid  which  resembles  the  chloride,  has  a  very  offensive 
odour,  and  boils  at  109^  C,  giving  off  a  vapour  of  specific  gravity  5*46. 

Chloroeuprite  of  Cacodyl,  ^dCLCu'Cl',  is  obtained  as  a  buUi^  white  predpitate,  oa 
mixinff  an  alcoholic  solution  of  chloride  of  cacodyl  with  aisolution  of  cuprous  chloride 
in  hyuochloric  add.  In  contact  with  the  air,  it  turns  green,  and  gives  off  vezy  fetid 
arsenical  vapours.    It  is  decomposed  by  heat  into  its  component  chlorides. 

ChloropiaHnate  of  Cacodyl. — An  alconolic  solution  of  chloride  of  cacodyl  mixed  with 
tetrachloride  of  platinum,  yields  a  rod-brown  precipitate,  probably  consisting  of 
2AsC"HH}l.PtCl* ;  but  on  boiling  this  product  with  water,  a  yellow  solution  is 
obtained,  which  on  cooling  deposits  crystals  of  a  new  compound,  viz. : 

Chloride  of  Cacoplntyl,  As2C<H"Pt*^CP.2H*0,  that  is  to  say,  the  chloride  of  a  radide, 
eaeoplaty  1,  formed  from  cacodyl  by  substitution  of  1  atom  of  quadrivalent  platinum 
Ibr  4  at.  hydrogen.  The  anhydrous  compound  might  be  formed  from  1  molecule 
of  chloroplatinate  of  cacodyl  by  abstraction  of  4HC1.  This  salt  forms  needle-shaped 
ciystals,  which  are  inodorous,  have  a  nauseous  taste,  and  are  soluble  in  hot  water  and 
aleohoL  Ammonia  dissolves  it  in  all  proportions,  and  the  solution  when  evaporated 
yields  indistinct  crystals  insoluble  in  alcohol.  Chloride  of  cacoplatyl  sustains  a  tem- 
parature  of  164^  C.  without  decomposing,  merely  giving  off  4  per  cent  of  water, 
vhich  it  takes  up  again  when  boiled  with  water.  At  higher  temperatures,  it  turns 
brown,  and  then  bums  away,  giving  off  arseniciil  vapours  and  leaving  arsenide  of 
platinum.  Chloride  of  cacopl  ttyl  is  not  attacked  by  hydrochloric  acid ;  sulphuric 
add  colours  it  yellow.  With  iodide  and  bromide  of  potassium,  it  forms  yellow 
predpitates  of  iodide  and  bromide  of  cacoplatyl,  precisely  similar  in  composition  to 
the  cnloride.  With  nitrate  of  silver,  it  forms  a  precipitate  of  chloride  of  silver,  the 
liquid  remaining  neutral.  Boiled  with  sulphate  of  silver,  it  also  forms  chloride  of 
iUTer,  and  the  filtered  solution  evaprjrated  in  vacuo  yields  white  crystalline  grains  of 
§Miphat€  of  cacoplatyl,  (AaC»H«Pt'')».SO«.    (Gerh.  i.  642.) 
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Arc  suiBeient  to  excite  giddiness,  delirium,  numbness  of  the  iiauds  and  feet>  and  even 
lotts  of  oonscioiisness ;  these  attacks,  however,  are  of  short  duration,  provided  the 
person  affected  make  his  escape  in  time.  Cyanide  of  caoodjl  is  not  decomposed  by 
dilute  alkalis,  but  oonceniratid  acidi  decompose  it,  witli  evolution  of  hydrocyanic 
acid.  With  silffer'^olulions  it  forms  a  precipitate  of  cyanide  of  silver.  It  reduces 
itHtrcnrotu  nUfxtttj  but  does  not  act  on  mercuric  nitrate.  With  fnercuric  chloride^  it 
forms  a  white  precipitate  of  chloromercurate  of  cacodyL 

Fluoride  of  Caoodyl,  AB{C&*yF  »  EdF.— Produced  by  distilliog  the  chloro- 
mc/icurate  with  hydrofluoric  add.  It  is  a  colourless  liquid,  which  has  an  offensive 
odour,  and  attacks  glass. 

Iodide  of  Caeodyl,  Ab(CH')^  «  EdL — ^When  alkanrin  is  distilled  with  concen- 
trated hydriodie  acid,  an  oily  liquid  passes  over,  which  on  cooling  deposits  transparent 
rfaomboidal  tables,  consisting  of  oxywdide  ofeaeodyL  To  complete  the  separation,  the 
liquid  is  immersed  in  a  freezing  mixture,  then  decanted  from  the  crystals,  and  afterwards 
dried  and  rectified  in  the  manner  described  for  the  chloride,  the  distillation  beins,  how- 
ever, discontinued  when  two-thirds  of  the  liquid  have  passed  over.  Iodide  of  caoodyl  thus 
prepared  is  a  yellowish,  slightly  syinpy  liquid,  baring  a  strong  repulsive  odour.  It  is 
heavier  than  melted  chloride  of  calcium.  It  remains  liquid  at— 10^  C,  and  boils  at  a 
temperature  above  100^  G. ;  nevertheless  it  distils  with  the  vapour  of  water.  It  does 
not  fume  when  exposed  to  the  air,  but  gradually  oxidises  and  deposits  fine  prismatic 
crystals  of  caa>dytic  acid.  It  is  soluble  in  alcohol  and  ether,  but  insoluble  in  water. 
Uttric  and  nUphurie  acids  decompose  it,  setting  iodine  free.  When  heated  in  the  air 
it  bums  with  a  daaJing  flame,  giring  off  vapours  of  iodine. 

Oxide  of  Caeodt/ly  As^H^K)  -  EdK>.  (Bnnsen^s  Paracacodylic  Oxide,  see  p. 
403.) — This  compound  is  formed  by  the  slow  oxidation  of  caeodyl ;  also  by  the  action  of 
reducing  agents,  such  as  hydriooic,  h^drobromic,  sulphydric,  or  phosphorous  acid, 
protochloride  of  tin,  &c,  on  cacodylic  acid.  When  air  is  made  to  bubble  slowly  through 
alkarsin,  that  liquid  is  gradually  converted  into  a  ^yrup  filled  with  crystals  of  caco- 
dylic acid ;  and  on  dissolving  in  water  the  mass  thus  obtained,  and  distilling,  water 
having  the  odour  of  caeodyl  passes  over  at  first,  and  afterwards  between  120°  and 
130°  C.,  an  oily  liquid,  which  when  dried  over  caustic  barvta,  and  rectified  out  of  con- 
tact of  air,  violds  pure  oxide  of  caoodyl,  in  the  form  of  a  limpid  oil,  having  a  pungent 
odour,  sparingly  soluble  in  water,  and  boiling  at  120°  G.  When  exposed  to  the  air,  it 
oxidises  very  slowly,  without  fuming  or  rise  of  temperature,  and  is  converted  into 
cac<xlylic  acid.  Air  mixed  with  its  vapour  between  609  and  70^  G.  detonates  violently 
on  the  approach  of  a  burning  body.  Oxide  of  caoodyl  dissolves  in  hydrochloric,  by- 
drio<lic,  und  hydiobromic  acids,  forming  the  chloride,  bromide,  and  iomde  of  caoodyL 

Oxide  of  Citcodyl  forms  with  mercurie  chloride,  a  whito  precipitate,  which  is  a  com- 
pound of  the  two  substances  Kd^0.2Hg''Gl'.  This  compound,  called  ehloromerenrate 
of  caeodyl,  is  also  produced  by  mixing  a  dilute  alcoholic  solution  of  alkarsin  with 
n  dilute  solution  of  mercuric  chloride,  the  latter  not  being  in  excess.  After  several 
crvstalliBations  from  boiling  water,  it  forms  silky  tufts,  and  by  slow  cooling  of  the 
KMlutioD,  may  be  obtained  in  small  rhombic  tables;  100  pts.  of  boiling  water  dissolve 
3*47  pts.  of  the  compound :  it  is  also  soluble  in  alcohol,  especially  at  3ie  boiling  he^t 
It  is  inodorous,  but  has  a  disagreeable  metallic  taste,  and  is  very  poisonous.  When 
bented  in  contact  with  the  air,  it  decomposes  without  leaving  any  residue.  With 
hydrochloric,  hydriodie^  and  hydrobzomie  acids,  it  forms  chloride,  iodide,  and  bromide 
of  cacodyL 

Oxide  of  caoodyl  forms  with  mereurie  bromide^  a  compound  similar  in  composition 
and  properties  to  that  just  described,  viz.  the  bromomercurate  of  caeodyl, 
Kd*0.2^^r'.  With  nitrate  ofeilver,  it  forms  the  compound  3Ed*0.2NO'Ag,  which 
separates  in  the  form  of  a  heavy,  whito,  crystalline  powder,  on  pouring  a  solution  of 
nitrato  of  silver  into  a  cold  solution  of  alkarsin  in  dilute  nitric  add.  This  compound 
sustains  a  temperature  of  90°  0.  without  decomposing,  but  explodes  at  100°  G.,  giring 
ofF  fotid  arsenical  products.  With  tetrachloride  of  platinum,  oxide  of  caeodyl  forms  a 
rt'd-brown  precipitete,  and  with  cyanide  of  nutrcury  a  brown  pulverulent  predpitete^ 
resembling  paracyanogen  and  smelling  like  dried  nightshade  berries. 

Dioxide  of  Caeodyl,  A»C»H«0  -  KdO,  or  Cacodylate  of  Caeodyl,  ^^  |  O'—This 

is  the  thick  syrupy  liquid  which  is  produced  by  the  slow  oxidation  of  caeodyl  or  alkar- 
gin,  and  gradually  becomes  filled  with  (oystals  of  cacodylic  add.  It  is  decomposed  by 
water,  and  the  liquid  then  yields  a  distUiato  of  oxide  of  caoodyl,  and  leaves  a  residue 

of  cacodylic  add: 

4KdO  +  H*0  -  KdK)  +  2KdO*H. 

Oaoodylie  Acid,  AsC*H'0'  ^  EdO^H,  or  Ed'OMI^O.— This  compound  may  be 
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gpHfdbf  jHUsingaxTeengu for •erenUdaji through allunin;  the gnattr pa 
laid  UthanconTertoaintocryitaljof  cacodjlieacicLirhich  majbepohflcd  I7 
twe«n  paper  ^"A  reciTstsllisatiaii.  Thia  mode  of  picparttion,  bowerer,  u  i 
<1«  And.  daDZOFOius  on  accourxt  of  the  influninftbilitj  and  pouonom  cb^tcte 
codyL  A  ufer  *nd  more  eipeditiona  method  is  to  oxidise  iJluraia  with  i 
ide.  The  two  sutxtiuicM  Are  pUced  together  luider  mter,  in  h  tmbsI  ei 
oled;  meieaiy  if  Uieicbj  ndoced,  tod  cuot^Uta  of  mercniy  formed  : 

iKA  +  4Hg'0  =■  8Hg  -)-  Hg'tKdO')'. 
DK  Bllcaraln  U  tbea  added,  drop  bj  drop,  till  merdiry  do  longpr  gepamffs  on 
e  mixture,  and  a  fuint  odour  of  cacodW  becomea  prrceptible  ;  after  vhich  tl 
evaporated,  tbe  reajdne  diMolved  in  alcohol,  and  the  eioodjlie  acid  vhich  cr^ 
im  the  aolation  is  puri&ed  by  KciystiiUiaBtJau  from  alcohol.  It  ix  then  obt 
rge  oblique  riiomboidal  ptums,  tnuupMvnt  and  colonrleea.  It  ii  ioodiiroin 
all  poisonous,  although  it  eoDtains  S4'86  per  cent,  of  araenic  It  diaeolTca 
all  pioportionB,  somewhat  leai  freely  in  aleohol.  and  ia  iuBoluble  in  ethei 
nnanent  in  dry  air,  bnt  dxmp  air  decompoacB  it.  It  is  slFo^ther  a  Tei 
mponnd,  sustaining  a  heat  of  200°  C.  withoat  decomposition :  at  higher  t 
rra  howeTer,  it  deeompnaes.  Yielding  areenioua  oiide  and  other  araenieal 
iring  a  Tety  fetid  odour.  It  is  not  attacked  by  fuming  nitric  odd,  or  by  ■ 
■ulpbnrie  acid  and  chromate  of  potassium,  even  Sit  the  boiling  heat.  It  ii  » 
Kd  by  snlphurouB  acid,  oxalic  acid,  ferrous  sulphate,  or  hydrogen  gaa ;  b 
lated  with  piotp/i<mrut  asid,  itgirefloff  TapouraofeacodyL  It  is  alao  redaoed 
ueous  aolution  is  boiled  with  einc.  An  acid  solntJon  of  protocUondt  of  tin  en 
M  chloride  of  cacodyL  Diy  hydriodic  acid  gas,  paned  orer  diy  cacodylic  aci 
Hide  of  cacodyl,  water,  and  free  iodine : 

EdO*H  +  3HI  -  EdI  +  SH'O  +  3L 


rming  the  compound  KdO'H.ClH.  Bat  bj  ezposiag  cacodylie  acid  for  aome 
stream  of  hydrochloric  acid  gaa,  dichloridt  of  arienvumotnctij/l  it  obtained, ' 
th  water  aud  ehlotide  of  methyL    (Baeyer)  : 

Aa(CH')«0^  +  3Ha  .  AaCHKa*  +  SHK)  +  CHKH. 
dphydric  add,  either  diy  or  in  aqaeoBa  solution,  deooupoaea  caeodylic  ac 
le  of  temperature,  foiming  dimlphide  of  cacodyl,  water,  and  mlphnr : 

2BdCra  +  3ira  -  2Kd3  +  iEK>  +  3; 
it  if  the  cacodylie  add  is  dissolved  in  weak  alcohol,  aconaidarableqiuatityt 
Iphide  is  formed  aa  wellaa  disulphide: 

2EdO^  4  3H«  <.  Ed's  +  4HK}  +  JS. 


ing.  The  general  fonnnla  of  the  normal  cacodylates  ia  AaCTHTJO"  =  : 
11^  require  a  higher  temperature  to  decompose  them  than  the  acid,  and 
nkiog  prodacts,  leaving  b  reaidue  of  carbonste  or  aisensle.  They  dissolve  i 
d  in  alcohoL  Sulphjdiic  acid  Fonverts  them  into  the  correapcndiog  m/pAo 
ia  EdS'M.  With  lilacr,  cacodjlic  acid  forma  a  normal  aalt,  XdO'Ag,  ud 
It,  EdO'Ag.SKdO'H,  both  of  which  oyslallise  in  needles^ 
Cacodylie  acid  aleo  combines  with  certain  aadi, 

Hj/drccMoratt  of  cacodglic  add.  KdO'H.ClH,  called  by  Bansen,  batieptrdii 
amyl,  is  obtained  by  dissolving  cacodjlic  acid  in  concentrated  hydrochloric  a 
aporating  in  vacuo.  It  then  solidifies  in  a  masa  of  beuulinil  lamellated  ciya 
orous,  but  having  a  etrone  acid  taste  (Bunaen).     It  ia  also  produced  by  thi 

water  or  alcohol  on  trichloride  of  cacodyl  (Baeyer,  p.  406).  The  eomp 
composed  by  water  into  hydrochloric  and  cacodylie  acids,  and  when  h< 
0°C.  gives  off  monochlorinated  hydride  of  methyl,  water,  hydrochloric  v. 

oily  liquid,  leaving  a  residue  of  araenious  acid. 

On  mixing  the  alcoholic  solations  of  caoodyhc  acid  and  mereorie  chloride, 
/a((  of  memiTK  cMoridt,  Ed'0'.2HgCl.  is  precipitated  in  white  shining 
lich  change  after  a  while  to  slender  needlefc. 

Bgdrojlvorie  add  (bnas  witi  cacodylie  aoid  a  similar  compoond,  EdCHJI 
rstalliaes  in  flue  |irismE.  Hydrobronac  add  also  unites  directly  with  caoodji 
t  the  compoimd  is  a  syrupy  liquid  which  does  not  crystallise. 
StUnide  of  Cacodyl,  ia  obtained  by  distilling  chloride  of  cacodyl  two  1 
lea  with  aqoeom  aelenide  of  sodium.  It  ]«issi?s  over  with  the  vapour  of  w 
c  form  of  a  heavy  yellow  oil,  having  an  exlnmolj'  offcnsiit  odour.     It  is  ii 
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ia  water,  bat  lohible  in  alcohol  and  ether.  It  has  a  rerj  high  boiling  point  It  fbrma 
black  precipitates  with  lead  and  stiver  salts,  and  with  mercuric  chlontb,  it  Yields  first 
a  black  precipitate  of  sulphide  of  mercoxy,  and  afterwards,  on  farther  addition  of  the 
mercorj-^alt,  a  oopions  precipitate  of  chloromercorate  of  caoodyL 

Sutvkide  of  Cacodyl,ABH^B.*8  ^  Ed^  may  be  prepared  by  adding  a  solution  of 
snlphiae  of  barium  to  the  crude  liquid  obtained  by  distilling  acetate  of  potassium  with 
arsenious  oxide,  or  by  distilling  sulphydrate  of  barium  wiSi  chloride  of  caoodyl.  It  is 
purified  by  means  of  carbonate  of  lead  and  chloride  of  calcium.  It  is  a  transparent, 
colourless,  extremely  fetid  liquid,  which  retains  its  fiuidity  at  40^  C,  and  boils  at  a  tem« 
perature  considerably  above  100^,  yielding  a  raponr  of  specifie  grayity  7  *72.  It  is  nearly 
insoluble  in  water,  but  mixes  in  all  proportions  with  alcohol  and  ether.  It  does  not 
fume  in  the  air,  but  rapidly  absorbs  oxygen,  being  converted  into  dioxide  and  disul- 
phide  of  caoodyl : 

Kd>S  -h  0  -  KdO  +  EdS. 

Hydrochloric  acid  converts  it  into  chloride  of  caoodyl,  with  evolution  of  sulphydrie 
acid. 

JHtulphide  of  Caeodyl^  KdS,  or  Sulphocacodylate  of  caoodyl,  ^j  [S*. — Obtained  by 

the  action  of  sulphur  on  caoodyl,  or  on  the  monosulphide,  or  br  treating  cacodylic  acid 
with  sulphuretted  hydrogen  in  a  vessel  externally  cooled.  Disulphide  of  cacodyl  then 
separates,  mixed  with  excess  of  sulphur,  firom  which  it  may  be  separated  by  solution 
in  boiling  alcohoL  The  solution,  if  slowly  cooled,  deposits  the  disulphide  in  larse 
rhombic  tables,  but  if  quickly  cooled,  in  small  prisms,  soft  and  greasy  to  the  touch. 
The  compound  has  a  pungent  odour,  like  that  of  asafcetida,  is  permanent  in  the  air, 
and  melts  at  60°  C,  forming  a  colourless  liquid,  which  solidifies  in  a  crystalline  mass  on 
cooling.  It  is  insoluble  in  water,  but  dissolves  readily  in  alcohol,  very  sparingly  in 
ether.  It  dissolves  in  hydrochloric  add  without  alteration ;  in  strong  sulphuric  acid, 
with  evolution  of  sulphurous  acid  and  separation  of  sulphur.  Nitric  acid  and  peroxide 
of  lead  convert  it  into  cacodylic  add.  Mercuiy  decomposes  it,  forming  protosulphide 
of  cacodyl,  and  sulphide  of  mercuiy. 

Sulphocacodylic  acid,  AsC^H^  «■  KdS'H. — This  acid  has  not  been  obtained  in 
the  free  state,  but  its  salts,  EdSfBi,  are  obtained  by  predpitating  the  alcoholic  solution 
of  the  disulphide  with  alcoholie  solutions  of  certain  metiQlic  salts,  or  by  decomposing 
the  cacodylates  with  sulphydrie  acid.  The  lead-salt,  Ed*S*Pb*,  forms  small  white 
pearly  scales,  which  are  inodorous,  permanent  in  the  air,  not  affected  by  sulphydrie 
add,  iuBoluble  in  water,  nearly  insoluble  in  alcohol.  The  cupro%u  salt,  Ed*S'(Cu*)'', 
[Ccu  ==  Cu*],  is  obtaiocd  by  adding  an  alcoholic  solution  of  cupric  nitrate  to  a  largo 
excess  of  alcoholic  disulphide  of  cacodyl,  cacodylic  acid  and  nitrate  of  caoodyl  being 
formed  at  the  same  time : 

2K.1»S^  +  2(N0«)«Cu''  +  2H»0  -  Ed'S^CCu')"  +  EdO«H  +  NO«Ed  +  8N0»H. 

It  is  a  soft,  loose,  esg-yellow  powder,  which  is  decomposed  by  heat,  and  is  insoluble 
i  n  wa  tor,  aqueous  wiSs,  alcohol,  and  ether.  The  antimony-salt,  Ed^^b  (Sb  being  ^ni- 
valeut  to  H'),  crystallises  in  short  light  yellow  neecQes,  difficult  to  purify.  The 
hUinuth-salt,  Ed'SfBi,  forms  delicate,  golden-vdlow,  inodorous  scales,  which  are  per- 
iiuiDcnt  in  the  air,  sustain  a  heat  of  100°  C.  without  decomposition,  and  are  not  affected 
\>y  bulphydric  add.  They  are  insoluble  in  water,  and  nearly  insoluble  in  alcohol 
and  ether.  The  gold-salt,  EdS'An,  is  obtained  by  mixing  the  alcoholic  solutions  of 
disulphide  of  cacodyl  and  trichloride  of  gold,  cacoaylic  add  being  formed  at  the  same 
time,  as  a  soft,  yellowish  white,  tasteless,  inodorous  powder,  which  is  set  on  fire  by 
Htrong  nitric  add,  with  separation  of  sulphur  and  gold.  It  is  decomposed  by  caustic 
l^>otaBh,  but  not  by  sulphy^c  add.  Insoluble  in  water,  hydrochloric  acid,  alcohol  and 
ether. 

Arsbntbim BTHTL  As{CH")'  and  Absbitm ethtlium  As(CH*)*.  (Cahours  and 
Riche,  Compt.  rend,  xxxix.  641.) — ^When  iodide  of  methyl  is  dropped  by  small  portions 
into  a  small  fiask  filled  with  carbonic  anhydride  and  containing  pulverised  arsenide  of 
fvCKiium,  a  considerable  degree  of  heat  is  aeveloped ;  and  if  the  additions  of  iodide  of 
lu ethyl  be  repeated  till  no  further  rise  of  temperature  is  produced,  and  the  mixture  be 
then  distillea  in  a  current  of  carbonic  anhydride,  four  products  are  obtained,  viz.  unnl- 
torecl  iodide  of  methyl  a  white  crystalline  body,  and  a  heavy  liquid  composed  of  two  dis- 
t  iiict  compounds,  one  of  which  boils  at  120®  C.,  the  other  between  166  and  170°.  The 
former  is  arsentrimethyl ;  tiie  latter  arsendimethyl  or  cacodyl.  The  quantity  of  these 
liquids  obtained  is  but  small,  even  when  the  matter  operated  upon  amounts  to  100 
grmuneb. 

Ar$$ntrim€tkyl  ia  obtained  pure  by  the  decomposition  of  iodide  of  arsen- 
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qntMstitj.    Chloride  of  anendimethyldiethylium  formB  crfiUlline  eompoimda  with 
coloride  of  mereozj,  trichloride  of  gold,  and  dichloride  of  puttinnm. 

The  Hydrate  is  formed  by  treating  a  solution  of  the  iodide  with  oxide  of  silyer;  a 
strongly  alkaline  liquid  is  then  obtained,  which,  when  eraporated,  deposits  the  oxide 
in  very  deliquescent  oystalline  scales. 

Sulphide. — Sulphide  of  ethyl  acts  yciy  slowly  on  cacodyl,  and  only  when  heated, 
forming  czystalline  sulphide  of  arsendimethyldiethylinm  ana  a  yellowish  oil,  consisting 
of  sulphide  of  cacodyL 

The  Sulphate  and  Nitrate  are  obtained  in  the  form  of  very  deliquescent 
crystals,  by  treating  the  solution  of  the  iodide  with  sulphate  or  nitrate  of  silver. 

Absentbixbthtl-bthtlzum,  AsMe^EI,  and  Absbnxbthtl-tbtbthtliuii, 
AsMeE*. — ^The  iodides  of  these  radicles  are  obtained  by  treating  arsentrimethyl  with 
iodide  of  ethjl,  and  arsentriethyl  with  iodide  of  methyl  respectively.  Both  are 
isomorphous  with  the  iodides  of  arsentetramethyUum  and  arsentetrethylium. 

Absbndixbthtl-diamtliux,  As(C*H')<(C*H")>  »  AsMe'Am'.—The  iodide  of 
this  radicle  ii  produced,  together  with  iodide  of  cacodyl,  by  heating  cacodyl  with  iodide 
of  amyl  to  180^  C.  for  two  or  three  da^.  It  crystallises  either  in  nacreous  needles,  or 
in  thin  plates.  Treated  with  oxide,  nitrate,  and  sulphate  of  silver,  it  ^elds  the  oxide, 
nitr€Ue^  and  eitlphate  of  arsendimethyldiamyliuuL    (Cahours  and  Biche.) 

The  arsenides  of  methyl  and  their  compounds  are  related  to  one  another  by  the  fol- 
lowing law.  If  we  arrange  them  in  two  groups,  the  one  formed  on  the  type  of  chloride 
of  ammonium,  NHK?1,  the  other  on  that  of  ammonia,  NH',  as  in  the  foUowing  tables, 
we  find  that  each  member  of  the  second  column  may  be  derived  from  the  one  next 
al>ove  it  in  the  first,  by  abstraction  of  chloride  of  methyl ;  and  each  member  in  the  first 
column  except  the  highest,  may  be  formed  from  the  one  next  above  it  in  the  second, 
by  addition  of  2  atoms  of  dilorine,  the  series  extending  from  chloride  of  aisentetrame- 
thylium  to  trichloride  of  arsenic : 


2Jfp«NH*CL 

As  Me  Me  Me  Me  CI 

Ab  Me  Me  Me  a    a 
As  Me  Me  a    a    CI 

As  Me  a  a  CI  a 


As  Me  Me  Me 
Ab  Me  Me  a 
Ab  Me  a   a 

Ab  a  a  a 


All  the  reactions  indicated  in  this  table  have  been  actually  observed,  excepting  the 
resolution  of  AbMc^CI  into  AaMe*  and  MeCl,  and  that  of  AsMe'Cl'  into  ABMe'Cland 
MeCl ;  but  a  decomposition  analogous  to  the  former  of  these,  appears  to  take  place  in 
the  preparation  of  the  iodides  of  the  arsenmethyls  and  arsenethyls,  the  iodide  of  arsen- 
metnybum  or  arsenethylium  beinff  formed  at  first,  and  then  resolved  by  distillation 
into  iodide  of  me^yl  or  ethyl,  and  arsentrimethyl  or  arsentriethyl,  just  as  iodide  of 
tetrcthylium,  N(C'H*)*I,  is  resolved  under  similar  circumstances  into  iodide  of  etiiyl 
and  tnethylamine. 

There  is  also  another  relation  to  be  observed  between  these  compounds,  viz.  that 
each  of  them  may  be  derived  from  the  one  immediately  above  it  in  the  same  column, 
by  substitution  of  chlorine  for  methyl ;  and  hence  it  appears  that  AsMe*  is  monatomic ; 
AsMe*  diatomic ;  AsMe*  either  monatomic  or  triatomic ;  and  AsMe  either  diatomic  or 
tctratomic ;  just  as  in  chloride  of  propyl,  CH'Cl,  the  radicle  C*H*  replace*  1  at  hydro- 
gen, whereas  in  chloride  of  propylene,  C?^*Ci*,  derived  from  the  former  by  substitution 
of  ICI  for  IH,  the  radicle  C'H*  takes  the  place  of  2  atoms  of  hydrogen ;  and  in  tri- 
rhlorhydrin,  C'HKIJI*,  the  next  term  in  tne  same  series,  CH*  (glyceryl),  takes  the 
place  of  3  at.  H.  Moreover,  just  as  the  group  C*H*  is  monatomic  in  the  allyl-com- 
pounds,  and  triatomic  in  the  glyoeryl-compoimds,  so  likewise  As(CH')*  is  sometimes 
monatomic  and  sometimes  triatomic  The  analogy  between  the  two  series  of  com- 
pounds will  be  more  clearly  seen  from  the  following  tabular  view : 


As(Ck»)« 
As(dk»)« 
As((5h»)' 


a 
ci« 
a» 
a 


C»H'. 

CI 

c?ta«. 

.  a» 

C*^* 

.  a« 

C«H»  . 

a. 

Similar  analogies  may  be  traced  in  the  compounds  of  arsenic  and  ethyl,  and  like- 
wise, though  not  yet  ouit«  so  clearly,  in  the  compounds  of  antimony,  bismuth,  and 
phosphorus,  with  the  alcohol-radicles.  (Baeyer.)— In  fact,  the  compounds  of  these 
metailoidal  radicles  may,  in  almost  all  cases,  be  reduced  to  the  general  ^pes  MR', 
M'R",  MR*,  M*R*,  where  M  stands  for  P,  As,  Sb,  or  Bi ;  and  the  3  or  5  at.  R  are  mads 


i^' 


f.ii 


l\ 


i 


/' 
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up,  ptutbr  ^  ">  alcoliol'mdicle,  putlj  b;  im  tqniralent  qtutntit;  of  cUor 
Oijgen,  mlplinr,  fe,     {St«  OwuHO-nriLLiO  BoBuW.) 

An«Bid«  of  Tetryl.  7>fryt  or  BiUsl-cacod^l.  Caeodgl  of  VaUt 
When  Talerate  of  potutiam  ii  dutilled  with  an  equnl  weight  of  sraeiiio 
hearj  TeUowish  oil  pusea  over,  irbich  has  ■  penetnting  >]liaeFoiu  oi 
copioiuuy  in  tlir  air,  bat  does  not  take  fire  apoataseoimlj.  It  ii  ■otnble  in  ■ 
a  Uiick  irhite  precipitate  with  mexcane  chloride,  and  ippoan  lo  rednce  mei 
til  the  mettdlic  atato.  When  left  for  some  time  in  a  loose];  closed  Teaael. 
entirely  into  a  mau  of  large,  hard,  shining,  nearlj  coloorleH,  prisms,  i 
drying  between  filtering  paper,  ar«  deatitate  of  odour.  They  have  an  acj 
diaaoJre  in  water,  and  an  completely  decomposed  bj  nitnta  of  silrer.  (Q 
Am.  J.  [2]  rr.  118.) 

Ars«Blile  of  Ttltjl,  TrityU  or  Fnm/t-cacodpl.  CaeoJyl  of  Su'.yrie 
distilling  equal  weights  of  bntjrate  of  calcinm  and  arsenious  oxide,  whti. 
distillate  with  magnesia  and  water,  and  rectifying,  a  heaxy  coloorieis  oi 
obtained,  which  has  a  diagostiog  cacodyl-odonr,  does  not  f^e  in  the  sir. 
when  set  on  fire  with  a  white  flame  and  arseniesl  nnolip.  The  watery  11 
pasaea  ever  with  the  oil,  sppean  to  contain  a  considerable  quantitj  of  it,  i 
white  precipitate  with  mcrcorie  chloride,  the  eaeodjl-odonr  being  at  the 
deatmyed.  The  precipitate  dissolTcs  on  beatine  the  liquid,  but  mappeai 
cryitsls  OD  coaling.  On  mixing  the  aolntion  and  the  crystals  with  bydro 
and  line,  the  odonr  of  caood^l  rea^ipeaia,  the  evolred  hydrogen  gires  off  ' 
Aimos  in  the  air,  and  deposits  an  orange'Coloored  Kuhatonce  on  cold  bi 
mixture  when  heated  jields  a  colonrleas  fostid  oil,  which  fames  in  the  air, 
spontaneoul;  in&ammablsL    (Wohler,  Ann.  Ch.  PhonD.  Lnui.  127.) 

JUUiMMIOUSBBira.  AneiKKTOeite.  A  hydrated  ttetioo-ealeit 
occurring  at  Bomantehe,  near  Hacon.  in  spherical  masses  of  fibrous  teztim 
colour.     Its  exact  compoaition  bss  not  been  determined. 

JUUnrzra  or  AXSaMOU^^  Jrtmic  bloom.  Ifahv  Aruraau 
A  ran-  mineml,  generally  occurring  in  needle-stufied  or  capillai;  eryslala,  & 
with  Bphcrical  and  bol^oi'dal  surface;  Tery  rarely  in  regnlai  octahedron 
gniTltv  ■<  3*69  to  3-71.    Hardness  -  IS.     Iteonsiits  of  tuwnioas  oxide  r 

Iwitli ,. 

^     ...  i*  tmnslncent,  with  vitreona  to  ailfcy  lostre.     It  is  fbimd,  SM 

ores  of  riWer,  lead,  arseniral  iron,  cobalt,  nickeC  tK.,  at  Andreasbnrg  in 
alio  at  Joachirasthal  in  Bohemia,  Eqinik  in  Hnngaiy,  and  in  tJie  old  miiv 
inHaoaD.     (DaDa,ii.  139.) 

AJUBWOXax.AJiS.    SeeBnnrm. 

JIBaBXOVTKZT&     Sjn.  with  HuFUULKL. 

Native  dianenide  of  iron.  (See  Iboh,  Ajue 
Breithanpt'B  name  Ibr  a  mineral  which,  Srccord 
has  the  composition  of  anenioos  oxide,  but  crystallisea  in  fonni  of  th 
system,  isomorphoiia  with  valentinite.  The  tzioiides  of  anenic  and  an 
therefore  isodimaiphous. 

uamosmv.  ThenamegireubyL.  Omelia  (Hsndb.  ix.3Ifi),  to 
thetical  compound  AsH*  ( —  Ar),  analogoos  to  amidogcn,  NH',  formeri 
by  Laurent,  Oerhardt,  and  Dumas,  to  exist  in  cacodyl  and  its  derivatire) 
ing  to  this  liew,  cocodyl  was  anpposed  to  be  tiie  hydrida  of  a  compoEui 
analoBoua  to  ethylene,  vis.  CArtP.H;  oxide  of  cacodyl  -  OArlP-HO; 
sulphide  "  CArIP.HS,  Ac 

AXTXjUnrXW,  or  CTObAMXV.  a  ciyatoUine  substance  extracted  b 
(J.  Chim.  raii.  tl  4IT),  &om  the  rootsof  (^anun  Eunmmim  {Arthanita 
— It  is  aaid  also  (o  exiat  in  small  quantity  in  the  roots  of  tbe  cowslip  (iWr 
of  Anoffallii  arveruu,  and  UiaotrUa  aqaatica, — It  is  prepared  by  digeatiof 
roots  of  cyclamen  with  alcohol,  erapotating  the  extract,  and  treating  the  rt 
with  ether,  then  with  cold  water:  the  iniKiluble  part  constitutes  arthon: 
purified  by  recryetallisatiou  from  alcohol,  with  Uie  aid  of  animal  chamn] 
tallises  in  fine  colonrless  needles,  which  are  inodorous,  but  have  a  strongly 
styptic  taste.  It  is  neutral  to  vegetable  colonrs,  disaolvea  in  SOO  pta.  of  w»1 
in  alcohoL  It  is  altered  at  the  lemperatore  of  boiling  waWr,  becoming  leoe 
iilrohol.  Nitric  acid  tranaforms  it  into  oxalic  acid.  Snlphnric  acid  commi 
it  u  vioIct-red  tint  Taken  internally,  artbasitio  sets  like  *  nnrgative,  an' 
vomiting. 
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According  to  Yerdeil  (Compt  rend. xli.  fi88X  the  green  ooloor- 

ig  matter  of  the  artichoke  {Cynara  acolymua)  ana  other  composite  plants,  is  a  sub* 
tance  distinct  from  chlorophyll,  and  is  formed  by  the  action  of  the  air,  water,  and 
mmonia,  on  the  comminuted  parts  of  the  phmts.  The  lianid,  which  has  a  fine  green 
:>lour,  forms  with  acetic  add  a  bnlky  oreen  precipitate,  which  resemblee  indigo  whea 
rr,  but  when  treated  with  aqueous  alkalis,  again  forms  solutions  of  a  beautiful  green 

The  artichoke  yields,  accordinff  to  Bichardson  (Ann.  Ch.  Pharm.  Ixvii.  Tabl#»), 
1  the  fresh  state,  1*17  per  cent  of  ash ;  in  the  diy  state,  6*2  per  cent  In  the  roots, 
t^ms,  and  leaves  of  the  Jerusalem  artichoke  (Hdianihui  tuberonu)  Way  and  Ogstor 
Joum.  of  Agric  8oc  yiL  [2]  693)  found  in  the  fresh  state,  1*79,  1*94,  and  1500  pex 
ent.  of  ash ;  in  the  same  parts  when  dried,  12*2,  4*4,  and  28*3  per  cent  The  con- 
tituents  of  the  ash  an  giyen  in  the  following  table : 


Arttcfaoke. 

JeruMlem  Artichoke. 

'^RooC 

Stem. 

L«ave«. 

Potash 

24*0      . 

.      65*9 

•                            • 

38*4 

6*8 

Soda     .... 

6-6      . 

0*7 

3*7 

Lime    •        •        •        . 

9*6      . 

3*8 

20*3 

.     40*1 

Magnesia 

4-1      . 

1-8 

1*9 

2-0 

Sulphuric  add  ^80*)     . 
Carbonic  add  (CO*) 
Phosphoric  add  (P«0») 

6-2      . 

3*8 

8*2 

20 

11*8 

26*4 

24*3 

36-2     '.        \ 

.      18-7 

8*0 

0*6 

Silica    .         .         . 

70      . 

1-6 

1-6 

.     17*6 

Sesquioxide  of  iron 

06 

0-9 

1*1 

Chloride  of  potassium    . 

6*0 

Chloride  of  sodium 

3*6      ! 

•                            • 

4-7 

•                  a 

1*8 

Sesquiphoephate  of  iron 

4*8 

ITOOAMWUm  ZVOZ8A.    The  fruit  of  this  tree,  the  bread-fruit  tree,  which 
TOWS  in  the  islands  of  the  East  Indian  Archipelago,  contains  14  per  cent,  of  starch, 
per  cent  albumin,  19  gluten  and  woody  fibre,  and*  63  water. 


The  fresh  tubers  of  this  plant  yield,  according  to 
\  J.  Herapath  (Chem.  Soc.  Qu.  J.  iii  193),  1*66  per  cent  ash,  containing  in 
00  pte. :  61*7  pts.  soluble  in  water,  and  consistmg  of  46*1  K"0 ;  8*1  NaCl ;  3*8  SO*; 
•7  r«0»;  and  38*7  pts.  insoluble  in  water,  consisting  of  18*3  KH);  1*1  FeW; 
1*4  P«0»,  6*1  SiO«. 


The  fresh  plant  contains  a  shaip  milky  juice,  which  pro- 
aces  inflammation  of  the  skin,  but  is  so  Tolatile  and  unstable  that  it  is  no  longer  present 
1  the  dried  root  The  diy  root  is  said  to  contain  71  per  cent  sturch,  together  witb 
3  per  ce^t  gum  and  vegetable  mucus. 


The  dry  plant  yields  4*7  per  cent  of  ash,  which, 
rrording  to  Schulz-Fleeth  (Pogg.  Ann.  Imdv.  80),  contains  in  100  pts.:  8*6  KH), 
•9CaO;  l-2MgO;  02  FeK)»;  2*8  S0«;  71-6  8iO«;  6-6CX)«;  2*0 PW;  0*4  NaCL 

SeeBsmonr. 


iAm  Gummi  Aam  JatidtB^  Stinkasant^  Teufelsdreck. — A  gum-resin 
xtracted  from  the  root  of  the  Fertda  Aaqfatida^  an  umbdUferous  plant  growing  in 
^ersia.  The  root»  which  is  black  on  the  outer  surfiice,  resembles  a  hurg^  jMrsnep.  On 
uttiDg  it  transrerad^,  the  asafretida  exudes  in  the  form  of  a  white  juice,  like  cream,  but 
n  exposure  to  the  air,  it  gradually  becomes  yellow  and  at  last  dark  brown.  It  is  very 
pt  to  run  intodecompodtion;  hence,  those  who  collect  it  carefully  defend  it  from  the  sun. 
"^he  fresh  juice  has  an  excesdvdy  strong  smell,  which  grows  weaker  and  weaker  upon 
eeping ;  a  sinsle  dram  of  the  fresh  fiuid  smells  more  man  a  hundred  pounds  of  the 
ry  asafcetida  brought  to  us.  The  Persians  are  commonly  obliged  to  hire  ships  on 
urpose  for  its  carriage,  as  scarcdy  any  one  will  receiTe  it  along  with  other  oommo- 
ities,  its  stench  infecting  everything  that  comes  near  it 

Asafcetida  is  met  with,  sometimes  in  small  drops  or  tears,  but  more  fr^uently  in 
eddish  masses  with  white  streaks.  Specific  gravity  1*327.  Its  recently  fractured 
orface  has  but  little  colour,  but  quickly  reddens  on  exposure  to  the  air.  It  is  friable 
t  very  low  temperatures,  but  softens  at  the  heat  of  the  hand.  It  dissolves  in  alcohol 
inch  more  readily  than  in  water.  It  has  an  extremely  disagreeable  alliaceous 
door,  and  a  sharp  biting  taste.  It  contains  in  100  pts.,  according  to  Pelletier 
Bull.  Pharm.  iii.  656),  660  of  resin,  19*4  soluble  gum,  11*2  bassorin,  3*6  volatile 
11,  and  0*3  of  malate  of  caldum.  According  to  Johnston  (Phil.^  Hag.  Dec.  1838) 
le  resin  of  asafotida,  which  may  be  extracted  by  alcohol,  is  of  a  light  yellow  colour. 


S 


ASAFfETIDA  -  ASABUH. 


_  .  0  lalphitr, 
I  iu«d  u  a  lemedj  in  nerroiu  sod  hTBtetie  iffectioDs,  ■■  k  deol: 
•ometimea  u  ui  MiUPlinuitia.  It  u  said  to  be  osed  bLki  by  •mue  AaiU 
coDdimeDt. 

Oil  of  A^fatida. — Aa&fcetida  diBtiUed  witll  tsIat  Tirlda  about  3  pt 
■nlphnretteii  cwentia]  oil,  to  which  its  odour  is  dae.  This  oil  ii  oeatral,  1 
bftween  136°  and  1*0°  C^  and  when  left  at  iwft,  gives  off  a  oonndim 
of  mlphjrdric  add.  Hlaaiweti{Aiiii.  Ch,  Fbaim.  Ixxi.  !3)  obtaioed  fn 
Ijiia,  &om  64-2  to  SB'S  per  cent,  carbon,  from  9-1  to  10-£  percent,  bydrof 
to  2S'fi  per  cent  raJpEnu,  ita  eompoaitioQ  vaning  vitb  tile  tune  «lmp 
pr^oration.  Hlaaiweti  regards  it  u  ■  Tariable  miitore  of  the  t-wt 
CH*^'  and  C"H"S.  When  it  ia  treated  with  oxide  at  ailT«r,  ralpfa 
ia  foimed,  and  the  liquid,  if  afterwania  reetifled,  eontaini  6S-6  per  cent 
and  21-8  S.  On  agitating  it  with  ttrong  aolation  of  potaah  and  Ljdnte 
then  tecti^ing,  an  oil  ia  obtained  having  an  odour  ol^  lavender  or  roaenu 
tainin^  about  60-7  par  cent  C,  S-fi  N,  and  2e'8£  8.  An  oil  having  the 
aitioD  u  obt^ed  b;  paning  ialphDroiia  add  gaa  thnngh  the  cnde  oiL 

The  alcoholic  aoluboD  of  oil  (kT  aaafietida  forma  with  dichloiide  of  plat 
or  brawn  predpitataa  vaiying  in  compoaition,  acccndiDg  to  the  atrensth  of 
and  the  daration  of  the  actioo,  but  all  containing  the  aame  faoportioiiB  a 
hydrogen  aa  the  oil  itiwlt  viz.  C*H". 

On  mixing  concentnted  alcoholic  tohttioaa  of  oil  of  aaafixtida  and  dilt 
cury  a  white  precipitate  ia  formed,  which  ia  partly  diasolved  by  boiling 
tht  Bolution  on  cooling  yields  microaoopic  cryatala  ojntaining  (C"H"1 
2{C«Hii)'Cl'.H^Cl'.  The  portion  of  the  predpiUte  inaolnble  in  aJool 
whan  trenud  with  potaah.  a  pruof  lliat  it  conUi  Da  mercuroui  cbloride  :  i 
to  conuin  C»Hi'8'.HgS.2HeHn».2Hg^l'.  Both  thus  mareury-comp 
treated  with  Bulphocyansle  of  potaasiam,  jieLd  a  volatile  oil  amellinf 
muitard,  and  like  that  oil,  forming  a  cryitalmie  componnd  with  anmoiiia 
hewav«r  contain  allyt,  but  probably  the  bomologona  "t^jflt,  CFB.".  (J 
Hand.  d.  Cbem.2'*  Anfl.  ii.  331.) 


1,  C"H"0".— Thia  aobetance  ia  contained  ii 
aaambaeca  (Atanan  airopatim)  and  pasaea  over  in  the  (nyetalliDe  tbnn  i 
root  ia  diatilled  with  water.  The  crvatala  belong  to  the  monoclinic  or  c 
maticayateni,  aod  resemble  camphor  in  tute  and  odour.  Asarooe  meltaat  4 
to  boil  at  280°,  and  may  be  aobliniad  in  email  Quantity  between  two  w 
It  ia  inwilable  in  water,  bat  diaaolvEa  readily  m  alcohol,  etlier,  and  a 
When  it  is  boiled  for  some  time  with  alcohol,  the  lolQtion  gradually  ttimt 
.  portion  of  the  aaarone  ia  converted  into  an  UDdyatalliuble,  reainona,  iaomi 
tlon,  which  doM  not  distil  with  vapour  of  water,  and  decompoaea  at  800 
add  eonverta  uarone  into  oxalic  add.  It  is  dissolved  with  red  colour  by 
pharic  add,  and  repredpitated  by  water.  It  ia  strongly  attacked  by  eU 
off  hydrochloric  acid,  and  yielding  a  thick  oil  whoee  composition  approxi 
fonnnla  C"H"a'0'.  (Qoerti,  Pfaff'a  System  d  Materia Medica,  iv.  229 
and  Sell.  Ann.  Ch.  Phann.  vi.  29Si  Schmidt,  i^ii.  liii  IfiS.) 

ASABITK  A  camphor-like  aubstance  found,  together  with  aaarone,  i 
Atttritm  amp>itm,  and  reaambling  tbst  sabstance  in  many  mpecta,  but  d 
it  in  appearBDce,  in  not  decomposing  so  readily  when  sublimed,  but  chiefly  i: 
point  which  ia  70°  C.  whcreaa  that  of  asarone  is  ia°.  It  is  obtained  by  i 
alcohol  the  impure  crystals  of  laarone  aa  thej  are  obtained  by  distilling  ti 
water,  predpitating  by  alcohol,  and  collecting  the  small  silky  oyetala 
about  in  the  liquli  Ortiger,  who  obtained  tSe  substance  at  flrrt,  regar 
distinct  body,  but  was  afterwards  disposed  to  regard  it  as  identical  with  ■ 
difference  in  the  melting  point  is,  however,  too  great  to  be  accounted  lor 
obsetratian.  Blanchet  and  Sell  auppoae  it  to  ^  the  solid  part  of  (sn 
Bsarone  a  product  of  the  decompoaition  of  that  oil. 

ASAXTTlK-OX]b.  A  volatile  cQ  existing  in  small  quantity  (abont  -J, 
oi  AianoK  eunpaum,  and  paa-ina  over,  together  with  aaarone,  when  the  tw 
with  water.  It  may  be  separated  from  the  asarone  bj  treating  the  oily  pi 
distillate  with  a  small  quantity  of  alcohol  Two  Uyea  then  form,  the 
an  alcoholic  solution  of  asarone.  containing  a  little  of  the  oil ;  the  lower,  i 
email  qunntitiea  of  asarone  and  alcohol  in  the  oil.  On  distilling  this  bvei 
hydrate  of  limc^  and  leaving  the  diatiUate  to  stand  for  some  tine,  tht  m 
ralra  out,  and  the  remaining  oil  may  he  dehydrated  by  chloride  of  lal 
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nQ  is  jellowMh  and  viscid,  smells  like  yalerian  oil,  has  a  sharp  bnnung  taste,  is  lighter 
than  water,  sparinglj  solable  in  water,  bat  easily  soluble  in  iJoohol,  ether,  and  in  oils 
both  fkt  and  volatue.  Blanche  t  and  Sell  (Ann.  Ch.  Pharm.  tL  296)  deduce  from 
their  analysis  (74*4  C,  and  97  H)  the  formula  CH'O,  which  does  not  agree  Teiy 
well  with  it:  the  formula  C*H*K)',  is  more  in  accordance  with  the  analysis.  As,  how- 
ever, the.  oil  doubtless  still  contained  asarone,  it  is  useless  to  attempt  to  determine  its 
formola  exactly  till  further  experiments  are  made.  It  appears,  however,  to  contain 
more  carbon  and  hydrogen  than  asarone,  which  therefore  may  hare  been  formed  from 
it  by  oxidation. 


or  ASBS8TIF8*    (iff$§(rros,  indestructible.) — ^A  mineralogical  term 
\i»ed  rather  to  denote  a  peculiar  form  assumed  by  sereral  minerals,  than  to  designate 
any  particular  species.    It  is,  in  fact,  applied  to  several  rarieties  of  amphibolic  and 
augitic  minerals,  such  as  actinolite,  tremolite,  anthophyUite,  &c  which  occur  in  long 
capillary  cxTstals,  placed  side  by  side  in  a  parallel  position,  thus  producing  a  fibrous 
mass.     These  conditions  may  be  fulfilled  in  various  aegeees,  and  there  are  accordingly 
various  kinds  of  asbestos.    Those  varieties  whose  fibres  are  veiy  delicately  and  regu- 
larly arranged,  are  caJled  flexible  asbestos^  or  amianth  (a  Gbeek  term,  signifying  unpol' 
luUd) ;    the  individual  crystals    are  easily  separated  from  each    other,   are   very 
flexible  and  elastic,  and  have  a  white  or  greenish  colour,  with  a  fine  silky  lustre.     A 
single  fibre  of  this  mineral  fuses  readily  into  a  white  enamel ;  but  in  the  mass,  it  is 
capable  of  resisting  ordinary  fiame,  so  that  when  woven  it  produces  a  fire-proof  cloth. 
The  most  beautifdl  specimens  are  found  in  the  Tarantaise  in  Savoy,  and  in  Corsica, 
where  it  occurs  veir  abundantly.    It  is  also  found  near  Bar^  in  the  Pyrenees,  iu 
Dauphinv,  and  on  the  St  Gothard ;  at  St  Neveme  in  Cornwall ;  at  Portsoy  in  Scotland ; 
in  mica  slate  at  Glendg,  Inverness-shire ;  and  near  Durham.    Those  varieties  in  which 
the  crystals  are  coarser,  with  scarcely  any  fiexibility,  are  called  common  asbestos. 
There  are  also  three  other  varieties,  called  mountain  leather,  mountain  cork,  and 
miiuntain  wood,  which  differ  from  common  asbestos  by  the  fibres  interlacing  each 
other. 

Common  asbestos  occurs  in  masses  of  fibres  of  a  dull  greenish  colour,  and  of  a 
somewhat  pearly  lustre.  Fragments  splintery.  It  is  scarcely  fiexible,  and  much 
denser  than  amianthus.  It  is  slightly  unctuous  to  the  touch.  Specific  gravity  2*7. 
Fuses  with  difiicultv  into  a  greyish-black  scoria  It  is  more  abundant  than  amianthus, 
and  is  found  usually  in  serpentine,  as  at  Portsoy  in  the  Isle  of  Anglesea,  and  at  the 
Lizard  in  ComwalL  It  was  found  in  the  limestone  of  Glentilt,  by  "Dr.  MHOulloch,  in  a 
pasty  state,  but  soon  hardened  by  eiqposure  to  air. 

Mountain  Leather  consists,  not  of  parallel  fibres  like  the  preceding,  but  inter- 
woven and  interlaced  so  as  to  become  tough.  When  in  very  thin  pieces,  it  is  called 
9tuyuntttin  paver.  Its  colour  is  yellowish- white,  and  its  touch  meagre.  It  is  found  at 
Wanlockhead,  in  Lanarkshire.     Its  specific  gravity  is  uncertain. 

Mountain  Cork,  or  Elcuiic  Asbestos,  is,  like  the  preceding,  of  an  interlaced  fibrous 
texture ;  opaque ;  has  a  meagre  feel  and  appearance,  not  unlike  common  cork,  and 
like  that  substance  is  somewhat  elastic.  It  fioats  on  water.  Its  colours  are,  white,  grey, 
and  vellowish*brown.  It  takes  an  impression  from  the  nail ;  is  veir  tough ;  cracks  when 
handled,  and  melts  with  difficulty  before  the  blowpipe.  Specinc  gravity  from  0*68 
to  0-99. 

Mountain  Wood. — ^Ligniform  asbestos  is  usually  massive,  of  a  brown  colour,  and 
h(us  the  aspect  of  wood.  Internal  lustre  glimmering.  Soft,  sectile,  and  tough ;  opaque ; 
feels  meagre ;  melts  to  a  black  slag.  Specific  gravity  2*0.  It  is  found  in  the  Tyrol ; 
Dauphiny ;  and  in  Scotland,  at  Glentilt,  Portsoy,  and  Kildrumie. 

Toe  ancients  manufacture  cloth  out  of  the  fibres  of  fiexible  asbestos,  for  the  pur- 
pose, it  is  supposed,  of  wrapping  up  the  bodies  of  the  dead  when  exposed  on  the 
funeral  pile.  This  doth  has  also  been  made  in  modern  times,  the  chief  artifice 
seeming  to  consist  in  the  admixture  of  fiax  and  a  liberal  use  of  oil,  both  which 
substances  an  alterwards  consumed  by  exposing  the  cloth  for  a  certain  time  to  a 
red  heat  Gloves  are  made  of  it  for  holding  ]%d-hot  crucibles,  &c.  The  cloth  of 
asbestos,  when  soiled,  is  restored  to  its  primitive  whiteness  by  heating  in  the  fire. 
Ignition  impairs  the  fiexibility  of  asbestos  in  a  slight  degree. — U. 

See  Cobalt,  Eajxtht. 

A  nitrogenous  substance  contiined,  according  to  Braconnot  (Ann. 
Ch.  Phys.  [2]  xxxi.  37),  in  soot  (iir^oAi;).  It  is  extracted  by  boiling  the  soot  with 
water,  evaporating,  redissolving*  in  water,  adding  hydrochloric  acid  to  the  solution, 
washing  the  pitchy  precipitate  with  cold  water,  then  boiling  it  with  water,  filtering 
after  cooling,  evaporating  again,  and  treating  with  boilins  water  till  no  deposit  forms 
on  cooling.     The  liquid  then  yields  by  evaporation  a  kind  of  vumish,  partially  soluble 
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ill  slcobol ;  and  cm  tcMtJng  tbp  miduc  vith  ether  and  HVaponting,  uboIioereniuD 
the  form  of  ■  jellow,  TB17  acrid,  bitter,  volatdle  oil,  which  ia  lighter  than  wtMr,  in 
vith  flune,  and  vialdi  an  ammoaiacal  prodaet  hj  diatkUatioii.  Aibolin*  dinoHn 
nitric  acid,  yielding  picric  and  oxalic  acids.  Its  aQDeoaa  solution  ia  cotonied  derp 
b^  alkalis,  fcrma  ao  orange-coloured  precipitate  with  acetat«  of  lead,  redncea  nluat 
ulrer,  and  ti  predpitated  by  infmion  of  galli. 

ABOXXFZ&SZV.  A  bitter  emetic  principle,  contained  in  the  AteUpia*  n 
fonfum.  It  u  injktinble  in  water,  alcohol,  and  alcoholic  ether.  It  ^pciai*  no 
contAin  nitrogen.     (Fenelle,  J.  Phum.  [2]  zi.  66i.) 

AMCamnomM,  C»H"0'.— when  the  white  milky  juice  of  AKlrpiat  lyria 
heated,  the  albumin  eont&ined  in  it  eoagulatea.  and  on  treating  the  coa^iulum  1 
ether,  and  eraporatiiig.  aaclepione  ia  depoalted  in  finely  rediated  or  c&ali&ovcT- 
gronpa  of  cryitals.  Jt  ia  tastdeie,  inodorous,  quite  insoluble  in  water  and  alcohol, 
dissolTea  readily  in  ether,  leu  eoaQy  in  oil  of  turpestine,  naphtha  and  atmng  ac 
acid.  It  melta  at  1(M°  C,  and  then  remaina  amonihoai.  At  a  higher  teminauni 
decorapoaM,  ayina  oS  the  odour  of  burnt  caoutchouc.  It  ia  not  atta^ed  hf  tb 
boiling  potoah.     (Lilt,  Ann.  Ch.  Pharm.  Izix.  ISfi.) 

ASH  or  OBOJUno  aonxaa.  When  any  part  of  an  ornniaed  bo 
v^elable  or  nnimal,  ia  burnt  with  &ee  acceaa  of  air,  part  of  it  ia  teaolred  into  toIi 
compounda,  ehieSy  water,  carbonic  anhydride,  and  fne  nitrogen,  while  the  other,  j 
generally  tie  nnaller  portion,  is  left  as  incombustible  residue  or  aah.     This  re*i< 


Sulphur  (chiefly  aa  sulphuric  add) 
jiuigimjuai  Silicon  (as  silicic  acid) 

Hanganeee  Carbon  (aa  carbonic  acid,  and  oeca- 

Alnminiom  tionally  aa  t^acogcn). 

Zinc 

(Lead,  nickd,  oobalt,  tin)  1 

These  substancee  are  the  so-called  ioorgutie  or  mineral  conatitnenta  of  the  rt 
table  or  animal  structure ;  they  are  essentiBl  to  ita  existence,  and  are  associated  « 
the  organic  matter  in  certain  definite  forma,  not  necessarily  the  ssme  aa  thoae  vb 
they  assume  in  the  ash.  It  must  be  remembered,  howerer,  that  the  disticfl 
between  the  organic  and  inorganic  elements  of  on  organised  body  is  by  do  mr 
sbsolute :  for  the  carbon  and  oxygen,  which  are  nerer  absent  from  the  ash.  b*  li 
essentially  to  (he  organic  stmcturo  of  the  body.  Perhaps  the  beat  diatincttmi  betw 
the  organic  and  inorganic  constituents  of  a  plant  or  animal  body  is,  tbet  the  (bm 
viz.  the  carbon,  hydrogen,  oxygen,  and  nitrogen,  are  derived,  in  great  part  at  lei 
from  the  air,  whereas  the  Utter  ore  derived  exclusively  &om  the  soiL 

The  inorganic  conetitaents  above  enomerated  are  not  all  of  equal  importance  to 
eiiKtence  of  organised  alructures,  or  of  eonally  frequent  occorrence.  Potasaii 
sodium,  calcium,  magnesinm.  and  iron,  associated  with  pboaphoric  acid,  aalphuric  ■< 
carbonic  acid,  ailime  add,  and  chlorine,  are  almost  always  present,  in  greyer 
lesser  quantity,  in  the  ashes  of  organised  bodies,  whether  vegetsble  or  anim 
fluoride  of  calcium,  in  veiy  small  quanti^.  appear*  also  to  beanalmoet  invariable  c 
stituent;  and  manganese,  also  in  small  quantity,  is  of  frequent  ocdurenae  ;  tbe  ot 
elements  are  of  rare  or  doubtful  occurrence. 

The  mineral  constituents  of  plants  and  animals  vary  greatly  in  amount,  aa  well 
in  composition.  In  boat,  the  inorganic  matter  constitutes  fram  ^  to  J  of  the  eiil 
moss,  the  amonnt  in  individual  cases  depending  upon  the  aga  and  spedes  of  1 
animal;  in  the  higher  classes  of  saimals,  the  bone-aati  consists  mainly  of  phoii>hi 
of  calcium,  with  a  smaller  quantity  of  carbonate;  in  the  lower  eioases,  the  prop 
tiona  of  these  constituents  are  reversed.  Phosphate  of  calcium  occurs  bIiw  in  I 
ashes  of  the  albunuBoia  prmcipl'-i,  both  of  plants  and  animuls,  and  is  especially  atn 
dont  in  the  tetiU  of  c^eal  and  leguminoos  plants;  phosphate  of  magnesii 
in  abundant  in  the  ash  of  wheat-groin.  The  alkaline  chlorides  are  t> 
widely  difRised  throughout  the  bodies  of  plants  and  animals;  chloride  of  sodii 
is  invariably  present  in  the  fluids  of  the  animal  body  and  in  the  juicce  of  pUn 
Alkaline  carbonates  are  always  present  in  the  Uood,  and  appear  to  be  esMnt 
to  the  solution  of  the  Blbgrniooos  prindples.    Carbonate  of  pots 's  in  m  fumn  1 
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grp^t<>r  ptrt  oftccod-^uk.  Silica  is  icarcely  tret  abient  from  the  ashes  of  organiaed 
I'odieii.  The  aahea  of  eqiasftaeeotu  plants  contain  97  per  cent  of  tilica.  The  hard 
external  sheathing  of  the  stems  of  grasaet  consists  of  silicate  of  potassiom.  The 
•hieldfl  of  the  lowest  chisses  of  animaw,  infitaoria,  ^,  consist  mainly  of  silica,  which 
18  so  thickly  deposited  in  their  organs,  that  neither  decomposition  nor  incineration  can 
dtrstroy  their  form :  hence  it  is  that  deposits  of  inAuoria  are  so  often  discovered.  In 
the  tiaeues  and  juices  of  the  higher  classes  of  animals,  silica  oocors  only  as  an  ind- 
dental  constituent,  though  it  is  seldom  altogether  absent  According  to  Gorup- 
Besanes  (Ann.  Ch.  Pharm.  Ixvi.  342),  it  forms  an  integral  constituent  ot/tathers  and 
of  hair. 

Sulphur  occurs  to  the  amount  of  about  1  per  cent,  in  all  the  albuminoidal  sub- 
stances, and  is  converted  during  incineration  into  sulphuric  acid,  which  is  found  in 
the  ash  as  alkaline  sulphate,  sometimes  however  more  or  less  reduced  to  sulphide  by 
the  action  of  the  caiixm  at  a  hi^h  temperature.  The  juices  of  the  animal  boay  and  ot 
plants  also  oontata  small  quantities  of  alkaline  sulphates  and  sulphate  of  calcium. 

Iron  is  always  present  in  vegetable  and  animid  tissues  and  fluids,  and  is  found  in 
the  ash  as  sesquiozide,  either  free  or  as  basic  phosphate. 

Alumina  has  been  found  in  considerable  quantity  in  the  juice  of  plants  which  ex- 
hibit an  acid  reaction,  e.  g.  in  hycopodium  chammcyparissus^  L,  elavotutnt  and  L,  dett^ 
ticulatum  (Salm-Horstmar,  J.  pr.  Chem.  xL  302;  Aderholdt,  Ann,  Ch.  Phann. 
Ixxxii.  Ill;  Solma-Laubach,  iouL  c.  297).  In  most  other  plants,  alumina  is  alto- 
(rather  absent,  any  small  quantities  that  may  be  found  in  the  ash,  senerally  arising 
Irom  impurity  in  the  reagents,  especially  in  the  caustic  potash  or  soda,  or  from  want 
of  due  care  in  deansing  the  leaves,  roots,  or  other  parts  under  examination,  from 
adhering  partides  of  sou. 

Tlie  other  motais  above-mentioned  as  occasional  constituents  of  ashes,  occur  only 
in  very  small  quantity,  their  presence  being  mostly,  perhaps,  due  to  some  peculiarity 
in  the  nutrition  of  the  plant  or  animal  in  which  they  are  found.  A  peculiar  kind  of 
violet  ( Viola  ealaminaris)  with  yellow  flowers,  was  found  by  A.  Braun  (Pogg.  Ann. 
xcii.  176)  to  contain  sine,  which  metal  was  likewise  found  in  the  soil,  its  presence 
doubtless  determining  the  production  of  the  peculiar  variety  of  the  plant.  The  ash  of 
the  blue  blood  of  lAmulua  eydops  was  found  by  Genth  (Pogg.  Ann.  xcv.  60)  to  contain 
008  to  0*33  per  cent  of  oxide  of  copper.  The  occurrence  of  titanic  acid  in 
plant^ashes  is  mentioned  by  Stadeler  (Wohlet^s  prakt.  (Them.  Uebungen,  1853 

JK  173),  of  baryta  by  Scheele  Tin  1788),  and  more  recently  by  Eckard  (Ann.  Ch. 
'harm,  e,  294),  and  by  Forchnammer  (Pogg.  Ann.  xcv.  60;  Jahresber  f.  Chem. 
1859,  p.  987).  On  the  occurrence  of  copper  and  other  metals  in  plant-ashes,  see  also 
Jahresber.     1847—8,  p.  874;  1849,  p.  430;  1862,  p.  702;  1863,  p.  604. 

Ab  the  mineral  constituents  of  plants  are  all  derived  from  the  soil  and  vary  greatly 
both  in  amount  and  in  composition,  it  will  be  easily  understood  that  the  examina- 
tion of  plant-ashes  is  of  great  importance  with  reference  to  agriculture.  A  plant  will 
not  grow  on  soil  defldent  in  tne  mineral  substances  whi<£  it  requires ;  if  phoa- 
phonc  add  is  deficient  wheat  and  other  cereal  grasses  cannot  form  their  seed  in  its 
normal  amount;  if  there  is  a  defidency  of  silica,  the  straw  will  be  weak.  Some 
plants  require  abundance  of  alkali,  others  of  lime,  At,  The  examination  of  the  ash 
shows  what  pastieular  mineral  substances  the  plant  requires,  and  consequently  what 
substances  must  be  supplied  to  it  artificially  in  the  fozm  of  manure,  if  they  are  not 
already  contained  in  the  soil. 

We  now  proceed  to  describe  the  pveparation  and  analysis  of  ashes. 

Preparation  of  the  Ash. — The  substance  to  be  incinerated  must  in  the  first 
place  be  carefnlly  freed  from  extraneous  matter.  Herbs,  roots,  and  barks,  which  are 
especially  liable  to  be  contaminated  with  adhering  mould,  day,  or  sand,  must  first 
l>e  cleaned  from  the  grosser  impurities  by  scraping,  or  otherwise,  and  then  washed 
with  a  slightly  moistened  sponge  to  remove  the  fine  dust;  washing  with  large  quanti* 
ties  of  watar  is  objectionable,  as  it  may  remove  some  of  the  soluble  salts.  Seeds  are 
l>t«t  deaned  by  pouring  distilled  water  upon  them  in  a  glass  jar,  stixxing  for  a  Uttla 
while  with  a  rod,  and  uien  pouring  the  whole  on  a  coarse  sieve,  which  allows  the  fine 
dust  to  run  through,  but  retains  the  seeds.  After  repeating  this  treatment  two  or  three 
times,  the  seeds  may  be  further  deansed  by  rubbing  them  between  a  linen  doth. 
Animal  substances  are  less  liable  to  contamination  with  mechanical  impurities: 
their  incineration  is  often  facilitated  by  exhausting  them  with  water,  and  indnerat* 
tng  separately  the  aqueous  extract  and  the  residue.  Th*  quantitv  of  material 
incinerated  should  be  such  as  to  yield  from  4  to  6  grammes  of  ash.  Of  seeds,  roots,  bariu, 
and  leaves,  which  are  for  the  most  part  rich  in  mineral  constituents,  from  100  to  200 
casunes  oi  the  dried  substance  is  generally  sufficient ;  of  wood,  two  or  three  timis 
that  quantity  must  be  taken ;  ot  animal  substances  containing  a  huge  amount  d 
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u  ottea  matenAli;  nBecuia  b;  th«  muiner  m  vhiea  it  u  performed,  ilie  ehlanan  of 
patauiiun  and  Bodium,  though  fixed  at  eomparatiyely  low  degreeaof  beat,  Tolati]iKjir> 
«ptiblj»t  the  high  t«nip«ratun;»ometinieeiittftineddnrinB  the  incineration,  e*p«i»Ilj 
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««l«r,  it  ii  oft«D  neeessuy  to  inctneiate  a  mnch  larger  quantitj.  The  mLfUnec  diooU, 
prerioni  to  indnentiaD,  be  csreMly  dried  and  umewhat  eoiiimiaat«d;  seed*,  banrn; 
if  Dot  Tei;  large,  an  beet  incinerated  without  oomminutiDn. 

The  incineration  mnst  be  conducted  with  great  caie,  aa  the  conatitutian  of  the  wh 
is  oftea  material;  affected  b;  tli«  manner  in  which  it  is  performed.    The  ehlorvin  of 

^ .    ...  ^ dtmng  Ui  .       .  , 

ir;  this  is  still  farther  the  case  with  iodidea.    Moreorer,  bj  Ibe  jomt 

action  of  ailica  and  charcoal,  phoephatea  maj  be  decompoard  and  phoephorat  TcUti' 
lined ;  aol^hales  also  redaced  to  aulphidea,  or  anlpboric  uud  driven  o£  And  <rtrc 
when  no  »*mJ  loea  takea  place,  different  modes  of  incineration  may  gire  rise  to  mo- 
aiderable  differencea  in  the  oompoeition  of  the  tub.  Carbonatea  in  u  aah  geoecalij 
result  from  the  eombuation  of  uJts  of  organic  acids  eiiating  in  the  anbataBce  btm^ ; 
they  may,  howsTer,  be  introdoced  in  other  ways.  If  tribiaic  pboaphat«  of  aodinm  N 
ignited  in  preaenca  of  a  large  quantity  of  organic  matter,  sugar,  for  example^  tiH  iht 
organic  matter  ia  charred,  and  the  mass  be  then  lixiTiated  with  water,  »  solation  ut 
carbonate  of  aodinm  is  obtained,  and  the  reeidoe,  after  the  charcoal  has  been  obb- 
pletely  burned  away,  consisla  of  pjrDphospbate  of  lodiam,  the  carbonic  acid  prodaiwj 
by  t^e  combuation  i^-the  organic  matter  haTing  decomposed  the  trifawtc  pboepbal^ 
taken  away  I  at.  of  the  ba«e,  uid  conrerted  it  into  carbonate.  It,  on  the  aiha 
hand,  the  mass  be  at  oace  completely  incinerated  without  liziTiatioD  of  the  rtmnvl, 
Dothing  but  tribaaic  pboaphate  will  be  obtained.  In  all  casee  then,  in  wfaich  tin 
arrangement  of  the  mineral  constituentB  of  an  organised  Btructore  ia  to  tie  inf(n«d  frtaa 
the  composition  of  the  ash,  great  care  must  be  biken  to  guard  against  or  allow  tea  anf 
luch  moilifleationa  aa  that  just  noticed.  In  the  examination  u  plant-aahes  tx  sgn- 
eultund  pnrpoms,  such  questions  sm  indeed  of  minor  imparlance,  the  chief  object  d 
the  investigation  being  to  determine  Ibe  ultimate  coEutituests  of  the  aah ;  but  iu 
pbysiologieal  inquiries  t^e  actual  armngementof  [be  mineral  conotitnenta  in  the  liring 
itracturc  ia  often  a  point  of  great  importance. 

The  difficulty  of  incinerating  an  organic  snbatanre  Ja  graatl?  increased  Then  the  a»h 
is  easily  ftisibis,  the  decompoaitiona  just  considered  briog  then  moet  Ukelj  to  eomr. 
Leavea,  herbaceous  stems,  roots,  bark.  Sx.,  which  chiefly  contain  infusible  aaUa  of  tlie 
•Ikalina  earths,  are  ooii^iaratively  easy  to  bum;  bnt  seeds,  and  many  animal  sub- 
■tancea,  such  aa  dried  blood,  whidi  contain  large  quactitica  of  alkaline  aalta,  are  Tiiy 
troublesome,  snd  require  great  care  in  regulating  the  temperature. 

The  method  of  incineratioii  originally  practised.  e^Hicially  for  the  prepontioD  d 
plaut-aahes,  conaiated  in  bnmizig  the  dned  aubat&uce  in  a  Cornish  orHeaaian  cnuribls, 
laid  obliquely  in  the  flre,  and  kept  at  a  moderate  red  heal  The  carbon  then  bom 
away  with  greater  facility,  tba  looser  the  texture  of  the  durred  maas,  and  the  leas  ib 
position  and  form  are  altered  by  movement  and  stirrii^  The  otyectioos  to  thu 
metbod  are  that  it  often  givea  incorrect  results  regarding  the  amount  of  phosphoric 
add,  carbonic  acid,  aod  chlorine,  iuaamuch  aa  eblondea  are  decomposed  by  the  actiua 
of  acid  phoephatce  in  pKseoce  of  wal«r,  and  at  Terr  ''■S^  temperatures,  phosphorus  mic 
be  Tolatilised  by  the  action  of  charcoal  on  acid  pboaphates.  Eztraceoua  natten  uu; 
alao  be  introduced  into  the  aah  by  the  action  of  pboapbalea  in  a  state  of  fusion  on  tix 
crucible^ 

A  much  better  method  ia  that  recommended  by  Erdmann,  which  oooaista  in  in- 
cinersting  the  plant  or  animal  substance  in  a  mnffle  built  into  the  mouth  of  a  fur 
a  such  a  manner  that  the  heat  may  play  upon  it  chiefly  from  the  tc}i 
■■y  at  a  <Ufltai         "  "        "  '    ' 


The  incineration  goea  on  most  favoorably  a 
front  ^lerluie  of  the  muffla,  and  at  a  low  red  beet  not  visible  by  dayli^^t.  At 
this  tampetstiue,  Oere  ia  no  danger  either  of  the  ToIatilisatioD  of  chloridM  or  of  ihr 
fkisioa  of  phc^batea.  If  the  muffle  be  kept  loosely  closed  by  a  clay  stopper,  snffictinl 
air  will  enter  to  produce,  in  the  course  of  twelve  hours,  a  quantity  of  ash  free  fpiia 
cbarcoal  sufficient  for  an  analysis.  A  convenient  mode  of  proceeding  is  flnt  to  chu 
the  sabstance  in  a  platinum  or  porceUin  dish,  and  then  heat  the  charred  midoe  in 
the  muffle  in  the  manner  juat  described ;  the  charcoal  then  boms  away  with  slight 
incendeacenoe.    The  aah  may  afterwards  be  weighed  in  the  dish 

Messrs.  Lawea  and  Oilbert  use  cast-iron  moffles  IB  inches  long,  3}  inches  hi^h. 
and  B  inches  wide  at  the  bottom.  The  muffle,  which  has  a  flange  at  the  ton  pan. 
flta  exactly  into  an  orifice  in  a  castriron  fbmace  front ;  and  a  IJ  inch  pipe  prooeedine 
from  the  faitiuv  end  of  the  moffle,  passes  through  the  cast-iron  furnace  back,  ami 
seiTcs  to  cany  away  the  evt^ved  gasee.  The  muffle  rest*  on  a  brick  in  the  fOinBce.  lo 
Issssn  bottom  heat  and  thus  prevent  fusion,  the  taal  beine  heaped  up  at  the.  aides  inJ 
top,  ehiedy  the  latter.  The  enbatance  is  biimt  in  large  platinum  sheets  or  dislua.  >>> 
lattsr  10  inches  lone  4  to  A  inches  wide,  and  1}  inch  deep  By  this  arrani^aiDest.  ilit 
BOOMS  of  ash  from  the  lire  is  entirely  ^voided ;  the  ash  ia  bnml  by  aurface,  not  h} 
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bnttnni  heat ;  the  dranght  of  air  is  free ;  and  the  incineration  maj  be  accomplished  at 
a  very  low  temperature.* 

This  is  by  far  the  best  mode  of  incineration  yet  devised ;  nevertheless  it  is  occa- 
■ionallv  attended  with  slight  loss  of  sulphur,  phosphorus,  chlorine,  iodine,  &c  To  ob- 
viate these  losses,  it  has  been  proposed  to  mix  f'he  substance  to  be  incinerated  with  lime, 
baryta^  or  other  strong  bases  capable  of  retaining  the  acids.  Wackenroder  adds  for 
this  puipose,  acetate  or  carbonate  of  calcium,  or  quick  lime;  Strecker  proposes  to 
moisten  the  dried  and  charred  substance  with  such  a  quantity  of  baiyta- water,  that  the 
ash,  after  incineration,  may  contain  about  half  its  weight  of  baryta.  The  moistened 
charcoal  is  then  dried  and  burnt  in  the  muffle  at  as  low  a  temperature  as  possible.  To 
substances  which  produce  ashes  containing  much  carbonic  and  silicic  acios,  Way  and 
Ogston ,  add  for  the  same  purpose,  nitrate  of  barium;  Slater  adds  peroxide  of  barium . 
Verdeil,  nitrate  of  ammonium;  and  Will,  mercuric  oxide;  but  all  these  admixtures 
are  attended  with  peculiar  inconveniences,  which  stand  in  the  way  of  their  genera' 
application. 

H.  Rose  adds  a  weighed  quantity  of  carbonate  of  sodium,  chars  the  substance  in  a 
crucible,  and  bums  away  the  charcoal  by  directing  a  stream  of  oxygen  upon  it  throush 
an  aperture  in  the  lid.  This  method  effects  a  complete  and  rapid  combustion  of  the 
charcoal  but  the  high  temperature  produced  often  causes  the  ash  to  fuse,  and  then  the 
crucible  is  attacked.  Crucibles  of  stone-ware  (Stnn^ut)  withstand  the  action  better 
than  those  of  porcelain. 

[Forthemethodsof  Mitscherlich  and  Hlasiwetz,  peeHandw.d.  Chem*  2^  Aufl. 
ii.  352 ;  for  the  latter  also,  Ann.  Ch.  Pharm.  xcviL  244.] 

Analysis  of  the  Atk,  —  Of  the  various  methods  which  have  been  given  for  the 
analysis  of  ashes,  the  simplest  and  most  generally  applicable  is  that  of  Professor 
Will  (Handw.  d.  Chem.  2^  Aufl.  ii.  361 ;  Conington's  Handbook  of  Chemical  Analysis, 
p.  226).  The  ash  prepared  in  the  muffle  at  the  lowest  possible  temperature,  is  tritu- 
rated to  a  uniform  powder,  and  preserved  in  a  stoppered  bottle.  One  portion  of  it  is 
used  to  determine  t^e  carbonic  acid  by  one  of  the  methods  given  under  At.katjmetbt, 
p.  119.  A  second  is  treated  with  dilute  nitric  acid,  and  the  filtrate  is  used  for  deter- 
mining the  chlorine  by  precipitation  with  nitrate  of  silver ;  while  a  third  portion  (4  or  5 
grammes)  is  used  for  determining  the  silica  and  the  other  constituents.  For  this  last 
purpose,  the  ash  is  treated  with  hydrochloric  acid ;  the  silica  separated  by  complete 
evaporation  to  dryness,  and  digestion  of  tlie  residue  with  water  containing  hydro- 
chloric acid  (see  Siuca.);  and  the  quantity  of  the  filtrate,  together  with  the  washings,  is 
determined,  either  by  weight  or  by  measure. 

In  one  portion  of  this  filtrate,  of  known  weight  or  volume,  the  sulphuric  acid  is 
determined  by  precipitation  with  chloride  of  banum;  in  a  second,  the  lime,  magnesia, 
sesquioxide  of  iron  (alumina,  if  present),  and  the  phosphoric  acid;  in  a  third,  the 
alkalis. 

Lime^  Magnena^  Ferric  Oxide^  Phosphoric  Acid, — It,  as  in  the  ashes  of  seeds  and  of 
many  aninud  substances,  all  the  bases,  or  the  greater  part  of  them,  are  present  as 
phobphates,  the  liquid  is  first  supersaturated  with  ammonia  (or  mixed  with  acetate  of 
sodium),  then  with  acetic  acid,  and  the  undissolved  ferric  phosphate,  FeK)^cPK)^  is 
ooUcctod  and  weighed  (together  with  phosphate  of  aluminium,  if  present,  which  may 
afterwards  be  separated  by  potashV  The  lime  is  next  precipitated  by  oxalic  acid, 
then  part  of  the  phosphoric  acid  ana  all  the  magnesia  by  ammonia,  and  the  rest  of  the 
phosphoric  acid  by  a  magnesium-salt.  In  ashes  containing  a  smaller  proportion  of 
phosphoric  acid,  part  or  the  whole  of  the  magnesia  remains  in  solution  after  this  treat'- 
ment.  This  portion  is  determined  by  precipitation  with  phosphate  of  sodium,  or  (if 
the"  filtrate  is  to  be  afterwards  used  for  the  determination  of  the  alkalis)  with  phosphate 
of  ammonium.  If  maneanese  is  likewise  present  (as  a  manganous  salt),  the  ferric 
phosphate  is  first  precipitated  as  above ;  the  liquid  filtered  from  the  precipitate  is 
mixed  with  a  known  volume  of  a  standard  solution  of  ferric  chloride  made  as  neutral 
as  possible ;  the  whole  is  heated  to  boiling ;  the  precipitate  thoroughly  washed  with 
hot  water  and  dried ;  and  from  its  weight,  that  of  the  (anhydrous)  phosphoric  acid  is 
found  by  deductifig  the  weight  of  the  ferric  oxide  addc^t ;  to  this  quantity  of  phos 
phoric  acid,  must  be  added  that  which  w>(s  previously  determined  as  ferric  phosphate 
(and  phosphate  of  aluminum).  In  the  filtrate,  which  contains  manganese,  calcium, 
and  magnesium,  these  metals  are  determined  by  the  usual  methods,  the  manganese 
being  precipitated  as  peroxide  by  hypochlorite  of  sodium,  the  precipitate  collectea  after 
twenty-four  hours,  then  ignited  or  weighed  as  manganoso-mangamc  oxide  (MnH)'). 

Alkalis,— The  ash,  dissolved  in  hydrodiloric  aci<C  not  in  great  excess,  is  mixed  with 

*  For  the  atmve  dMcriptlon.  th«  Editor  It  Indebted  to  the  kindne«s  of  Dr.  Gilbert. 

t  Tbe  amount  of  phmphoric  acid  in  this  prpctpiute  might  be  determined  directlr  by^UtoUing  la 
bf  droehioric  acid,  adding  •uflicient  taruric  arid  to  prevent  precipiution  of  iron  and  atanlna  bj  allialia, 
tnen  adding  «ao«a  of  aniDionia,  acd  r^vclpltating  bv  a  magtiesiuin-aall. 
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isalle  ujd,  then  with  guwm  of  ■mmonia,  and  if  nuciraia  il  itiU  in  solnticb  iritb 
■iuwphate  of  ■jnmoniiun.*  Tfae  precipitate  it  wubrd  vith  unrooniacAl  mla;  )li> 
UtratP  ii  eraponited  a  littl?  to  expel  the  eicesc  of  unmoma,  and  mixed  vhik  nill 
lot  vith  oiwtate  of  lead ;  the  liquid  is  KgMn  fliteced,  uid  tie  eiMM  of  lead  nsun*d 
ij  ammonia  and  c&rbomitc  of  ^mmnniam ;  the  filtrate  from  thia  preci^tat«,  tugrtW 
rith  vuh-nlfT,  is  eTaporated.  with  addition  of  sal-ammoiiiae ;  and  Uie  anuDoaiial 
lalta  are  expeUi^  by  gentle  i^ition.  The  midae,  which  coal&ini  nothip^  battu 
hloridee  of  pota«eium  and  Bodiom.  is  then  weighed,  and  the  relatire  ^uantitiH  nf  IIw 
.wo  chlorides  are  determined,  either  by  precipitating  the  potaninm  with  dicUoridtof 
>Uitinuni,  or  determining  the  amount  of  chlorine  by  predpitation  witli  Ditiata  ^ 
lilver.     (9ee  Asaltsis.  Ihdisbct,  p.  220.) 

Enop  and  Arendt  (Chem.  Centralbt.  18S7,  169),  determine  the  pho^horie  acid  ii 
lahu*  l^  adding  uranie  aatate  to  the  solation,  addolated  vith  acetic  add  ■■  abort 


For  othn  methodi  of  aah-analyna,  see  Preteniaa  and  Will,  Aon.  Cb.  FhaRa,L 
)S3i  ErdmanD,  J.  pr.  Chem.  xxiTiiL  20;  H.  Boar,  Fogg.  Ann.  Ixxx.  M.  aid 
BCandb.  d.  AnalTl  Chem.  ii.  766;  Hitachertich,  J^>f.  Chem.  xxxi.  231 ;  Wartea- 
roder,  Arch.  PharmJ2]  liii.  1 ;  Stiideler,  Prakt.  Uebnngsn  in  der  Cfaem.  AoiL  ns 
PTobler,  18fi3.  173  ;  Wittstein,  Fhaxm.  Centr>lbL  18GS,  TBI.  AIki  for  a  dnci^iti« 
)f  all  theie  methodi,  Handw.  d.  Chem.  2"  Anfl.  ii.  3 J3. 

For  the  compoeition  of  the  aah  of  individual  planta,  see  the  Dame*  of  iLe  pliati  ia 
Ilia  dictioBarj.  Extenalve  tables  of  the  oompoaition  of  plaat-aahw  are  given  in  tin 
Int  five  Tolnmee  of  Liehi?  and  Kopp'a  JoMrrtberichl  JUr  Chemit,  1847  to  1U2.  Tit 
lew  edition  of  Ure'a  Dictvnum/  of  Art*,  JioKafaatimt,  and  Mma  (i.  212),  alio  on- 
laiiii  a  table  ahoving  the  aTenge  compoaition  of  the  aah  of  aomr  ik  U>n  moat  naeftl 
igricaltoTBl  planta. 

^MM,  VOXAAWtO.  Thia  name  ii  applied  to  the  pnlTernlent  portioo  of  tba 
natter  thrown  ont  by  Tolcanoo.  The  aah  emitted  by  diligent  Tolcano^  liy  the  nai 
roleaoo  at  different  times,  and  even  at  diSercnt  atagca  of  the  aame  eruption,  exhibis 
mat  differencM  of  atnicture  and  compositioD.  It  ii  aometimea  dark-coloiuvd  er  e*(s 
slack,  and  compoaed  of  earthy  or  aoft  partielea,  tometimea  grey  or  white,  and  fls^ 
lirided.  In  the  eruption  of  Veanrina,  a-D.  79,  which  overwhelmed  Pompdi  aii 
"  ilanenm,  the  aah  waa  ao  fine  and  diy  that  it  took  exact  caats  of  objecta  buried 
It  ia  thia  finely  divided  matter  (o  which  the  term  aah  ta  eepedaltj  applif^ 
me  coaraer  varieti™  being  ganendly  denominated  volcanic  Band;  it  aomatinHa 
riaea  to  considerable  heighta.  and  is  then  carried  by  the  wind  to  great  diatanoea.  It 
Lbe  eruption  of  Coeeguins.  ou  the  Bay  of  Conchagua,  in  Onatemala  (1835),aomaDtlU 
uh  fell  at  KingaloQ  in  Jamaica,  at  a  distance  of  700  miln. 

Volcanic  aah,  when  examined  bj  the  microacope,  appein  to  be  eompoeed  ef  fw. 
Dienta  of  lava,  tlag,  mica,  felipar,  magnetic  iron  oie,  an^te,  pnmie«^  oUviiie,  IK.  11 
la  therefore  ■  me<£aDical  mixture  of  minerals  and  locki  abnded  by  tritonition  agiiot 
---'■    -"--     '-   "^-  --"^   "  .  .     ^  J  (^g  32„j  ^  October  1B23, 

0,  20-88  iron  pyritea,  2'9  Vat, 
;iper,  sulphate  of  unmonio^ 
eliloridea,andBu^hur.  In  the  aah  emitted  from  the  crater  of  the  Soofritre  in  Onida- 
loupe,  in  1797,  Dnfr^noy  (Ann.  Ch.  Fhjs.  [Z]  kvii.  261)  fmud  2  per  cent,  of  dti^ 
polaih,  and  rnaraa,  8-81  water,  32-61  pis.  of  matter  attacked  by  acida  (vhidi  bi 
regarded  aa  Ubrador),  and  6623  pta.  oot  attacked  by  acida  (regarded  aa  ^aisjH- 
■par).  In  the  ash  thrown  ont  by  the  aaine  crater  in  the  year  1B3S,  DufMnoy  finad 
J0-S8  pta.  of  matter  insoluble  in  adda,  33-72  pis.  soluble  in  add^  0-93  water  aud 
)-S2  sulphur  (loss  l'8£  per  cent.) 

The  following  table  containa  the  reaulta  of  a  few  more  recent  analjaea :  d,  ^i-  *'k 
'mm  the  above-mentioned  eruption ofCoeeguiiia  (Dafrinoy  and  £Ue  de  Beannioit, 
Inn.  Ch.  Fhyg.  [2]  liviii  2S6) ;  this  ash  contained  18  pta.  of  matter  decompouble 
yj  hydrochloric  add  [a),  and  82  pta.  nnattaeked  by  tOkt  acid  [b).  c.  Ash  frne 
Junnung-QurtUT,  in  Java;  ernption  of  January  ith,  1843  (Mayer,  LeoDhaid  and 
Bronn'a  Jahrb.  d.  Miner  1853,  463).  d.  Ash  from  the  ume  volcano;  eruption  of 
'fovember  26th,  1S43.  Of  this  ash,  water  dissolved  0'3  per  ceaL  consisting  of  lint 
tnd  magnesia-salta  (Sehweitier,  J.  pr.  Chem.  Ixv.  194).  t.  So-oUled  fcrrit  udm 
md/,  ao-ealled /mwu  ashes  from  Etna  (Sartorius  von  Walterabausen,  "Vil- 

KBiahe  AMtinnA*'  Ontl-innAn     IfUPt     \1'i\        n      Afek  frt^m  ttiA  Af^ptiijQ  of  Hecls  io  IHf 
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a 

b 

e 

d 

e 

/ 

ff 

Silicii      •        • 

.    617 

64-3 

34-2 

61-6 

48-7 

61-3 

56-9 

Altuninm  ^ 

.    15-2 

2M 

87-5 

21-9 

17-9 

18-4 

14-2 

Feniccudda    • 

•    180 

— 

18-2 

— . 

12-7 

.1. 

__ 

Femnis  oxide 

,     — . 

... 

6-7 

10-8 

— . 

11-7 

13-9 

liime 

•     11*1 

1-4 

0-7 

9-3 

6-6 

7-6 

6-2 

HagnesU 

,      — 

0-7 

— 

3*3 

2-6 

4-3 

40 

Soda 

.      6-2 

9-6 

^— 

2-9 

4-6 

4-6 

2-3 

Potash    . 

,     — 

-. 

/ 

0-6 

2-0 

1-6 

2-6 

Water  and  lo«i 

.      2-8 

3-4 

10 

0-6 

6-6 

0-6 

... 

Hatter  solable  in  water 

— 

— 

1-7 

0-3 

— 

2-7 

— 

100-0 

100^ 

1000 

101-2 

101-4 

102-6 

1001 

C«H«NK)',  or  O^N*0^.  Mthdne,  Jsparamide.  (Gm.  x. 
S39.)— Thij  snbetance  was  diacoTered  in  1805  by  Yanqnelin  and  Bobiqnet  (Ann. 
Chim.  Irii.  88).  It  eziats  ready  formed  in  many  plants,  Tix.  in  common  asparagna 
(^Agparoffus  offi€inalis\  in  the  manh-mallow  (Alikaaa  off,\  in  oomfrey  {Symphytum 
effi),  in  potatoes  in  chestnuts,  in  the  leaves  of  the  deadly  nightshade  (Atropa  Jsella- 
donna\  in  liqnorice-root)  in  the  root  of  Robinia  pseudacacia,  in  ConvaUarid  mqfaUs, 
and  C  multi/hrOj  in  the  milky  juice  of  the  lettuce,  in  the  tubers  of  the  dahlia,  and 
in  the  young  shoots  of  vetches,  peas,  beans,  and  several  other  leguminous  plants  grown 
in  the  dark.  According  to  Piria  (Ann.  Ch.  Phjs.  [3]  zxiL  160),  the  young  shoots  oi 
these  plants,  when  formed  in  the  light,  contain  just  as  much  asparagine  as  when  they 
«K  giown  in  the  dark ;  but  the  asparagine  disappears  as  the  plant  airives  at  the  flower- 
ing stage.  On  the  other  hand,  Dessaignes  and  Chautard  (J.  Pharm.  [3]  xiii. 
246),  and  likewise  Pasteur  (Ann.  Ch.  Phys.  [3],  Izxxi.  70),  find  that  vetches  growing 
in  light  are  firee  from  asj^aragine. 

Prtparatitm, — ^The  juice  obtained  from  the  young  shoots  of  asparagus^  filtered  and 
evaporated  to  a  syrup,  deposits  after  standing  for  some  days,  crystaLi  of  asparagine, 
which  may  be  purified  by  recrystallisation  from  water.  As  the  mucus  of  Uie  plant 
impedes  the  aystallisation,  it  is  best  to  leave  the  shoots  to  ferment  for  a  few  days  in 
a  warm  place,  and  then  bruise  and  press  them,  with  addition  of  water ;  bv  this  treat- 
ment the  mucus  is  decomposed,  in  a  similar  manner,  asparasine  may  be  obtained 
from  marsh-mallow  roots,  and  from  the  young  shoots  of  vet<£es,  &c  ^wn  in  the 
dark.  To  obtain  asparagine  from  liquorice-root,  the  root  is  cut  into  pieces  and  ex- 
hausted with  water;  the  liquid  boiled  to  precipitate  the  albumin,  then  mixed  with 
acetic  add  to  separate  the  glycyrrhizin  contained  in  the  root,  and  afterwards  with 
acetate  of  lead,  which  throws  down  phosphate  and  malate  of  lead,  together  with  brown 
eolouring;  matter;  and  the  excess  of  lead  is  removed  by  siilphydric  acid.  The 
filtered  uquid  evaporated  to  a  small  bulk,  deposits  crystals  of  asparagine  after  a  few 
days. 

Asparagine  fbrms  hard  brittle  crystals,  OH'NK)*.HK),  belouging  to  the  trimetrie 

system.  The  ordinary  form  is  a  right  rhombic  prism,  ooP  .  oP  .  ml*  oo  .  oo  P  od,  with 
the  hemihedral  &ces    j.    Inclination  of  the  &oes,  ooP  :  ooP  i-  129<^  37';  ^ :  oP  -> 

116^-67';  ml*  00  :  oP  -  120O  46'.  Soecific  gravity  1*619  at  14^^  C.  The  crystalB  are 
inodorous,  have  but  a  slight  taste,  and  are  permanent  in  the  air.  They  give  off  water 
of  crystallisation  at  100^  C.  They  dissolve  in  11  pts.  of  cold,  and  4*44  pts.  of  boiling 
water ;  the  solution  has  a  slight  acid  reaction.  Asparagine  dissolves  also  in  adds  and 
in  alkalis.  It  is  insoluble  in  cold  absolute  alcohol,  and  nearly  insoluble  in  that  liquid 
at  higher  temperatures ;  insoluble  also  in  ether  and  in  oils,  whether  fat  or  volatile. 

Asparasine  dissolved  in  water  and  in  alkalis,  defieets  the  plane  of  polarisation  of  e 
ray  of  light  to  the  left ;  but  when  dissolved  in  adds,  it  defieets  the  plane  of  polarisa* 
tion  to  the  right.  The  sped^c  rotatory  power  of  an  add  solution  is  +  36^,  and  of  an 
ammoniacal  solution,  ~  11^  18'. 

Asparagine  heated  with  strong  adds  or  slkalis,  Ib  resolved  into  aspartic  add  and 
ammonia : 

C*H"N»0»  +  HK)  «  C*H'NO*  +  NH». 

The  crystals  subjected  to  dry  distillation  also  give  off  ammonia,  and  leave  aspartic  add. 
Asparagine  dissolved  in  cold  nitric  add,  yields  aspartic  add  and  nitrate  of  ammonium, 
but  when  subjected  to  the  action  of  nitrous  acid,  as  when  nitric  onde  ^  is  passed 
through  a  solution  of  asparagine  in  pure  and  moderately  strong  nitric  acid,  it  is  isom 
TastacT into  malic  acid,  with  evolution  of  nitrogen : 

C*H«NW  +  NW  -  C«H«0»  +  N*  4-  EH) 
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4S2  ASPAEAGINE— ASPARTIC  ACID. 

The  solutiim  of  pun  aq)axagini-ci7s(«]i  m>j  li«  kept  uiultered ;  bat  if  the  ajKtiia 
are  eolonrad,  their  Bolation  simii  pawes  into  s  ilate  erf'  fennentktimi,  and  the  wlteir  «f 
the'sapsragiiie  ii  eoDverted  into  mednate  of  ammooiain  ; 

C'E'N'O*  +  HK)  +  H"  -  O^'CNH'j^O". 
Tlie  hjdiogni  ia  denT«d  from  th«  frnnentiBg  matter.  A  aolntion  of  jmrt^jjmi* 
•spatagine  cipcriencM  the  aame  change  when  mixed  with  a  aiiial]  qiuati^  of  tha 
joice  ezpreswd  from  the  jonng  ahoota  of  vetchea  (Piria).  Aipanuina  fennoita  alee 
onder  the  infioence  of  casein,  and  ii  coDverted  flnt  into  aqiartBta  of  ammDnium.  after- 
warda  into  aacdnate.  

Aaparanoe  forma  deSnite  oomponiida  with  adda.  The  hgdrBcUonUt,  CBnt^O'-HO. 
ia  obtainM  in  large  oyatali  either  bj  diaaolTing  1  aL  aaparagine  in  I  at.  hydroeblorio 
acid,  erapOfatiDg  at  a  gentle  heat,  and  adding  ^C(^ol ;  or  b;  pasBiBg  dij  hjdrochlonc 
•eid  gaa  OTer  finely  pouiided  dj-rtaia  of  atpangiiie,  expoaiiig  the  iwolting  eonpoBBd 
to  the  ait  till  it  no  longer  gives  (^  acid  Tapoora,  then  diaaolTing  in  hot  vattx,  aad 
learing  the  eoliitian  to  cool. 

Aaparagine  also  forma  sella  in  which  1  at  of  ita  byilrc«en  ia  replaced  bj  a  metal; 
thna  the  oDppcr-joIf  ia  (C*H'N<0*)'CiL  Theae  aalla  are  obtained  bjmiiinga  aolutton 
Bf  aaparagiue  with  the  correspOiHling  oxidea.  Aajma^De  alao  onitea  with  chloride  uf 
mercury  and  nitrate  ol  ailTer. 

Aspengine  has  the  aame  cOTPpoailion  aamalamide.  II*(H*.CB*0*),  andit8eMiTefii>^ 
ioto  malic  acid  bj  the  action  of  nitroni  acid,  lomeeta  the  idea  that  it  may  be  tvall^ 
the  amide  of  that  acid.  According  to  Demondeair,  bowerer  (Compt.  rrad.  zxziii. 
327),  and  Paateur  {Ann.  Ch.  Phja.  [!}  nxviii.  487)  the  amide  c4>taiDed  by  the 
action  of  ammonia  on  nuUic  ether,  difibn  &om  aspangine  in  ojatalliBe  fc«TD  ud  ia 
other  propertiee. 

A BV AXAAO&KTBi  An  old  name  of  the  variety  of  apatite  w^iieh  haa  tha  gnea 
colour  oC  upaiagna. 


.TS^ 


A**&&&Om  '*"*""»«w.iw      Xhe  aihee  of  wild  and  niltin 
and  of  the  young  heads  of  the  coltirated  plant,  have  been  analysed  by  T. 
path  (Chem.  Soc  Qo.  J.  iL  9).     lOO  parte  of  the  freah  wild  plant  jidded  2-tS  pU.  of 
aah :  100  pta.  cf  aame  dried,  6-07  par  cent.  aah.    The  cultivated  plant  yielded  In  the 
fresh  stat«  I'AS,  and  in  the  diy  state  6-QT  per  cent  aah.    The  yonng  head*  tn  a  st 

fit  for  the  table  gare  0-81  per  cent  and  11-24  per  cent  ash.     '™"" '" "" 

the  aeveral  aahes  are  aa  folloWa : — 


trace  2-101 

lS-81  3274; 

273  —  I 


Soluble  in  water: 
i  ^  I  Carbonic  acid 
^IjSnlphuricaeid 

<-e  (phoepboric  add 
Fotaah    . 
Soda       . 

Chloride  of  aodinm  .        .  20'fil 

Chloride  of  polamoni      ,        .     — 
Ineoloble: 

Carbonate  of  ealdnm      .        .21-43 
CuboQBte  of  megneainm  2-S2 

Basic  c-phospbate  of  caJdom    .  21-BT 
Banc  ferric  e-phoepbatc  .  1-TO 

SUica 0'B6 

Nulpbate  of  caldnm  .    trace 

Baait;  phosphate  of  magneaiani    trace 

«9'94 


ASVAKAIUOB.    Sytu  with  Asrut^on. 
ASVAlUUCXO  AOIS.    Syn.  with  AspiBnc  Acn>. 


14-27  4-01 


52-03 
lOM 


22-23 


>.  C<H'lJO'.or(?ff'J*rO'.  (Plisioii,Ann.Ch.H.jmiT.lTlL 
sL  303.— Pliaaon  ondO.  Hanry.tiiii.  iIt.  31S_Bontron-ChautardandPeloni*, 

ibid.  lii.  90.— Liebig,  Pogg.  naL  232,  Ann.  Ch.  Pharm.  wri.  138,  161 Piria. 

Ann.  Ch.  Phjs.  [3]  uu.  160.— Deasaignea,  Compt  rend  m.  32(1;  xikL  842; 
Aan.  Ch.  Pharm.  Ixixiii.  83.— Past  ear,  Ann.  Ch.  Phya.  [3]'«jDdT.  30;  Ann.  Ch. 


ASPARTIC  ACID. 


42a 


Pharm.  IzxziL  324. — Qm.  z.  230 ;  Gerh.  i.  812.) — This  acid,  which  is  isomeric,  if  not 
identical  with  maUmic  acid,  ^ )  h  *  ^  obtained  either  by  the  decomposi- 

tion of  aspangine,  chiefly  under  the  influence  of  acids  or  alkalis,  or  by  the  action  of 
heat  on  the  acid  malate,  maleate,  or  ftimarate  of  ammonium.  The  acios  obtained  by 
these  two  processes  are  identical  in  composition,  bat  differ  in  their  relations  to  pola- 
rised lighty  the  former  being  optically  active,  the  latter  inactive. 

To  prepare  active  aspartic  acid^  asparagine  is  boiled :  1.  With  water  and  oxide 
of  lead,  as  long  as  ammonia  continues  to  escape,  the  water  being  replaced  as  it 
evaporates :  the  resulting  aspartate  of  lead,  after  being  purified  by  boiling  witii 
Water  and  alcohol,  is  decomposed  by  sulphydric  acid,  and  the  filtered  solution  is 
evaporated  till  it  crystallises  (Plisson).— 2.  Witii  baryta-water,  the  asjuirtate  of 
banum  being  decomposed  by  sulphuric  acid  (Boutron  and  PelouzeV — 3.  With  ^tash, 
the  liquid  being  afterwards  evaporated  to  diryness  with  excess  of  hyorocfaloric  amd,  and 
the  chloride  of  potassium  dissolved  out  by  water,  which  leaves  the  aspartic  add  undis- 
solved and  perfectly  free  from  potash  (Lie big). — 4.  With  hydrochloric  aicid,  for  three 
hoTin,  the  solution  being  then  evaporated  to  dryness,  and  the  residual  chloride  of 
ammonium  and  hydochlorate  of  aspartic  acid  dissolved  in  a  small  quantity  of  water 
and  half  neutzalised  with  ammonia ;  the  liquid  on  cooling  deposits  a  considerable 
quantity  of  aspartic  add.    (Dessaignes.) 

Active  aspartie  add  crystallises  in  very  small  thin,  shining,  rectangular  plates,  trun- 
cated at  the  angles;  they  belong  to  the  trimetric  system.  Specific  gravity  1*6613 
at  12'6^  C.  It  is  much  less  soluble  in  water  than  asparagine,  1  pt.  of  it  re- 
quiring 364  pta.  of  cold  water  to  dissolve  it.  In  boiling  water  it  dissolves  more 
readily,  but  is  nearly  insoluble  in  alcohoL  It  dissolves  readily  in  alkalis,  and  the 
solutions  turn  the  plane  of  polarisation  of  a  luminous  ray  to  the  left.  •  It  is  also  easily 
soluble  in  the  stronger  adds,  and  the  solutions  thus  formed  turn  the  plane  of  polan- 
aation  to  the  right  The  specific  rotatory  power  of  the  solution  in  hydrochloric  add 
is  -f-  27®  86'.    (Pasteur.) 

Inactive  Aspartic  Acid  is  obtained  by  heating  add  malate  of  ammonium  to 
200®  C;  boiling  tne  residue  for  some  hours  with  hydrochloric  add ;  dissolving  tiie  hydro- 
chlorate  of  aspartic  add,  which  crystallises  from  the  Kquid  on  cooling,  in  hot  water,  and 
half  saturating  the  solution  with  ammonia.  Inactive  aspartic  add  then  separates  in 
small  crystals,  belonging  to  the  monodinic  system.  Ordinary  combination  ooP .  o  P. 
[P  od].  Inclination  of  the  faces,  odP  :  ooP  in  the  plane  of  the  oblique  diagonal  and 
the  prindpal  axis  -  128®  28' ;  oP :  ooP  «  91®  30';  [Poo  ] :  oP  «  131®  26'.  The  crystals 
are  grouped  in  stars,  and  sometimes  take  a  lenticular  form.  Specific  gravity  1*6632  at 
12'  5®  C  The  inactive  add  is  more  soluble  in  water  than  the  active  add,  1  part  of  it 
dissolving  in  208  pts.  of  water  at  13*6®  C.  It  <Ussolves  very  easily  in  hydrochloric 
and  in  nitric  add.  The  solutions  have  no  action  on  polarised  light.  (Dessaignes, 
Pasteur.) 

Aspartic  add  is  decomposed  hj  heat,  giving  off  ammonia  and  a  faint  empyreumatic 
odour,  like  that  evolved  in  the  <][e8tructive  distillation  of  animal  substances.  It  is  not 
acted  upon  by  boiUne  with  hydrochloric  add  or  with  dilute  sulphuric  add,  but  when 
heated  with  strong  siuphuric  acid,  it  decomposes,  and  sulphurous  add  is  given  off  It  is 
not  decomposed  by  pure  nitric  add,  but  ii  nitrous  add  is  also  present,  as  when  nitric 
oxide  gas  is  passed  tnrou^h  a  solution  of  aspartic  add  or  nitric  add,  the  aspartic  add 
is  converted  into  malic  aad,  with  evolution  of  nitrogen  gas : 

2C*H'N0*  +  NK)«  «  2C<HK)»  +  N*  +  H«0 


Atp«rtic 
acid. 


Malic 
acid. 


Compounds  of  Aspartic  Acid  foith  Aeids.^-Boih.  the  active  and  inactive  varieties  of 
aspartic  acid  dissolve  in  the  stronger  adds,  forming  definite  compounds,  which  by 
evaporation  over  the  water-bath,  or  better  by  spontsneous  evaporation,  are  obtained  in 
crystals.  The  compounds  are  active  or  inactive  to  polarised  light,  according  as  they 
are  obtained  from  tne  active  or  inactive  add. 

The  active  hydrochlorate,  (^N'N0\C1H,  forms  crystals  belonging  to  the  trimetric 
system;  they  are  prisms  with  angles  of  about  90®,  very  much  truncated  on  two 
opposite  lateral  edges,  and  terminated  by  faces  inclined  at  an  axigle  of  about  116®,  and 
belonging  to  an  irregular  tetrahedron.  The  crystals  deliquesce  in  the  •air,  the  aspartic 
acid  being  set  free.  They  are  decomposed  by  solution  in  water,  but  the  addition  of  a 
few  drops  of  hydrochloric  add  prevents  the  decomposition.  Spedfic  rotatory  power 
of  the  solutfon  +  24*4®.  The  crystals  are  decomposed  by  heat,  giving  off  water  and 
hydrochloric  add,  and  leaving  ftnnarimide.  The  crystals  of  the  inactive  hydroehlo- 
rate  belong  to  tite  monoclinic  system,  and  differ  altogether  in  appearance  ttam  those 
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424  ASPARTIC  ACID. 

of  the  idiTe  oomponnd.  Ordinaiy  comTuDation  eeP.siPoa.  — P.oF.  -•  mJ 
IpclitiBtion  of  tha  Ahtss  aP  :  oiPn  -  119°4fi';  sPoe:  »  P  o  1230.  Tlwd? 
■rr  ne&rlj  oiulMrable  in  the  air,  onl;  ja  Boniiniir  losing  their  luitre  sod  tzmnapan 
uid  becoming  milk-white  on  the  anrfice.  They  deeompoM  when  dinidreal  iB  « 
but  the  inictiTe  >cid  being  more  eolnble  tliau  the  active  add.  is  not  nWBpitktAd 
howcTer.  alrohol  be  addedl  tu  abamlaiit  preeipiution  takn  place.  Tb«  uwctiTi 
dn>ehlar>l«  i*  decompon^  by  heat  lika  the  artiye  salt. 

The  lulphttle,  C'H'NO'.aO'H',  is  obtained  by  gi»do»lly  ndding  aipMiic  uid  toil 
mlphnric  icid  beatpd  to  SD°  or  60°  C.  in  a  wide  gkea  tube,  and  Wying  the  tabc  a 
tor  a  few  days ;  it  then  H[«Tstea  in  large  agglomerated  prianu,  wbicli  aid  liditcr 
the  mother-hquor  (Deeaaignee).  The  nitrala  i>  obtwoed,  like  ttie  hTdTodolcral 
beautiful  o^Btak. 

AiFurriTU. — Aiipaitie  acid  ie  monobasic,  the  fonnnln  of  jta  DOrttMl  Mite  I 
CH«MNO*  and  (7Hi'M'N'0'.  It  Ukewiee  form,  boaic  wata,  tlie  oompoaitioii  of  w 
i(  not  Teiy  dearl;  made  out.  The  aapnrlales  of  the  alkali -melala  areanloble,  audi 
like  tonth.  TheactJTe  and  inactiTe  aspaitatee  BgR«incompi)Mtioii,aiidiD  moatof  I 
propeitie*,  differing  only  in  aolabilitj,  eryatalline  form,  and  relation  to  polsriead  1: 

llie  ammeuium  Kadpolattiim  buIU  are  rerj  eolBble  and  diSeult  to  erTaCklltiK 

The  todiun-iaiU,  C*H*NbNO'.H*0.  nre  uhUinHl  bj  neaUalinng  the  acid  - 
ouutio  aoda  or  ita  carbonate,  and  lenying  the  aolntionfl  to  evapoimte  aLnrij ;  i 
are  perfeetlj  nentxaL  The  aciive  rait  dyetallisM  in  priwmtic  needles  bekii^i^ 
the  right  priamatie  rrat*^,  and  teiminated  by  fkcea  or  a  tetrahedron  indiiked  la 
''  ir  at  about  106°.     The  four  fiieea  of  this  tetrahedron  am  either  prMeat  alwM 

'       ■        '  -'        "  *  "  e  oppoeite  t. *     _ 

,  *  a  rhombic  pyramid  ;   I  p<vt  of  tiiia 

diawlTei  in  1-12  pt&  of  water  at  12'3  C.  The  nieciflc  iT>Utoi7  power  of  the  aoln 
ie-3°23'.  Theaalt  giTsioffitavaterofciyetaUiaatioDat  ieO°C^  tanu  yellow 
gives  off  anunonia  at  170°,  and  &Dth8  up  connidemlily  at  higher  tempcratiuta. 
inactive  todium-tail  cryitallisee  in  tJie  monodinie  syatem,  the  urdiiuu?  comb 
tion  beiiw  a.  P .  o.  P  a> .  oP  .  +  P.  Inclination  of  the  faCee,  oP  ;  a.  P  w.  -  1*4^ 
a>P  :  iBp,  in  the  plane  and  of  the  oblique  diagoDul  and  priudpkl  azie  —  Sl° 
+  P  :  *  P  -  112°  £3'.  The  salt  often  fonos  twin-er>Ktals.  with  the  bea  of  ji 
tion  ibPcd.     One  pt.  of  the  salt  dissalTea  in  M9  ptiL  of  water  at  l^-S"  C. 

Sarmal  harivm-M/l.  l.*H"Ba"N'0'.4H'0.— The  nctirsialt  ciyaUUiM*  in  wralei 
silkj  needles  soluble  In  water,  and  ginng  off  Hi  per  cent,  water  at  120<>  C.  (I 
saignes).  The  iimctivi  nornud  lalt  forms  an  uncrystatlisable  gtuninr  maaa  (Wol 
The  baiic  barium-salt  is  obtained  by  gnulually  adding  hjdrate  of  banom  to  a  bot 
rather  strong  solution  of  the  normal  salL  The  liquid  solidifies  on  cooling  in  a  eryi 
line  mass,  but  by  rec^itallisation  &om  boiling  water  in  a  Teasel  protected  tnna 
earbonie  acid  of  the  air,  this  salt  msy  be  obtained  in  rsther  Urge  shining  prisms  < 
tkinins  PH"Ba'N*0':B»"0  t  SHK).  In  racno,  lie  crystals  gire  off  3  at.  water ;  w 
heataa  to  160°  C.  they  lose  16'4  per  cent,  and  the  residual  aalt  cont^nk,  aoordia 
Dwsaignes,  fi7'0G  per  cent.  BaO,  agreeing  nearly  with  the  fbrmoU  C'H'Ba*! 
which  requires  S7'06  percent.  This  is  the  forniula'of  the  normal  salt  of  a  dib 
add  ;  bnt  since  aspsrtic  acid  is  in  all  probability  an  amidogen -acid,  and  anch  acids 
alway*  monobasic,  it  is  rather  to  be  supposed  that  the  true  formula  of  the  salt  d 
at  1SD°  C.  is  C^"Ba''N'0'.BB''0.    This  formula  nqaina  only  Sfi-0  per  cent.  B 


at  1SD°  C.  IB  C^"Ba  N'C.Bb  O.  This  formula  nqaina  only  Sfi-0  per  cent.  B 
the  greater  proportion  obtained  by  DeBSaignee  may  hays  been  aiu>  to  the  preeeac 
carbonate  of  barium.     (Oorhardt,  TiailJ.  i,  B18.) 

The  normal  eaUium-iaU  is  gummy,  and  tastes  like  &t  aodtum-nlt.  The  banc 
frequently  forms  prismatic  crystals  containing  <.''H"Ca"N'0'.Ca"0  +  TlfO  ;  aai 
ing  to  Desmignea,  it  given  off  8  atotna  of  snter  at  160°   C,  and  is  then    ledoeer 

Mdanriivm-MiUt. — The  normal  aalt  (onnB  eryataUine  emstj,  solnble  in  about  16 
of  boUing  water,  inwilable  in  absolnte  alcohol     The  baeia  aalt  obtained  by  diaaoli 


Atpartaifi  of  Oopprr The  normar  aalt  of  the  sctiye  acid  exists  only  in  bdIdL 

A  basic  aalt  is  obtained  by  adding  a  solution  of  the  norma!  barium-salt  to  a  hot  k 
tiOD  of  anlphate  of  copper.  The  liquid  on  cooline  depfliita  pnln  hhie,  rery  lii^iit  r: 
lala  which,  according  to  Deesaignea,  contain  C<H*Cu"KO'.fiH'0  (or  rather,  perlu 
C*H"Cu"N'0>X'u~0  +  9HH)).  and  giye  off  Uieir  water  at  160°  C,  leaving  Iha  an 
droo*  aalt  C'II*Cu"NO<.  Inactiye  aspartate  of  ammoDium  forau  a  btuiah  predpil 
with  copper-aalta.    (Wolff.) 


ASPASIOLITE- ASPHALT. 
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AspartaUa  of  Uad,^Th%  normal  lead-salt,  OH'^Pb'KK)",  is  obtainad  bj  predpi- 
tatiog  a  aolatioii  of  acetate  of  lead  with  aspartate  of  potassiom  or  basic  aspartate  of 
ealcium.  On  mixing  an  ammoniacal  solution  of  normal  acetate  of  lead  witn  inactire 
aspartate  of  sodium,  a  ctardpr  precipitate  is  formed,  and  the  filtered  liquid,  if  diluted 
with  a  considerable  quantiW  of  water,  deposits,  after  two  or  three  days,  nacreous 
erystiUs  united  in  very  hard  spherical  masses.  These  crystals  are  anhydrous,  and 
contain  63*88  per  cent  of  lead-oxide,  agreeing  with  the  formula  C^H^Tb^Tm*  J^b'^O, 
which  requires  64*6  per  cent  FbO.  The  formula  C«H*Pb''NOS  analogous  to  that  of 
the  basic  aspartates  examined  by  Dessaignes,  would  require  66' 1  per  cent  of  lead- 
oxide  (Pasteur).  The  sodium-salt  of  active  aspartic  acid  also  forms  a  precipitate  with 
ammoniacal  acetate  of  lead,  and  the  liquid  afterwards  deposits  hard  radiated  nodules 
eontaining  65  per  cent  lead-oxide ;  these,  howerer,  are  noming  but  a  basic  acetate  of 
lead.    (Pasteur.) 

Atptartat0  of  Mtreury, — ^Mercuric  oxide,  boiled  with  aspartic  add,  forms  a  white 
powder,  containing,  when  dried  at  100^,  C"H"Hg^K)'.Hg^O,  a  composition  analogous 
to  that  of  Pssteurs  basic  lead-salt    (Dessaignes.) 

Aspartates  of  Silver, — When  nitrate  of  silver  is  added  to  a  slightly  alkaline  solution 
of  aspartate  of  ammonium,  a  precipitate  is  formed,  which  disappears  on  stirring,  and 
iho  liquid,  aftar  24  hours,  yields  white,  heavy,  entangled  oystais  of  a  basic  salt  The 
fnother-liquor,  left  to  crystallise,  deposits  yellowish  cmtals  of  the  normal  salt, 
C«U*AgNO«.  The  basic  salt  appears  to  be  C<H*Ag*Ol  This  formula  requinsi 
66*86  per  cent  oxide  of  silver,  and  the  mean  of  sevraal  analyses  made  by  different 
chemiiita,  and  not  differing  by  more  than  0'2  per  cent,  gives  66*7  per  cent  This  salt 
appears  then  to  be  really  a  dibasic  aspartate.  Pasteur  finds,  however,  that  the  same 
«alt  when  merely  pressed  between  paper,  and  then  dried  for  24  hours  at  the  ordinary 
temperature,  agrees  in  composition  with  the  basic  lead-  and  mercuiy-salts,  its  formula 
being  2C*H^AgN0*Jig^0.  The  active  and  inactive  acids  yield  silver-salts  identical  in 
composition.    (Pasteur.) 

Aspartate  (?)  of  Ethyl. — When  malate  of  ethyl  is  saturated  with  dry  ammonia- 
gns,  the  liquid  becomes  heated,  and  in  a  few  days  solidifies  to  a  radiated  crystalline 
mass,  whicn,  after  being  drained,  and  then  washed  with  ether,  consists  of  pure  nmla- 

mate(orasparUte)ofethyl,  ^^^'•^*^*^^  1 0.   By  further  treatment  with  ammonia,  it 

is  oonverted  into  nialamide  [  ?  asparaginej.    (Pasteur.) 

ASVASXO&ZTB.  A  variety  of  eordieriie  [3(Mg^'O.SiO*)  +  Fe'^O.SiO*  -i- 
!i(2Al«0*.8SiO«)],  in  which  the  magnesia  is  partly  replaced  by  water.  The  two 
minerals  crystallise  in  the  same  form,  and  crystals  are  found  consisting  partly  of 
cordierite,  partly  of  aspasiolite,  the  most  complete  transitions  from  one  to  the  other 
oecurriag  in  the  same  spedmen.  Moreover,  both  minerals  contain  the  same  propor- 
tions of  silica  and  alumina ;  bat  aspasiolite  contains  less  mafi;nusia  and  more  water 
thian  cordierite,  the  difference  being  that  1  at  of  magnesium  in  the  latter  is  replaced 
hy  3  at  of  hvdrogen  in  the  former  (or  1  at  of  magnesia  by  3  at  of  water).  Similarly 
it  is  foand  that  1  at  of  iron  or  manganese  may  be  replaced  by  3  at  H  without  altera- 
tion of  ciystalline  form.  This  kind  of  isomorphism,  called  polymerie  isomorphism, 
was  discovered  by  Scherer;  it  was  first  noticed  in  the  minerals  cordierite  and  aspa- 
siolite.    (Pogg.  Ann.  Ixviii.  319.) 


A  variety  of  tannic  add  obtained  by  Sch  war  ts  (Ann. 
Ch.  Pharm.  Ixxx.  333)  to  be  contained  in  woodruff  {Asperula  adorata),  Schwars 
as8i^ns  to  it  the  formula  C'*H*0*,  but  it  does  not  appear  to  have  been  obtained  in 
astate  of  purity.    (See  also  Bochleder,  Ann.  Ch.  Pharm.  Ixxxiii  64.) 


AITXJL  OBOXATA*    The  herb  of  this  plant  contains  cumarin,  aspertannic 
ai'id  (?).  rubichloric  acid,  dtric  acid,  and  probably  catechu. 

A8VBA&T.  Compact  Bitumen^  Mineral  Pitch,  Jtw*»  Pitch,  Bitumen  Judaicum, 
JufUnpnK  Erdpech,  Btrgpech,  Goudron  miniral.  —  A  smooth,  hard,  brittle,  black, 
or  brownish-black,  resinous  mineral,  having  a  concboidal  fractore,  and  a  streak  lighter 
than  the  broken  surface  with  which  it  is  made.  Spedfic  gravity  1  to  1*68.  Odour 
bituminous,  becoming  stronger  by  friction.  Melts  at  about  100*^  C,  easily  takes  fire, 
and  bums  with  a  bright,  but  very  smoky  flame.  Like  all  bituminous  substances,  it  is 
a  product  of  the  decomposition  of  vegetable  matter,  consisting  chiefly  of  hydrocarbons, 
with  variable  quantities  of  oxygen  and  nitrogen,  and  yields  by  dry  distillation  a  small 
quantity  of  ammoniacsl  water,  a  peculiar  empyreumatic  oil,  and  a  residue  of  charcoal 
mixed  with  variable  quantities  of  inorganic  matter.  It  dissolves  partiaUy  in  alcohol, 
more  easily  in  oils  both  fat  and  volatile ;  it  is  alw)  dissolved  by  alkalis  and  alkaline 
carbonatea. 

Asphalt  is  found  in  most  parts  of  the  world,  sometimes  pure,  sometimes  associated 
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burfoee,  where  it  fomu  solid  lnmpa,  vhlcli  itrr.  throwa  wpoa  the  ihore. 
tlien  is  4  take  of  bitumen  1}  mile  in  circumferrnce,  mid  ud  solid  Dew  ihr  ttrnn, 
gradiully  incressiiig  in  temperHtare  and  boRiim!  to^iuda  the  eentt*. '  Asj^tlt  ii 
fi.Diid,  more  or  less  pore,  iti  Cubs,  Sonth  jLmerics,  and  tbHohb  part*  of  Snroft 

Ai  SejsMl,  neai  tiie  Bhone  (D^  de  I'Ain),  it  fonna  a  d^nait  UOO  ft.  Img 
800  ft.  broad,  vieldiiu;  aboat  ISOO  Ions  uinnilt^.  At  BMhalbrnim  and  lelMa 
the  Lover  Bh&iB,  a  tiadd  bituminous  mMs  is  fonnd,  called  ffraiuf  fU  Slrmhavj. ! 
thcr  withafeirqginoaa  sandstone,  eootaining  abont  lEperwOt  of  IntnmuMMi  m 
At  Bssteones  and  Das,  in  the  D^partement  des  Lando.  there  is  a  sjliceou  tud 
pregnated  with  abont  6  per  rent  of  1)1101060.  In  the  Val  de  Tnren,  Kedn 
there  is  a  oet^ueons  formation,  stronglv  impregnated  with  asphalt,'  vhieh  in  vr 
building  porpOBeB.  tn  the  British  Islee,  Bs^&lt  is  fbnnd  at  the  Foldice  mu 
Cornw3l;  near  Matlock  in  Derbyshire;  at  Haughmond  Hill  in  Shropehirs;  a 
the  Hotwells  near  Bristol;  also  in  limestone  near  (rlaagow;  in  braltoae  aea  ] 
burgh ;  in  the  sandstone  of  Caithnsss ;  snd  generally  thr<in(;hout  tbe  Orkn^ 

i^halt  is  separated  from  the  minerals  with  which  it  is  assodat«d.  eitbtr  W  \t 
with  wster,  which  iiansM  the  bitumen  to  run  out  in  the  melted  state,  or  bj  tif  i 
of  hjdrocMoric  add.  which  dissolyes  carbnuate  of  calcium  end  learn  the  ■qthi 
with  oil  of  turpentine,  which  dlssolrea  ont  the  bitumen. 

The  fbllowing  table  contAins  the  results  of  analyses  of  rariona  kinds  of  up 
a  is  asphalt  from  CoiiUmbo  inPeru ;  b  from  Bastennea ;  e  from  Ponl-da-CId 
AnTergne ;  d  from  the  Abraizi  near  Naples ;  <  from  Pontnan; ;  /  from  CdIm  : 

EbdlUB.t  RcsunlLt 


Carbon    . 

.    88-63 

S8-70 

78-60 

7613 

T7-84 

67-43 

81 -tt 

Hydrogen 

.      B-68 

9-98 

880 

Ml 

T-89 

7-« 

»-« 

s^i 

.       1-68 

1-82 

2-60 
1-86 

10-3* 
2-32 

8'36 
1-02 

88-98 1 
l-87t 

8* 

Ash        . 

— 

— 

8-46 

1-80 

6-lS 

— 

10000 

lOO-OO 

100-00 

100-00 

100-00 

100-00 

lOO-W 

Aaaading  to  Bonssinganlt  {Ann.  Ch.  Fhys.  [2]  liir.  141),  ttfiult  or  m 
bitumen  is  a  mixture  of  two  definite  sabatances,  tu.  atpkaUtnt,  which  is  tin 
■olnble  in  alcohol,  and  prlroient,  which  is  oilj  and  roUtJle.  The  graatci  psit  i 
latter  may  be  ToUtilised  by  distilling  the  asphalt  with  water. 

Ftlrolene  (from  the  asphalt  of  Bechelbnum)  forma,  when  dried  ner  dili>i 
ealdiim  and  rectified,  a  pale  yellow  oil  haTing  a  dint  tsste  and  bituminmu  t 
Spedfie  gravity  0-8B1  at  21"  C.  Does  not  heoime  solid  at  12"*  C.  It  HaiM  i 
and  burns  with  thick  smoke.  Boils  Bt2S0°.forming  aTapoujofsrpecificmvil)! 
It  contains,  according  to  Bonssingault,  S7'2  per  cent,  carbon  andlS'l  hjdro^  : 
ing  ne«rly  witb  the  formula  C'H*',  which  for  a  condeuBaCioD  to  2  mis.  gin 
raponr-deosity  96. 

Aipkallttu  is  obtained  pore  b^  beating  asphalt  Sir  48  honia  to  260°  C,  wt 
the  pebrolene  is  oompletel;  volatilised.  It  is  a  black  solid  substance,  hsnae  ■  i 
lostre  and  conchoidal  &actnr&  It  becomes  soft  and  elastic  at  about  300°  C.,  A 
poses  before  it  melts,  and  bnms  like  a  resin.  It  gives  bvanalyais  74'2  per  it 
and  S'9H,  whence  Boossingault  deduces  the  formula  C'*H''0'.  Oerhuilt  p 
C^HwO",  and  soggnts  Uiat  asphaltene  may  be  fbrmed  l^  the  oiidatioD  of  petnli 

Aipialt^. — Asphalt  yields  by  di^  distillatiaa,  a  yellow  oil  eonmsdag  of  i 
carbons  mixed  with  a  small  quantjtj  of  oiidised  matto-.  It  begins  to  bo2  •£  i 
but  the  baiting  point  gradually  rises  (o  260°,  The  portion  boiling  betveen  W 
200°  has  a  specific  gravity  of  0-B17  at  I6°C.;  that  which  boils  betweeu  IDC 
260°  has  a  spedfic  gravity  of  0'86S  at  16°  C.  Both  portions  gave  by  anaijiii 
87-6  per  cent,  carbon,  116  hydrogen,  and  0*S  oxygen,  wliioh  is  nearly  the  coDpu 
of  oil  of  amber.     (Vdlckel,  Ann.  Ch.  Pharm.  Imviil  139.) 

Aepbalt-oi),  bealed  with  nitric  acid,  is  transformed  into  a  resin,  having  thr  < 
of  musk  and  the  taste  of  bitter  almonds.  On  treating  the  oil  with  strong  rdf 
add,  part  dissolves,  while  the  rest  floats  on  the  auiface.  This  Utter,  when  d«i 
washed  with  potash,  and  rectified,  yields  an  oily  mixture,  whose  boiling  paill  r 
from  90°  to  250°  C,  and  density  from  0-7S4  to  0*867  at  16°  C.  Suli)edsd  to 
lional  distillation  at  intervkl*  of  20°  or  30°  C,  it  yields  a  niunber  of  oil*  fni 
•  Ann.  Clb  Flif •.  [11  lixUL  m.  t  Ado.  MM.  ir.  Btl.  J  DId,I.  piiI,tKtia.J.  Unii. 
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increoaing  in  density,  but  agreeing  >ery  nearly  in  composition,  the  mean  reanlt  of  their 
analyaij  h&ng  87*6  per  cent,  carbon,  and  12*5  H,  a  proportion  agreeing  with  the 
Tormula  fiCH*.  It  agrees  also  with  Bonssinganlt's  analysis  of  petrolene.  All  these 
«>iLs  hare  nearly  the  same  odonr,  are  insoluble  in  water,  bnt  Tery  soluble  in  ftloohol 
and  ether.  Strong  sulphuric  add  scarcely  attacks  them.  They  are  insoluble  in  strong 
nitric  acid,  and  on  boiling  the  liquid,  the  nitric  add  Tolatilises,  and  theie  is  formed  a 
Tery  small  quantity  of  a  heavy  yellow  oiL 

Asphalt  was  Maed  by  the  andent  Egyptians  in  embalming,  and  appears  to  have  been 
employed  in  the  construction  of  the  walls  of  Babylon.  It  is  now  used,  mixed  with 
aand«  chalk,  ground  sandstone,  &c,  for  pavement,  for  making  water-tight  tanks  and 
eorers,  as  a  coating  for  tubes  of  glass  and  iron  used  for  conveying  gas  or  water,  and  for 
various  other  purposes  of  like  nature. 

Artificial  or  Ga$»tar  Asphalt  is  a  mixture  of  sand,  chalk,  or  lime-stone,  with  the 
thick  pitchy  residue  obtained  by  evaporating  off  the  more  volatile  portions  of  ^as-tar. 
The  mineral  substance  must  be  stronglv  heated  to  expel  moisture  and  adhering  air, 
the  presence  of  which  would  prevent  the  pitch  from  penetrating  thoroughly  into  the 
pores  of  the  mineral,  and  added  to  the  pitch  while  in  the  meltod  state.  The  pitch 
I'liouid  also  be  very  strongly  heated,  but  not  enough  to  char  it  This  artificial  asphalt 
is  used  in  the  same  way  as  the  natural  asphalt,  for  pavements,  tanks,  &c. 

AAVMOBS&Wi.  The  bulbs  of  Atphodile  de  Sardaigne^  of  Asphodelua  raeemosua, 
and  other  spedes  of  the  same  genus,  are  said  to  contain  a  fermentable  substance  from 
which  alcohol  may  be  prepar^  According  to  Landerer,  an  excellent  glue  may  ba 
obtained  from  Uie  bulbs  of  A.  racemogus  and  A.  Jistuloius  by  washing  them  with 
water,  drying  them  thoroughly  in  a  stove,  grinding  them  to  coarse  powder,  and 
mixing  the  powder  with  water. 

ASFnUkTIMk  An  apparatus  first  devised  by  Brunner  for  drawing  a  stream  of 
a  if  through  a  tube  or  other  vesseL  The  simplest  form  of  it  is  a  cylindrical  vessel 
^  (fy-  76),  of  sine  or  tin  plate  to  hold  water,  having  a  cock  a  near  the  bottom,  and 
three  apertures  closed  with  corks  b,  e,  d  on  the 
tnp.  b  is  connected  with  the  vessel  through 
which  the  stream  of  air  is  to  be  drawn ;  o  is  for  €CD=== 
the  insertion  of  a  thermometer,  and  d  to  pour 
iti  water.  The  vessel  A  being  filled  with  water, 
the  apertures  c  and  d  dosed,  and  the  cock  a 
o)  K>ned,  the  water  runs  out ;  and  as  air  can  only 
enter  by  the  bent  tube  e,  inserted  into  the 
o}>ening  6,  a  stream  of  air  is  drawn  through  the 
ii[>panitu8  with  which  the  other  end  of  this  tube 
ix  connected,  the  volume  of  air  thus  drawn 
tliroogh  being  exactly  equal  to  that  of  the 
w  at^^T  which  runs  out  at  A.  Instead  of  the 
metal  cylinder,  a  glass  vessel  may  be  used, 
having  a  stopcock  at  the  lower  part  of  its 

Regnault,  in  his  analysis  of  air,  used  a  oy- 
lindrical  metal  vessel  with  conical  terminations, 

and  having  at  the  bottom,  a  stopcock  to  which  was  attached-  a  short  glass  tube  bent 
upwurds,  so  that  the  small  column  of  Uqm'd  which  remained  in  it  when  the  vessel  was 
••mptied  of  water  might  prevent  air  from  entering  at  the  bottom  The  advant«ige  of  the 
ronical  terminations  is  Uiat  the  vessel  can  be  more  completely  filled  and  emptied^ 
and  the  volume  of  water  which  ivns  from  it,  more  exactly  measured. 

In  all  these  forms  of  aspirator,  the  refilling  of  the  vessd  with  water  is  very 
troublesome,  especially  when  laree  quantities  of  air  are  to  be  drawn  through.  To 
obviate  this  inconvenience,  an  aspirator  has  been  contrived  by  Brunner,  consisting  of 
two  equal  cylindrical  vessels  placed  one  above  the  other  and  communicating  by  tubes 
which  can  be  opened  or  dosed,  so  that,  when  the  water  has  run  from  the  upper  to 
the  lower  vessel,  the  apparatus,  turning  for  the  purpose  on  a  horizontal  axis,  may  be 
inverted  so  as  to  bring  the  empty  vessel  to  the  bottom,  and  the  full  one  to  the  top ; 
the  water  may  then  be  liffain  made  to  run  without  the  trouble  of  refilling. 

M  oh  r's  aspirator  has  the  form  of  an  ordinair  gasometer,  consisting  of  two  cylindrical 
vessels,  the  inner  of  which,  of  rather  smaller  diameter  than  the  outer,  is  closed  at  top, 
and  inverted  in  the  outer  which  contains  vrater.  The  inner  vessel  is  balanced  by  a 
weight  passing  over  a  pulley,  as  in  the  large  gasometers  used  at  gas-works.  The  vessel 
through  which  the  air  is  to  be  drawn  is  connected  with  the  inner  vessd  b^  a  bent 
tube  paadnff  through  the  outer  vessel  near  the  bottom  and  terminating  withir  the 
inuer  veaaeL 
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ASSACOU  —  ASSAMAR. 


A  imiple  apcajitna,  Miring  both  for  upintor  and  pemnntm'  ia  desoibcd  ' 
F.  Qnthrie  (Phil.  Mig.  [11  xr.  61> 

An  M|nnlDt  irbicli  wotta  bj  ■  constaat  ftreim  of  water  uid  doe  hm  i 

ujBUiiiBor  emp^rinsof  TcaeU,  hw  been  coDtiived  by  M.  W.  Johnson  ( 

Sac.  On,  1.  ir,  ISS).     The  prindple  of  thia  appantm  ii  the  ume  u  that  of  thr 

blut  tued  in  the  Hnnguiu)  miiiM.      Th«  Ufn 

"S-  '*-  eoiuiala  of  ■  nnall  hollov  cjlioder  ^of  bnaan 

ri  at  both  ends,  and  connectad  vith  thr 
ofth  which  the  air  i>  to  be  drawn,  bj  die 
tube  C.  A  itntight  glua  tube  B  u  fitted  to  ih> 
end  of  the  cjlisder  A,  and  the  upppr  ead  i 
iTflioder  in  attached  bj  a  caontehonc  tube  to  ■ 
tap  lapplpog  a  conetant  itream.  On  opening  t 
the  water,  aa  il  rune  down,  earrin  the  air  in  th> 
der  A  alon^  with  it  ud  tiie  air  id  the  laten) 
ia  then  dnvea  in  hj  the  external  p 


long  aa  the  water  ii 


}f  air  iimade  U. 


It  u 


the  tap  to  the  tWL  For  a  codt  |  of  an  i 
diameter,  the  cylinder  A  mi;  be  2  in.  long  aa 
wide :  5  t  in.  long  and  \  in.  wide ;  C  also  1  i 
and  \  in.  wide.  The  Tolnme  of  air  drmwn  thiiTBj 
aepiralor  ii  not  eqnal  to  that  of  the  watsr  wfaii 
away.  With  the  tube  B,  Bin.  long  and  |  in.  wide 
ton  found  that,  for  eTei^  cobic  foot  of  air  drawn  i 
0'S9  cab.  in.  of  water  waa  extended.  It  a 
therefore,  that  thii  form  of  aapirator  csmiot  b 
when  the  Totnme  of  air  drawn  in  ia  to  be  i 
meaanted.  Id  that  caae  one  of  the  aapiratora  bd 
ecribed  mnat  be  need.  When  only  imall  qnaat 
water  are  rnn  out,  it  ia  mfBdent  lo  reeein  the 
in  a  Eiadnated  meamre  and  detexmine  ita 
direcUy.    When  a  large  aspirator  ia  naed  and 

be  flUad  lerwal  timea,  lit  eapacitr  moat  be  preriooafy  determiited  by  fllHng  r 

Water  from  a  flaak  of  knows  e^wcity. 
This  Toltune  cf  air  det«nnined  by  direet  measarement  of  the  watar  ttu  ont,  i 

ponne  be  reduced  to  the  atandard  prennre  and  tempriatuie.  0"  C.  aod  7A0  aim  . 

efficient  of  eipanaion  for  each  degree  centigrade  bein^  O'OO'""*      *  —— j;™ 
for  the  quant: '~   '  "~  *'""  ""  ~' 


required  for  t 


ur,  which  ia  aatiuatad  w 


of  the  teniioD  of  aqueooa  Taponr  for  the  t«nnOD  correaponding  to  the  obaen-f 
perature.  Let  thii  teneioD  eipreaBedinmillinietrea  of  metcury  bey;  also  la  i 
the  height  of  the  barometer.  I  the  tempenluie  in  oeotigiwla  degrece ;  *  the  ot 
and  1^  the  corrected  Tohmie  of  the  air :  then 


tf  —  • 
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a  or  VBBAOV.    The  Brazilian  name  for  the  Bura  iranlimju  JH 

a  euphorhiaceoui  tre^  the  bark  and  aap  of  which  contain  an  acrid  rerj  poi 
principle.  The  thickened  aap  and  tlie  decoction  of  the  bark  exert  an  emetic 
prodace  ulcerating  puetolee  on  the  ekin,  and  are  used  as  a  rainedT  Em  elitphti 
The  natives  also  use  them  to  prepare  poisonaui  drinks,  against  which  no  anti 
known.    (Uirat  and  Qilbert,  Fhann.  Centr.  1819,  p.  80.) 

**»«»'^Tti  (From  axari!  to  mast,  and  onunu  bitter.)  Thia  name  was 
hj  Relchenhsch  to  the  peculiar  bitter  substance  produced  when  gum,  sogar, 
gluten,  meat,  bread,  Ik.  are  roasted  in  the  air  till  they  turn  brown.  Reichri 
(Ann  Ch.  Fhann.  itii.  3)  preporea  it  bj  roaatinf  thin  alicea  of  bread  till  they  1 
bJack-biown,  trBating  the  pnlTerised  product  with  abaolste  alcohol,  eTaporatii 
■yrup,  again  treating  with  alcofao],  &c  till  a  residue  is  obtained  completdy  tol\ 
alcohol.  The  alcoholic  solution  is  then  mixed  with  ether,  which  precipit«tae  a  pi 
brown  substance ;  the  decanted  liquid  ia  evuionted ;  and  the  residue  carefUly  ' 
tiU  it  is  diy.  Volckel  (Ann.  Cb.  Fhann.  Ixht.  74)  piepares  aasamar  in  a  i 
manner,  from  the  brown  tariy  liquid  obtained  by  the  dcy  distillation  of  m^ 
caramel,  after  neotraliaing  the  add  contained  in  the  liqoid  with  earbonatr  of  k 
BDil  evaporating. 

Aasunar,  according  to  Beichenbaeh,  is  a  yellow  transparent  solid ;  but  aeo 
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to  Voldiel,  it  £x  a  roddish-yellow  nyrapy  liquid,  which  does  not  solidify  till  it  b^ns 
f<»  decompose.  It  is  extremely  hygroscopic,  and  dissolTCs  in  water  in  aJl  proportions. 
When  heated,  it  melts  (ReichenbaehX  l^eoomee  more  fluid,  and  at  100°  C,  decomposes 
and  becomes  darker  in  colour,  after  which  it  no  longer  dissolves  completely  in  watei 
(Volckel).  The  aqaeoos  solution  is  neutral,  .and  reduces  nitrate  of  silrer  when 
hea t>4>d.  Assamar  is  dissolved  by  potsah,  and  acids  precipitate  £rom  the  solution,  a  bod^ 
of  different  composition.  Volckel  assigns  to  assamar  the  formula  C*H^*(^*;  but  it  is 
doubtful  whether  the  substance  to-caUed  is  a  definite  compound,  or  has  ever  been 
obtained  in  the  pure  state. 


Sea  StartDort. — ^The  ash  of  this  plant,  which  grows  in 
fialt-macshea,  is  very  rich  in  chloride  of  sodium.  The  several  parts  of  the  plant 
gathered  towards  the  end  of  September,  were  found  by  Harms  (Ann.  Ch.  Phami. 
xciv.  247)  to  yield  ash  of  the  composition  and  amount  given  in  the  following  table : 


Ajsh  per  cent       .        .        .        , 
Containing,  in  100  pts.,  after 
deducting  charcoal  and  sand : 
Carbonic  add  (anhyd.) 
Sulphuric  acid  ^anhyd.) 
Phosphoric  acid  (anhyd.) 
Silica  (anhyd.)  .        , 

Chloride  oi  sodium 
Chloride  of  potassium 
oooa  •        •        •        I 

Potash        .        .        .        , 
Ume  •        •        •        , 

Miigneaia 

Sesquiphosphate  of  iron 
Mang&naso-manganic  oxide 


Root>lMvet. 

Stems. 

Stem- leave*. 

Flowers 

14-9 

8-7 

16-2 

9*4 

3-4 

3-3 

4-2 

3-7 

2-7 

1-8 

41 

10-6 

20 

0-6 

1-7 

10-8 

0-6 

0-6 

0-8 

10 

66-5 

68-5 

60-2 

300 

8-7 

141 

— 

— 

— . 

— . 

140 

1-4 

18*6 

2-6 

61 

26-4 

60 

4-6 

4-8 

7-2 

2-2 

2-2 

1-7 

6-7 

11 

21 

2*3 

40 

trace 

trace 

trace 

trace 

I A  native  sulphate  of  magnesium  and  sodium,  S0*(Mg^;Na*).2H*0, 
oecurring  ia  white,  opaque,  prismatic  crystals,  together  with  ordinary  sulphate  oi 
magnesium,  in  the  bitter  salt-marshes  on  tiie  eastern  side  of  the  mouth  of  the  Volga. 

JUITBA&ZTB.  A  fflass  flux  resembling  aventurin,  but  containing  crystals  of  a 
cuprous  compound,  which  by  reflected  light  exhibits  a  dichroitic  iridescence  of  dark 
red  and  greenish-blue.  To  prepare  it,  a  mixture  of  80  pts.  of  silica,  120  lead-oxide, 
72  carbonate  of  soda,  and  18  anhydrous  borax,  is  fused  either  with  24  pts.  of  scale 
oxide  of  copper,  and  1  pt  of  scale  oxide  of  iron,  or  with  6  pts.  of  lime,  26  scale  oxide 
of  copper,  and  2  scale  oxide  of  iron.  The  mixture  is  fused  in  a  hessian  crucible,  at 
the  heat  of  an  ordinary  air-fiimaoe,  and  left  to  cool  slowly  in  the  furnace.  The  first 
mixture  melts  more  easily  than  the  second,  and  yields  larger  crystals.  The  dichroitic 
iridescence  is  particularly  beautifhl  on  cut  and  polished  surfaces.  (Pettenkofer, 
AbhandL  d.  naturw.  teehn.  Commission  bei  d.  Akad.  d.  Wiss.  zu  Miinchen,  p.  134.) 


A  variety  of  mica  found  at  Brevig  in  Norway  It  con- 
tains silica,  alumina,  ferric  oxide,  magnesia,  potash,  soda  (a  trace),  ferrous  oxide, 
nianganous  oxide,  lime,  and  about  3  per  cent  of  water.  The  amount  of  iron  is 
unusually  laige.  Fluorine  is  absent.  Before  the  blowpipe  it  melts  easily,  and  with 
in  tumescence.  Colour  pinchbeck-brown,  varying  to  nearly  a  golden -yellow  in  the 
thinner  parts.  The  crystals  are  often  united  in  beautiful  stellate  and  floral  groups: 
hence  the  name.    (Scheerer,  Berg-u.  hiittenmannische  Zeitung,  1854,  s.  240.) 


ATACAMlTMi  A  native  oxychloride  of  copper.  originaUy  found  in  the  desflrt 
of  Atacama  in  Peru,  and  since  obeyed  in  other  localities,  viz.  in  some  silver  mines  in 
Peru,  in  the  districts  of  Huasco  Biyo  and  Aconcagua  in  Chili,  in  the  lavas  of  Vesu- 
vius, and  in  the  mines  of  Schwaizenberg  in  Saxony.  According  to  the  analyses  of 
Klaproth,  J.  Davy,  Ulex,  and  Mallet,  it  contains  Cu''a^3CQ'^*0^  or  Cua  + 
(BCuOMO),  Berthier  (Rammelsb.  Handw.  i.  65)  found  in  a  snecimen  from  Cobna 
twice  the  amount  of  water  given  by  the  above  formula.  F.  Field  (Chem.  Soc  Qu.  J. 
vii.  194)  deduces  from  his  analysis  of  a  specimen  from  Copiapo  in  Chili  the  formula 
Cua  +  ZCuO  +  6SO,oT  Cu'^Cl'.3Cu"H*0*  +  2HK).  It  forms  small  rhombic  crystals, 
mrying  in  colour  from  leek  to  emerald  green,  and  senerally  ag^pregated  in  crystalline 
groups.  According  to  Monteiro  (PhiL  Mag.  [4J  xiii.  470),  it  occurs  at  Serra  do 
Bembe  near  Ambriz,  on  the  west  coast  of  Africa,  in  small  translucent  crystals, 
odP  .  P  oo,  on  malachite  and  quarts.  It  dissolves  easily  and  completely  in  acids,  and 
in  ammonia.    It  is  used  for  the  extraction  of  copper. 
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430  ATHAMANTA—  ATHERIASTITE. 

A.TBAMAMTA  OBBOaM&XWBI.     Ths  root  ind  Wedi  of  tbi«  ;Jut 

■  peculiar  bitter  Bubstence,  not  jet  exuniaed,  togsther  with  athammtin  (. 
■rticlej.  lb*  Imtcb  eoDtals,  not  al.h»in»nlin,  bat  b  bitter  principle  *ad  ■  ml 
vhieh  u  obtained  br  diitilling  tha  herb  vilh  water.  Thi*  oil  haa  tbe  compo 
oil  of  tiuHnCtne,  C'*H";  it  imellB  like  older,  hai  a  denii^  of  0*S4I,  and 
ISS'  C.  With  hydrochloric  arid  gaa,  it  fbrnu  an  unoyBt^tiaable  liqsid,  < 
colaurioi  after  distillation,  ligfatflr  than  waler,  audboili  at  190°  C.  ItdMBM 
to  be  related,  in  compoailion  or  propertiea,  eitlier  to  atJumantin  or  to  oil  of 
which  ia  prodnced  by  th«  decomposition  of  the  latter.  (Schnederini 
Winckler.  Ann.  Ch.  Pbium.  IL  336.) 

ATM&MAarmr.  CPH'O'.  (Om.xiLlOl;  Oerh  iT.3«9.)-Anibetaii 
ingin  the  root  and  toedMotAiianianlaoreottlinum,  and  other  epeeiea  (tf  the  aan 
It  wsa  flnt  obtained  in  an  impore  itBts  by  Winckler  (Bnchn.  Bepert.  si' 
■fterwards  prepared  pore  and  more  completely  eiamined  by  Schne  dermal 
Ch.  Phann.  li.  31fi].  It  is  extracted  by  treating  the  roots  and  seeds  with 
The  solution,  if  not  too  coDcentrated,  yields  the  athoraantin.  by  spoDtaneoas 
tioD,  in  crystals,  which  may  be  purified  by  presenre  and  cocrystalliBatioii. 
rolourlm,  flbroua,  silky  crystals,  or  sometimes  rectungtdar  priams  with  tnncsi 
mits ;  has  a  rancid  soapy  odonr.  and  a  sligbtJy  bitter  acrid  tast^.  It  is  inac 
water,  and  melts  in  it  at  the  boiling  beat,  in  drops  which  sink  to  the  bono 
vessel  It  dissolves  readily  in  aloohol  and  ethra.  and  the  solatioos  are  not  pr<i 
by  metallic  salts.  It  melts  between  60°  and  80°  C.  It  does  not  volatilise  D 
posed,  althongh  it  can  aostaia  a  tolerably  high  temperature  wttbout  dcuom 
By  dry  distilktion,  it  yields  valerianic  acid  and  other  prodacts. 

Melted  athamantia  absorbs  hydrochloric  aeid  gas,  and  appears  t<7  enter  i 
fcination  with  it,  but  on  raising  Uie  temperstnre  to  100°  C.,  decompoaitioa  tak 
and  the  athamsntin  is  resolved  into  valerianic  Kcid  and  oreoselone  : 
C"H"0'  -   2CH"0'  +   C"H"0" 


products  formed  are  oreoselone  ar 
tin  like  hydrochloric  acid,  a  crystalline  compound  being  formed  at  flrst,  suu  w 
wards  oreoselone,  valerianic  acid,  and  aul^ huiona  acid  gas.  Coneentratfd  anlji)] 
dinolves  atbamantin  and  decomposes  it  in  like  manner.  Athamantin  bea 
caoatJc  potash,  yields  valerate  of  potaesiuui,  and  a  white  amorphotis  mbetaur 
appears  to  be  a  hydrate  of  oreoselone.  Lime-water  and  baryta-water  act  ia 
manner,  but  more  slowly.     (See  Ohkoseloms  and  PKncaDaKOi.) 

Tncilomthamanlin.  C"H"C1<0',  is  a  light  yellow  resinons  body,  prodoeed  b 
an  alcoholic  solution  of  athamaotin  with  water,  and  cautiooaly  adding  dilute 
water,  till  the  liquid  smells  slightly  of  chlorine.  A  corresponding  bromine-o 
appears  to  be  formed  by  treating  athamantin  with  bromine- water. 

Trinilratianiantin,  C"H"(NO')K)',  is  fbnned,  together  with  other  sob' 
products,  by  the  actutn  of  cold  fuming  nitric  acid  on  atliamaotin.  I^vcipi 
water,  It  is  a  yellow  polTeruIent  aubataiice,  scarcely  wetted  by  wator,  easily  a 
alcohol,  etfaer,  and  ammonia,  slightly  in  dilute  nitric  acid.  (Oeyger,  Ann  Ch 
a.  3SV.) 

ATK&: 

of  ftimaoe,  which  has  long  >i  ^ , 

of  the  ancient  cbcnusts  rendered  it  a  desirable  requisite,  that  their  flres  s 
constantly  supplied  with  fuel  in  proportion  to  the  consumption.  The  athaaoi 
was  peculiarly  adapted  to  this  purpose.  Benide  tbe  nsual  parts,  it  waa  provi 
B  hoLow  tower,  into  which  charcoal  was  put.  Tbe  luper  part  of  the  tow 
filled,  was  closely  shut  by  a  well-Stted  cover ;  and  the  lower  part  oonuaDttica 
the  fire-pUce  of  the  fiiniace.  In  coasequense  of  this  disposition,  tlie  ehan 
sided  into  the  fire-place  grodoally  as  the  coDsamplion  made  raam  for  it ; 
which  was  oontained  in  the  tower  was  defaided  fiom  eombustioB  hj  the  cxe 
a  proper  supply  of  air. 

AVXAS  or-A^AM.    The  Indian  name  of  volatile  oil  of  raaaa. 

ATSBKZAavXTH.  Thr  name  given  by  Weibje  to  a  mineral  frt^i 
bearing  an  external  resenlblaiiee  tJi  scapolite.  In  composition  it  appean  to  b 
to  epidote,  as  will  be  seen  by  tbe  following  oomparisou  of  its  luuUysiB  l:^ 
■        '     "  -"^  ''--I  of  epidote  ftom  Atcndsl  l^  Scheen 
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AtheriastlU. 

Rpkl0C«L 

Silica 

.     3800 

37*69 

^JHflilfl^ 

.     2410 

2078 

Fcnic  oxide    . 

.       6-22 

1667 

Idme 

.     2264 

22-64 

Magnema 

.      2-80 

0*41 

Water    .        . 

.      6-96 

211 

10071 


100-05 


does  not  state  whether  the  iron  in  atheriastite  is  present  aa  a  fenaaa  or  as  a 

ferric  compound ;  but  it  is  probably  all  in  theform  of  ferric  oxide.    (Scheerer,  Handw; 
d.  Chem.  2**  Anfl.  l  406.) 

OSa.    See  MAUkCHm. 

See  Satut  Spab. 


The  name  given  Inr  Kane  (Compt  rend.  ix.  666)  to  a  pro- 
duct which  Tolatllises  in  red  yapoiuv,  and  condenses  in  roddisn-green  lamine,  in  the  dry 
distillation  of  litmylic  acid  (erytbrolitmin)  and  litmic  acid  (a  mixture  of  asc^tmin 
and  spaniolitmin),  with  lime. 

ikTMZnoSCOPS.  An  instrument  invented  byBabinet  (Compt  rend,  xxvii. 
629 )  to  measure  the  rate  of  evaporation. 

ATMOCTlffBW  Mi  The  gaseous  envelope  which  surrounds  any  solid  or  liquid 
Uniy  is  called  an  atmosphere  {irfUt  smoke,  ff^aSpa  globe) ;  thus  we  speak  of  the  atmo- 
Bpiiere  of  oxygen  which  spongy  platinum  attracts  to  its  suiface,  or  of  the  reduction  of 
a  mf'tol  in  an  atmosphere  of  hydrogen.  The  term  atmosphere  is,  however,  especially 
employed  to  designate  the  gaseous  matter  which  encircles  the  solid  and  liquid  portiona 
ol  tlie  earth's  suiiace,  forming  the  air  or  earth's  atmosphere. 

Of  the  existence  of  matter  above  the  visible  crust  of  the  globe  we  have  striking 
evidence  in  the  resistance  offered  to  bodies  moving  near  the  earth's  surface  ana 
in  the  effects  produced  by  wind;  but  the  most  direct  proof  that  the  air  is  attracted 
by  the  solid  and  liquid  portions  of  the  earth's  body,  or  that  the  air  has  weight,  is 
afforded  by  the  hct  that  a  vessel  filled  with  air  weighs  more  than  the  same  vessel 
from  which  the  air  has  been  removed,  and  that  a  dosisd  vessel  filled  with  air  weighs 
less  in  the  atmosphere  than  it  does  in  a  vacuum.  That  the  air  possesses  weight  was 
smfpected  even  before  the  time  of  Aristotle ;  but  Galileo,  in  1640,  was  the  first  who  gave 
the  right  explanation  to  the  fact  observed  by  the  Florentine  pump-makers,  that  they 
were  unable  to  raise  water  bv  a  suction-pump  more  than  32  feet>  and  supposed  by 
them  to  show  that  nature  had  a  *'  horror  vacui."  Galileo's  explanation  was  beauti- 
fully verified  by  his  pupil  Torricelli,  who  argued  that,  if  the  atmospheric  pressure 
supports  a  column  of  water  32  feet  in  height,  it  must  si^port  a  column  of  mercury, 
wliich  is  nearly  fourteen  times  heavier  than  water,  of  alK>ut  30  inches  in  height; 
jmd  thus  the  first  baiometer  was  constructed,,  the  empty  space  above  the  mercuiy  in 
the  tube  being  called,  from  its  discoverer  the,  ToriceUian  vacuum. 

The  atmosphere,  then,  having  weight,  or  obeying  the  laws  of  gravitation,  forms  a 
port  of  the  earth's  body,  and  accompanies  the  solid  and  liquid  portions  in  their  axial 
and  orbital  motions.  The  height  to  which  the  atmosphere  extends  above  the  earth's 
8urface  is  not  the  same  at  all  points,  since,  owing  to  the  increase  of  the  attractive 
force  at  the  poles  and  its  dinunution  at  the  equator,  and  to  the  action  of  the 
centrifugal  force,  as  also  to  the  increase  of  temperature,  the  atmosphere  presents, 
like  the  earth's  solid  body,  the  form  of  a  spheroid,  whose  polar  is  considerably 
shorter  than  its  equatorial  diameteT.  The  absolute  height  to  which  the  atmosphere 
4*xteuds  above  any  point  on  the  surface  of  the  earth  has  not  been  determined 
with  any  degree  of  certainty:  for,  as  air  is  an  expansive  fluid,  and  the  volume 
Miiich  a  given  quaintity  of  air  occupies  is  directly  dependent  upon  the  pressure 
and  temperature  to  which  it  is  exposed  (in  accordance  with  the  known  laws  regu- 
lating the  expansion  and  contraction  of  gases),  the  density  of  the  atmosphere  is  not 
uniform,  bat  diminishes  as  the  distance  from  the  earth's  surface  increases:  the 
e^act  point  at  which  the  atmosphere  terminates  is  thus  very  difBcult  to  determine. 
That  there  is,  however,  a  limit  of  the  earth's  atmosphere  is  rendered  certain  from  the 
fact,  ascertained  by  the  observations  of  the  occultations  of  stars  or  satellites,  that  our 
moon  and  most  of  the  planets  are  destitute  of  an  atmosphere  like  ours,  which 
could  not  be  the  case  if  the  terrestrial  air  were  difftised  throughout  space.  Dr.  Wol- 
laston  supposed  that  a  gas  cannot  expand  beyond  a  certain  limit,  and  Faradaj^  has 
shown  that  in  the  case  of  the  vapour  of  mercuir  such  a  limit  really  exists :  hence 
there  can  be  no  doubt  that  there  is  a  definite  limit  to  the  atmosphere ;  and,  from 
oalcolations  of  the  time  during  which  the  twilight  extends  to  the  zenith,  it  appeaiv 
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that  the  ttmoaphere  MuhM,  ia  s  state  of  seoaible  denait;,  to  tbe  maUi  heigjit  of : 
fnrlf  to  for^-flTB  mil«  abave  tbe  eiirth'a  eur&ce.* 

BBTometnc  ob^Brratioiia  at  varioM  height)  abort  the  •ea-lavel  provB  crakd™ 
that  Qalileo's  theorj  of  atmospheric  preaaai«  ia  correct.  Tbe  flnt  o(  these  buom 
neaauiemeiits,  maJe  on  the  Fu;'-de-II6me  by  Paaeal'a  adriee  in  1S48,  ahinred  thai 
eulumQ  of  merctuy  aupported  bj  th«  atmoaphara  aioka  aa  the  diatAnce  from  tbe  ea 
curfaca  Inereaaea ;  thus,  at  the  aea-leTel,  tho  maun  height  of  the  bazometric  coimi 
760  millimetre  (29'B2  fWliali  inchea),  wheraaa  in  Potosi,  at  a  height  of  13,220  fnl 
mercuTT  sinks  to  a  mean  level  of  471  millimelrea.  The  aTerago  weight,  thai,  ol 
atmoapliere  at  tbe  lerel  of  the  aea  is,  in  oar  latitndea,  that  of  a  coliimii  o(  n>4 
7C0  mm.  in  height,  or  equal  to  a  preasure  of  103'33  kilogrammee  on  a  Bijnatv  < 
natn  (nearly  15  pounds  on  a  square  inch).  Thtsveight,  the  human  body,  in  am 
with  all  aubstancea  eiiatiug  at  tbe  bottom  of  tbe  oeeaa  of  air,  haa  to  (mrrr : 
■Ithough  it  may  at  first  sight  appear  remiukiible  that  the  aaimal  &Bm<'  ahoiild  U: 
witbont  discomfort  to  bear  a  pressure  amoanling  to  aeveral  tons,  yel  it  ia  .;«it«io 
not  only  is  this  the  case,  but  that  our  bodies  are  arranged  so  that  w*  cannnt  eiijt  i 
out  thia  preasore ;  and  aa  an  effect  of  the  vcight  of  the  air,  it  haa  been  eho«n  br 
brothen  Weber,  that  the  human  thigh-honi'  is.  in  certain  positions  of  the  bodi 
tained  in  ita  place,  together  with  tba  ball  aod  socket  hip-joint,  only  by  atmoapj 
preasnra ;  it  u  weU  known  also  that  persoiis  remaining  for  any  length  of  tiise  tt  f 
neighta  abore  tbe  earth's  sartvv  are  inconTenienced  by  hKniorrhage  {h>m  the  i 
eyes,  and  mouth,  owing  to  the  small  blood-vessela,  onsupported  by  the  atmo^ 
preaanre,  being  unable  to  withstand  the  forcible  propulsion  of  the  blood  throngii 

The  relation  aeoording  to  which  the  danaity  of  the  air  diminiahea  in  anceadn 
easily  deduced  from  Ue  well-known  law  of  Hariotte,  that  tbe  deiwity  of  a 
is  directly  proportional  to  the  pre«sure  to  which  it  is  aubjnct ;  whence  it  fiJlows  1 
alterations  of  temperature  and  THriationa  in  the  force  of  ^vitj  at  different  ha 
not  being  eonsidsred,  the  density  diminishea  in  a  geometrical  ratio,  mm  the  heigb 
ereasea  in  an  arithmetical  ratio.  It  has  been  fouid  by  ezperimeDt  that,  when 
barometer  stsods  at  a  height  of  760  mm  it  ia  neceeaaiy  to  aacend  tO-A  BiFtn 
order  to  effect  a  fait  of  I  millimetre  in  the  barometric  colnmn,  or  to  bring  the  ms 
to  atand  at  7fi8  mm.,  or  at  760  '  z^  mia.  Now  we  may  aasume,  without  s] 
eiable  error,  that  tbe  air  throughout  thia  space  of  I0'5  metres  is  of  equal  deo 
at  a  height,  then  of  10-fi  metres  the  pnnnre  ia7flO  -  £^:  bence  the  air  ia  the 
lO'G  metre*  haa  only  a  density  of  =t^  of  what  the  lower  layer  had ;  and  then 
in  ascending  throngh  the  aeeond  lO'fi  metres,  the  banvneter  doee  Dot  bll  1  millin 
bat  only  jg^  of  a  millimetre,  so  that  at  a  height  of  twice  10'£  metrea,  tba  baroo 
wiU  aland  at  760-^  -  !^  -  TSO  ■  (l^)*;  and  aathe  densi^  of  tha  Ihiid  I 
of  lO'JS  metrea  ia  s^  times  less  than  that  of  the  aeeood,  the  bamtnetar  at  tlie  hi 
ofthjeetimealO-6metres,wiUbe760-(|^)'-(^)'-7M-^J-^j',and«M. 

then,  at  two  place*  the  barometa  atauda  reapeetiTd;  at  B  —  760  -  f ^| 
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=^1  ,  their  differecee  ia  eleration  ia  lOSm  ■   (n  -  m);  henee.l 

these  two  equationa  tba  difference  in  hught,  H,  between  theae  two  pointa  iiijaiiMi 

H  =  1B3S3  (log  £  -  log  £^ 
or  in  Enf^iah  fMt 

B  -  60US  (log  B  -  log  y). 
By  meansof  this  formola,  we  And  that  the  pressaK  is  diminished  to  half  its  orii 
•mount,  and  therefore  the  air  expanded  into  double  ita  original  Tolume,  at  a  heigi 
£528  metrea  or  18,136  ft.  above  the  level  of  the  eea,  and  that  at  a  hei^t  of  t 
£628  metrea,  the  preaanre  is  rednced  to  j  of  its  original  amount,  and  so  aa. 

The  mean  temperature  of  the  atmosphere,  like  ita  denaity,  ia  not  itqnal  thttng 
tbe  mass,  bat  diminisbca  as  the  distance  from  the  earth's  siufara  inniiaaia.  to  ths 
a  certain  height  above  the  aea-levsl,  different  for  different  latitudes,  we  arrive 
dm  at  itae  nlulni  bs*WMn  ihaeart 
lai-rr  of  sir  ^  of  SB  bck  la  hMfhi. 
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in^  abore  wliieli  the  menxi  temperature  of  the  air  does  not  rite  higher  thiLn  the  freezing 
;>oint,  and  this  line  is  called  the  level  of  perpetual  snow.     This  regular  diminution  of 
teznporatnre  in  the  higher  regions  of  the  atmosphere  is  to  be  attributed  mainly  to  two 
2&vi«ee :  Ist,  to  the  £ict  that  the  sir  absorbs  but  a  small  portion  of  the  heating  rays  of 
tHe  son  in  their  passage  to  the  earth,  the  lower  zonfs  of  the  atmosphere  being  heated 
by  contact  with  the  warmer  solid  and  liquid  crust  of  the  ^lobe ;  and,  secondly,  to  the 
Lncreiise  of  latent  heat  which  all  gases  undez]^  on  rarefaction,  producing  a  dinunution 
Ln  temperature.    Besides  this  regular  alteration  of  mean  temperature  of  the  yarioos 
Bonee  of  air  abore  the  earth,  the  yarious  portions  of  the  atmosphere  exhibit  great  and 
ronatant  Tariation  in  temperature,  owing  to  the  unequal  heating  effects  produced  by 
th.e  sun  on  the  earth  in  various  latitudes  and  at  various  times.    The  mean  tem- 
perature of  any  plaee,  and  therefore  of  the  air  above  that  place,  is  the  resultant  of  the 
ainount  of  heat  received  from  the  sun,  and  that  lost  by  radiation.    These  two  oon- 
troUing  causes  are,  however,  never  constant,  either  in  the  same  or  in  different  places, 
aj:id  hence  the  temperature  is  continually  varying.    The  chief  factor  representinff  the 
change  of  temperature,  is  the  height  to  which  the  sun  rises  above  the  horizon,  anS,  the 
intensity  with  which  any  point  on  the  earth's  surface  is  heated,  is  proportional  to  the 
eoaine  of  the  sun's  senith-distance  at  that  point;  thus,  in  the  torrid  zone,  the  sun's 
Benith*distanee  varies  from  0^  to  33^*6,  or  the  cosine  from  1  to  0*917,  whilst  in  the 
t-i^mperate  and  frigd  cones  the  cosine  of  the  angle  varies  from  0*930  to  0*367,  and 
from  0*731  to  0.     We  see  from  these  numbers  that,  although  many  otiier  circum- 
atances,  such  as  duration  of  day  and  night,  and  the  thickness  of  atmosphere  through 
iwhich  the  sun's  rays  have  to  pass  affect  the  temperature,  tho  warm  climate  of  the 
torrid  zone  is  not  subject  to  such  variations  as  occur  in  the  other  portions  of  the  globe. 
The  height  at  which  the  mean  atmospheric  temperature  sinks  below  0^  C,  or  the 
lieight  ckT  the  snow-line,  in  different  latitudes,  is  determined  bv  many  circumstances 
l>eaides  those  already  mentioned,  as,  for  instance,  the  geoaraphical  relations  of  the 
countxy,  neighbourhood  of  lar^  masses  of  wat^,  &c ;  thus  the  snow-line  on  the 
northern  tme  of  the  Himalaya  is  found  at  a  height  of  15,600  ft,  whilst  on  the  southern 
■lope  it  rescues  only  12,200  ft.  above  the  sea.    Still  the  general  descent  of  the  line  ol 
perpetual  snow  with  increase  of  latitude  is,  notwithstanding  these  local  irr^gularitieB, 
plainly  seen ;  thus,  under  the  equator,  the  snow  line  is  not  reached  until  15,207  ft., 
whereas,  under  the  latitude  of  60^,  it  is  found  at  3818  ft,  and  in  latitude  75^,  at 
cmly  1016  ft  above  the  sea-leveL 

In  passinff  through  tho  atmosphere,  a  portion  of  the  solar  rays  is  absorbed,  the 
amount  of  this  absorption  depending  upon  the  thickness  of  the  layer  of  air  through  which 
the  rays  pass.  Pouillet  (Pog^  Ann.  zlv.  25  and  481)  concluded,  from  his  own  ex- 
periments, that  when  the  sun  is  in  the  zenith  and  the  atmosphere  dear,  the  amount 
of  the  sun's  heat  which  is  absorbed  by  passing  through  the  air,  varies  from  18  to  25  per 
cent  of  the  quantitf  which  enters  the  atmosphere. 

The  light  of  the  sun  is  also  partially  absorbed  and  reflected  in  its  passage  through 
the  air,  and,  aooording  to  Clausius  (Pogg.  Ann.  Izxii.  294),  out  of  1000  rays  of  direct 
sunlight  entering  the  atmosphere,  750  resSi  the  earth  direct  whilst  186  are  reflected  as 
diffhse  light  ai^S  64  are  absorbed.  For  the  more  refrangible  chemically  active  rays, 
Bunsen  and  Bosooe  have  lately  determined  the  amount  of  atmospheric  absorption  and 
reflection :  for  the  numerical  results  of  these  earoeriments  the  reader  is  referred  to  the 
article  on  the  Chemical  Action  of  light  Besides  suffering  absorption  and  reflection, 
evoiy  ray  of  light  which  enters  the  atmosphere  otherwise  than  perpendicularly  to  the 
limifiTig  Bur&oe^  undergoes  refraction,  or  is  bent  out  of  its  course  in  the  direction  of  the 
denser  medium,  so  that  ss  we  see  the  object  in  the  direction  of  the  tangent  to  the 
curve  as  it  enters  the  eye,  all  celestial  objects  appear  higher  than  they  really  are.  Ac- 
cording to  the  ezpeiiments  of  Biot  and  Arago,  the  refractive  index,  from  the  absolute 
vacuum  into  air  at  0^  C.  and  0*76  m.  pressure  of  mercury,  is  1*000294 ;  and  hence  the 
refractive  power  of  the  air  is  equal  to  0*000588.* 

Owing  to  the  unequal  heating  effect  which  the  sun  produces  on  the  various  portions 
of  the  earth's  sur&ce,  either  fitmi  general  or  local  causes,  the  temperature  of  the 
atmosphere  varies  in  every  part  of  the  p^lobe,  and  in  the  same  part  under^pes 
continual  change,  thus  producing  the  motion  of  masses  of  air  which  we  call  wind. 
Winds  are  invariably  caused  by  the  ascent  of  a  heated  mass  of  air,  and  the  motion  of 
a  colder  mass  to  fill  up  the  space  thus  left  vacant ;  the  former  of  these  gives  rise  to 
currents  in  the  higher  regions  of  the  atmosphere,  whilst  the  latter  prodnoes  the  hori- 
zontal currents  wmch  we  observe  at  the  surface  of  the  earth.  Winds  may  either  be  con- 
fined to  very  narrow  limits,  as  for  example  the  sea  and  land  breezes  seen  on  every  coast 
or  they  may  extend  over  a  large  portion  of  the  globe,  as  is  the  case  with  the  trade  winds. 
The  former  are  caused  by  \o(SL  circumstances  depending  upon  the  unequal  heat-absorU^ 
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ing  tni  ndUting  pcnrir  of  the  aea  and  Und,  whilit  tha  latUr  (Upsnd  s 

' "- ^-^  ■'■--<-•-  >-^ "^--h* 

n  the  udder  pDj 


distributioii  of  tempantim  IhroDf^cnit  the  globe,  being  cansed  I^  th«  riM  of  bot  i 


la  vonld,  if  the  earth  were  at  tt»t,  n 
and  north  to  the  equator ;  bot^  owing  to  the  earth'i  axial  motion  frotn  veet  to  ta 
they  paaa  contiDnaUy  orer  latitudea  having  a  leloci^  of  rotation  greater  UuD  that 
the  euirent,  which  tWefbre  acta  aa  a  reBiBtaiice  towardi  the  Mat,  or  aa  a  north- 
•onth-eurt  wind. 

CtenponAon  of  the  Mnunphere. 
It  waa  not  until  the  jui  177i  iJiat  the  bue  oompontion  of  the  atmoapben  « 
pointed  oat  tgrLaroiaier.  Before  this  time,  the  air  waa  qmken  of  aaooe  cf  th«fi: 
element*,  toRetJiec  with  flre,  earth,  and  water ;  and  it  waa  only  dntiog  the  few  jn 
preceding  this  date  that  the  vagae  impreaeiona  of  ^leenlatiTe  [diilooc^dKm  wm  i 
ebuged  tor  the  carsfol  obeerretiona  of  Pneatley  ud  Scheele,  ^ose  diaarmj 
oxygen  bad  paved  the  way  for  the  knowledge  ot  the  exact  eompoaitiMt  of  the  ato 
a{£ei«.  In  Norembor  1774,  ba-ring  the  adrantage  of  aoqnaintanee  with  nistlr 
pnrioiia  diM0T«ty  of  tba  vital  aii  piui-unal  from  red  preeipatat*^  Larmais'  mnnoanc 
la  the  world  that  the  atmoaphare  eonaiata  of  two  guei^  one  cf  than  being  eaattal 
lifc^  and  the  other  incapable  of  supportiiig  raipinUian  or  eombnatian.  T^eee  two  gu 
he  named  osygm  (J{u,  add,  and  ■ytt  to  giro  lise  to)  and  amtt  (■  nfntirc.  a 
{Wii,  life)  or  niingm,  and  be  found  that  the  fint  of  Iheee  g«M*  oceii|nM  uwnt  oBe4 
by  bulk  of  the  ^moaphere,  the  other  occnpyit^  the  remaining  fcar-dfUu.     Bead; 

theee  two  gaaea,  which  fbrm  by  far  the  luvcet  portion  of  tJia    ' ' 

»  occur  in  the  air,  which  although  dp 
.  .     .t.    .....|,  ^ff 

Mof  very  many  other  bodice  which  may  be  eonaideied  Bi  foreign  or  aoodai 

eonatitueniB,  tneh  a*  nitrio  add,  sulphnrooa  aeid,  carbolic  oxide,  hydroca^onvand  nisi 
•olid  particlr*  which  ace  aeea  floating  about  in  tfaeairby  the  light  of  aniBbeaa. 

SiiiM  the  lime  of  Rieatley,  Schede,  and  Lavoinra',  the  determinatian  of  the  q«ai 
tatiTe  compoaitian  ol  the  atmoepbere  haa  bean  made  the  aalgect  of  expenineiit 
many  ot  the  moat  eminent  chemieta  of  the  preaeot  century ;  but  in  apite  of  th< 
nnmenma  inyeetigations,  the  relatiTe  diitribntion  of  tha  component  gaeea  of  the  oli 
■pha«  ia  itill  but  imperfectly  known. 

At  the  conunencement  of  thia  centunr,  there  waa  nueh  difTarenoe  of  opiiuoD  amon 
adentiflo  men  aa  lo  tha  true  eompoeitiati  t^  the  atmonihrae :  Proot,  Dobeianer.  i 
ThoBiaan  oonaidered  the  atmoaphere  lo  be  a  chemical  oomponnd  of  SO  Totamu 
ongen,  and  80  Tolumea  of  nitrogen,  whilat  Dalton  (Uanctieeto  JSemeixt,  %  f 
TM  I.  p.  344)  ODDtended  that  the  atmoapheie  ia  a  nera  mechanical  itdxXat^  tnit  r 
poaed  that  the  relatiTe  uaounta  of  the  two  gasei  varied  according  to  tfaair  apec 
graritiM  at  different  hdghta  above  the  eaith'a  lur&ce,  the  oijgen  iiia«aaii^ 
quantity  the  nearer  the  aea-level  waa  aniroaehed.  and  the  amount  of  nitregen  b«c 
inglarger  aa  th*diat«oee&om  the  anr&ee  of  the  earth  increaaed. 

That  the  deteiminstiotl  of  the  amount  of  oxygen  which  air  in  diflerant  loealit 
oontaina,  ahould  have  excited  the  intereet  of  men  of  adence  aa  soon  aa  tha  diaeovetj 
the  true  compontion  of  the  air  was  made,  does  not  seem  remubble.  when  we  ban 
mind  the  direct  dependence  of  all  life  upon  tliia  element,  and  the  great  inflnenvr  wit 
even  alight  alteislione  in  the  amomt  of  atmospheric  oxygen  might  produce  on  i 
animal  life  subjected  to  thia  change,  and  hence  Eudtometrf  (tSur,  good.  iVUm,  acnnei 
and  furpib,  to  meaaore),  or  the  mode  of  measuring  the  qnah^  of  the  air,  qoidcly  bra 
a  new  and  impoitantbiiuieh  of  chemical  analysis.  Atfiretaightitappeamlnotmilit 
that  the  unequal  development  of  aainal  life  on  the  various  parta  <^  the  globe,  woi 
•llket  eonaiderable  aHerations  In  tha  compoeilionof  the  air  in  diJAirat  locaKtisa;  s 
thia  idaa  was  borne  ont,  not  only  In  the  well-known  fket  of  tha  unbealthintM  of  i 
ur  of  certain  districta,  audi  aa  crowded  towns,  nanhea,  and  the  like,  bnt  also  hj  1 
eai^ieat  determinative  eiperimenta,  which  shewed  variations  is  the  compoaitioD  of 
of  varioni!  localities  auHranting  to  nearly  10  per  cent.  Thus  f  ontaoa  detemunatl  i 
quantity  of  oxygen  contained  in  air  by  absorption  with  nitric  oxide,  and  obtait 
reanlta  ehawing  trom  IS  to  25  per  cant.-  whilst  Scheele,  on  absorbing  the  uajgm  w 
•nlphide  of  potassium,  or  by  a  mixture  of  sulphur,  iinii,  and  water,  finmd  from 
to  33  per  cent  of  that  gas  present  in  air.  Othfir  experiVientcn.  however,  a 
anxmg  them  Dalton,  Gaj-Lnssae,  Davy,  and  Bonninganlt  found,  on  enapIoTJng  etl 
analyideal  methods,  tiiat  the  amount  of  the  atmospheric  oxygen  varied  but  vei^  ahgh 
in  different  aituationa,  and  that  the  non-acoocdance  of  the  naulla  fbrmnlj  obtati 
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qiMntity  of  oamen  found  bj  Dalton  in  En^h  air  was  from  20*7  to  28  per  cent.,  and 
Gay-Liune  and  Homboldt  found  that  Pans  air  contained  from  21*1  to  20*9  per  cent; 
whilst  Bainr  in  London  obtained  from  20*8  to  21*1  per  cent ;  Thomson  in  Ghueow, 
21*1 ;  and  &iiplfer,  in  Kaaan,  21*1  per  cent  of  ozjgen.  Eiqpenments  made  bj  D^ton 
himMlf  on  the  composition  of  mountain  air,  did  not  tend  to  confirm  his  theory  as  to  the 
diminntion  of  the  zelatiTe  quantity  of  ozjgen  at  sreat  heights ;  and  further  experience 
showed  that  Dalton's  Tiews,  although  theoretically  correct  for  an  atmosphere  of  mixed 
gases  at  resti  are  not  applicable  to  the  air  in  motion :  for  Gbiy-Lussac  and  Th^naid 
anal^TBMl  the  air  which  the  former  sarant  coUected  in  his  celebrated  balloon  ascent  at 
a  he^pfat  of  7000  metres,  and  they  found  that  the  oxjrgen  amounted  to  21*6  per  cent 
agreeing;  ezaetlr  with  an  analysis  of  the  air  of  Pans,  made  in  the  same  war  at  the 
same  time,  both  differing,  however,  owing  to  a  common  error  of  eiqMEiment,  from  the 
exact  result  of  later  obsnrers.  Although  from  these  experiments  we  can  draw  the 
important  oonelusion  that  within  certain  yeiy  small  limits,  the  air  has  throughout  its 
mass  a  oonstant  composition  as  regards  oxygen,  still  the  obsenrational  errors  of  tiiese 
earlier  inrestigatoni  were  laige,  ai^  it  was  evidently  neoessarv  that  the  composition  of 
the  atmo^^ere  should  be  determined  with  all  the  precision  that  modem  science  could 
bestow.  The  more  recent  labours  of  Dumas  and  Bousnngault,  Beg^ult,  Bunsen,  and 
Lewy,  have  attained  this  end  by  help  of  methods  in  which  the  maximum  error  is 
reduced  to  «j^ 

The  analysis  of  air  may  be  conducted  in  two  ways.  Either  by  measuring  the 
volumes  of  the  component  gases,  or  by  determining  their  weight  The  details  of  the  for- 
mer,  or  the  eudiometric  m^od,  are  fully  described  in  the  article  on  Analysis  of  Gases, 
and  this  is  the  method  adopted,  with  slight  variations,  by  Besnault,  Bunsen,  and 
Lewy,  whilst  the  determination  by  weight  Eas  been  employed  by  Dumas  and  Boussin- 
Wwlt. 

For  the  purpose  of  carrying  out  the  analysis  of  air,  these  two  French  chemists 
[Ann.  Ch.  Phys.  [3]  iiL  267],  employed  an  apparatus  in  which  air  previously  freed 
from  aqueous  vapour,  carbonic  aad,  and  ammonia,  by  passing  through  TJ-tubes  con- 
taining sulphuric  add  and  potash,  was  passed  througn  a  weighed  tube  containing 
metaUic  copper  kept  at  a  red  heat,  and  then  entered  an  exhausted  balloon,  the  weight 
of  which  haa  been  accurately  determined.  The  difference  of  weight  of  the  tube  before 
and  after  the  experiment,  was  due  to  the  oxjgai ;  that  of  the  balloon,  to  the  nitrogen  of 
the  air  which  passed  into  the  apparatus.  This  process,  conducted  with  eveiy  possible 
precaution,  showed  the  composition  of  the  atmosphere  to  be : 


1R41. 

27th  April 

28th 

20th 


»» 


i» 


Feree$iiage  4f  otffm  V  We^ki. 
Snail  baDooo.  Large  balloon. 

22-92  22-92 

23-03  2309 

2303  2304 


22-993 


23-016 


or  100  parts  by  weight  of  air,  are  composed  of  23  parts  of  oxygen,  and  77  parts  of 

nitrogen.    From  this  composition  by  weight,  the  composition  by  volume  of  tiie  air  can 

be  determined  when  the  speciflo  gravity  of  the  oxygen  «  o  and  that  of  the  nitrogen 

28        77        100 
s  n  are  given:  for  —  +  —  «  — .    Dumas  and  Boussingault  found,  on  employing 

the  spedile  sravities  as  obtained  l^  Berselius  and  Dulonpf,  that  the  sum  was  not  100 
but  99*76 ;  hence  thev  concluded  uat  these  specific  gravities  must  be  incorrect,  and 
determined  them  again,  obtaining  o  »  1*1057,  and  n  «  0*972,  from  which  the  com- 
position by  volume  of  the  atmosphere  was  found  to  be 

O^gen     -    20*81 
Nitrogen  -    79-21 

100*02 

The  near  approxiination  of  these  numbers  to  the  truth,  has  since  been  proved  l^  the 
very  exact  experiments  of  Bes nault  (seeBemault*s  work  on  Steam,  p.  151 ;  or  Pogg. 
Ann.  Ixziv.  p.  202),  who  has  wown  that  one  Htre  of  air  at  0^  C.  and  0*76  m.  pressure, 
freed  from  moisture,  carbonic  acid,  and  ^twimnmiA^  weighs  1  *293187  grms.,  whilst  one  litre 
of  oxygen,  under  like  drcumstanoes,  weighs  1-429802  grms.,  or  has  a  spedilB  gravi^  of 
1*10563,  and  1  litre  of  nitiogenatO^  C.  and  0-76,  vreighs  1*256167  snn.,  or  has  a  specific 
sravitv  of  0*97137.  In  accordance  with  these  resulSi,  Boussingaub  found  in  air  which 
he  collected  in  South  America,  the  following  percentage  volumes  of  oxygen : 

Air  from  Santa  F^  de  Bogota,  at  a  height  of  2650  m.  above  sea-level    20-65  p.  c  O. 
Ibaqui  „        ,.        1323        „  „  20*70  p.  c.O. 

„  Mariquita  „        „  548        „  „  20*77  p  c.  0. 
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The  endlometaric  aotorminrntionB  of  BnnseD  and  BeeBtnlt  MO  on  tliB  wM*  ta  I 
prefened  to  anj  method  of  uuljms  of  the  air  by  weight,  not  only  fawn  thro  gmt 
accorwj,  but  from  the  riroplidq'  of  the  aniaratDi  employed,  and  the  cue  with  whi 
■maU  Nimplei  of  air  coUected  at  rarioui  tunn  and  in  diffeieiit  loealitua  can  thu 

days  in  Jao — j , 

w»  SO-97  pec  cent,  and  themuumom  2081  per  cent.,  found  a  mean  of  SO-SS  paroF 

^gnanlt  (Aon.  Ck.  Phys.  [3]  hkfL  386)  hu  analnad  a  teTj  )tsf»  inimi 
of  aamplee  of  air  collected  in  Tariooa  quarten  of  tha  globe  in  a  nnifimn  minn 
according  to  infltmrtioni  given  by  him.  Tha  method  of  analyaij  employed  m 
gaTe  aSfference  of  0-01  per  cent  on  the  eame  sample  ot  air.  In  more  than  < 
hundred  analysea  of  air  collected  ia  or  near  Paria,  lUgnault  fonnd  a  maiimcm  acun 
of  20-999  Tola,  of  oxygen,  and  a  minimum  of  20913  or  a  mean  of  20-9«.  ThU  diJl 
race  (^  O'OSS  pet  cant,  is,  according  to  Begnanlt,  too  large  to  be  aocDant«d  tor  by 
peiimental  anon. 

9  Mmplea  from  Lyonf,  Uontpelier,  Kormandy  gave 

tnaa 20-918  to20-flMpj^  ofi 

30  aamplMCoUactad  in  Berlin  eontained      .  .  20-908  „  20-998 

10      „  „  Madrid      „  ...  20-918  „  20-982 

S3      „        &om  Qenera  and  Chamounix    .  .  20  909  „  20-993       „ 

Of  aanateen  aamplea  of  air  oolleeted  in  Toulon  Boads  and  other  parta  of  tlie  M( 
terranean,  flfteeo  gave  aimilar  leenlla  of  20-912  to  20-982  per  cent  exygen,  wbiln  1 
aamplea  collet^  from  Algien  harbour  contained  only  20-42  and  20-396  per  a 
Thia  abnonnal  raanlt  CMUiot  ba  accounted  for,  bat  a  aiiuUi  phenomenon  waaobae- 

6  aamplea  taken  on  the  TOyBge  from  Livecpaal  to  Vera 

Cnu  gave 20-918  to  20-906  p.  c  d 

2  aamplM  &om  Ecuador  in  S.  America  contained         .    20-96  <. 

2  „  tha  anmmit  of  Pichincha,  higher  than 

MontBUuio S0'919  to  20-988 

ilea  collected  in  the  Aaiatic  aesa  from  1848  to  1850,  all  except  two,  g 

"   "    ■■"'  -'      ■   in  the  Bay  of  Bengal  eonlained  0 

March  1840  the  air  from  atore 


20-45  per  ce 

_  ^.  ,    DllBCted  dari  „     „,^  .        ^  ■        „ 

matter,  temperaitiire  36°  C,  when  cholera  woa  coEtunencing,  contained  from  20-3V< 
20-387  percent  of  oiygen. 

Air  collected  h;  Captain  Sir  Jamea  Boss  in  the  Arctic  aeaa  gave  Uie  normal  n 
poaitioQ  from  20-80  to  20-91  per  cent  oxygen.  The  conclaaion  vhlch  Begnaatt  dn 
from  all  IheM  det^cminationi,  is  thut  the  atmospliere  bUowi  perceptible,  thongfa  t 
small,  alteratiooa  in  the  amount  of  oiygen  at  different  timea  and  in  difTerent  pis 
Thia  variation  ranges  from  209  to  21-0  per  cent.,  but  fk)m  apecial  unknown  caowi 
tiopical  countriea.  the  amount  of  o^gen  may  liiik  aa  low  as  20-3  pa  cent  Bonx 
analyaea  of  the  air  in  Iceland  confirm  these  viewi. 

Lewv  (Ann.  Ch.  Phys.  [3]  juiv.  1)  has  also  pnbliahed  a  eerita  of  analyaea  of 
coUscted  from  TBrions  parts  of  the  globe.  The  relative  amounts  of  Diygen  and  nitiDi 
were  delemined  by  Begnault's  eudiometric  process,  and  the  maximam  diAerenn  ' 
tween  the  eompoaition  <tf  the  same  eample  of  air  analyaed  at  different  timea  waa  ^ 
The  air  of  Pana  oontained,  in  a  mean  of  three  eiprrinieiils,  2t-0I4  per  eent.  of  ozv^ 
that  of  Havre  20-888  ^  eent,  whilst  that  coUected  on  the  AUantie  gave  20-96 1  ■ 
21-001  percent,  andin  South  America,  20-996  and  21-022  per  cent  of  oxygen.  He 
we  can  positively  state  that  no  greater  difference  eziits  between  the  comporatkm 
the  atmosphere  aa  legards  oiyeen  and  nitrogen  in  different  latitudes  (aome  few  qi« 
rami  exemtedV  than  ia  tbond  in  the  aame  |»ace  at  different  timea. 

Frankland  (Chem.  Soc.  Qn.  J.  liii.  22)  has  lately  determined  the  compoaitkm 
•ircdlaeted  bjr  oimself  at  different  elevatiooa  on  Hont  Blanc,  via.  at  tlie  Giai 
Hnleti,  at  the  summit  and  at  Chamoonix.  The  concloncn  which  FraaUaad  dri 
fimn  tus  experimental  numbers  ia,  that  aa  far  as  the  nitrogen  and  oxygen  are  « 
cemed.  the  composition  of  these  samples  of  air  falls  within  tlie  limits  of  varisti 
noticed  by  former  experimentsra. 

That  the  air  is  a  mechanical  miitnre  and  not  a  chemical  combinalion  of  oxyi 
and  nitrogen  ia  seen  from  the  following  &cts :  1.  The  amounts  of  oiygen  and  nitnK 
in  the  ail  do  not  present  any  eimple  relation  to  the  combiniog  proportioDs  of  Ih' 
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•lemfliita^  and  art  moreover  Tsmble.  2.  On  mixing  oxygen  and  nitrosen  gases  in  the 
proportion  in  which  they  occur  in  air,  no  contraction  or  evolution  of  heat  is  observed,  and 
the  mixture  acts  in  erery  way  as  air.  3.  When  air  is  dissolved  in  water,  the  proportion 
botween  the  oxygen  ana  nitrogen  in  the  dissolved  air  is  quite  different  from  that  in 
the  undissolved  air,  this  difference  occurring  in  strict  accordance  with  the  laws  of  the 
abeoiption  of  gases  in  liquids  (see  Qasbh,  Absorption  of).  When  water  is  saturated  with 
air  at  any  temperature  helow  30^  C,  100  volumes  of  the  dissolved  air  contain  34*19  vols. 
of  oxygen  and  65'09  vols,  of  nitrogen,  whilst  the  undissolved  air  contains  21*1  per  cent, 
of  oxygen  and  78*9  per  cent  of  nitrogen.  Were  the  air  a  chemical  combination  of 
oxye^n  and  nitrogen,  such  a  separation  by  solution  would  be  impossible. 

The  other  constituents  of  the  atmosphere,  vis.  the  aqueous  vapour,  carbonic  acid, 
ammonia,  and  decomposing  organic  matter,  alter  in  amount  at  various  times  and  in 
different  places,  much  more  considerably  than  the  oxygen  and  nitzogen. 

The  humidity  of  the  air  is  affected  by  many  dreumstanoes,  such  as  temperature, 
distance  from  Tnawww  of  water,  and  configuration  of  the  land  over  which  it  lies.  The 
amount  of  aqueous  vapour  which  any  volume  of  air  can  take  up  depends  entirely  upon 
the  temperature  of  the  air,  and  is  represented  by  the  tension  and  corresponding 
density  of  the  vapour  of  water  in  vacuo  for  that  temperature ;  thus  at  10^  G.  the 
tennion  of  aqueous  vapour  is  9*47  mm.  of  mercury,  and  the  corresponding  density 
0*00000974,  or  1  cubic  metre  of  air  at  10^  C.  is  saturated  when  it  contains  9*74  grms. 
of  water  in  the  form  of  vapour.  It  seldom  happens,  however,  that  the  air  contains  ita 
saturating  quantity  of  moisture,  and  the  amount  varies  extremely  with  the  corditions 
before  mentioned ;  thus,  on  the  coast  of  the  Red  Sea,  during  a  simoon,  the  air  was 
found  to  contain  only  ^  part  of  the  aqueous  vapour  required  to  saturate  it,  whilst  in 
our  moist  climate,  the  air  is  often  saturated  with  watery  vapour.  The  following  table 
shows  the  relative  humidity,  t.  e,  the  existing  percentage  on  the  saturating  quantity, 
as  found  by  Eamtc  in  Halle,  as  a  mean  of  several  years  observations : 


Jan. 

Feb. 

ICsrch. 

ApiU. 

M*y. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Mot. 

Dec. 

860 

79-9 

76-4 

71*4 

e^t 

69*7 

66ft 

61*0 

7«*a 

7W 

86*9 

M*2 

Hence  we  see  that  in  HaUe  the  air  is  most  humid  in  December  and  driest  in 
An^zust. 

The  determination  of  the  aqueous  vapour  contained  in  the  atmosphere  may  be 
made,  either  by  leading  a  known  volume  of  air  through  weighed  tubes  containing 
some  hygroscopic  subs^ce,  as  sulphuric  acid  or  chloride  of  calcium,  or  by  means 
of  hygrometers  of  various  construction,  for  the  description  of  which  the  article 
Htobomxtbt  must  be  consulted. 

The  carbonic  acid  or  anhydride  contained  in  the  air  varies  also  considerably  in 
amount,  though  by  no  means  to  so  large  an  extent  as  the  aqueous  vi^ur.  Many  methods 
are  employed  for  ascertaining  the  quantity  of  carbonic  acid  present  in  the  ateiosphere. 
The  most  certain  method  is  to  absorb  the  carbonic  acid  from  a  known  volume  of  air  by 
passing  the  air,  fr«ed  firom  aqueous  vapour  and  ammonia,  through  weighed  tubes  con- 
taining caustic  potash.  Saussure  (Pogg.  Ann.  xix.  391),  Brunner  (Fogg.  Ann. 
xxiv.  p.  669),  Pettenkofer  (Chem.  Soc  Qu.  J.  x.  p.  292),  Smith  (Chem.  Soc.  Qu. 
J.  xi.  p.  196),  and  Frankland  (Chem.  Soc.  Qu.  J.  xiii.  27),  have  all  proposed  different 
methods,  for  the  explanation  of  which  we  must  refer  to  the  original  papers. 

From  yerj  numerous  observations  made  by  Saussure,  Brunner,  Lewy,  and  others,  it 
appears  that  air  in  the  open  country  contains  quantities  of  carbonic  acid  varying  from 

3  to  10  volumes  in  10,000  of  air.    As  an  average  number,  it  has  been  found  that 

4  vols,  in  10,000  represent  the  usual  composition  of  the  air  as  regards  carbonic  add. 
In  some  few  peculiar  cases,  a  much  larger  proportion  of  carbonic  add  has  been  found 
(as  noticed  by  Lewy  in  S.  America  at  Bo(^ta) ;  but  these  abnormal  results  are  ex- 
plained by  local  drcumstances,  as  neighbouring  volcanic  emanations  or  burning  forests. 
The  air  collected  above  the  ocean  showed  a  small  variation  in  carbonic  acid  between 
d.iy  and  night ;  that  collected  in  the  day  contained  6*4,  whilst  that  collected  during 
the  night  contained  3*3  carbonic  acid  in  10,000  volumes  of  air.  This  observation  is 
easily  accounted  for  by  the  increase  of  the  coefficients  of  absorption  with  the  diminution 
of  temperature  occurring  during  the  night.  Air  above  the  land  also  slightly  changes 
its  amount  of  carbonic  add  at  various  seasons  of  the  year  and  tiroes  of  the  day,  in 
dependence  upon  different  meteorological  alterations,  but  as  yet  experiment  has  not 
decided  the  nature  of  this  dependence.  At  a  certain  elevation  alwve  the  earth's  sur- 
face, the  air,  according  to  Saussure  and  Schlagcntweit,  contains  more  carbonic  acid  than 

FF  3 


p 


!l 


;r  » 


I  n 

I 


V 


t 


J 


11 


h  <  w 

*<'] 


ll 


. « 


ii 


\ 


r 


I 


I 


I 

V 


■  V 


\u 


438  ATMOSFHEBK 

i*  tbsDd  in  the  lower  balti  of  the  stmoapberg;  thi>  ausaae,  whidi  bawmr  t 
not  lugc^  mtbahly  txittm  from  the  decreue  of  TegeUtioD  in  the  bigber  almoephcn 
legioiu.  Ill  the  kir  of  erowded  towmt  or  of  dowd  iahabited  qatee*  (inch  la  dwcUmg 
rooini,&e.),ttie  carbonic  icid  often  riaea  to  ten  titow  the  noniu]  qiunti^,  owing  to  in 
efficieiit  ventil&tion. 

Althongb  the  reUtiTa  amoont  of  4  vols,  of  carbonic  add  in  10,000  toIs.  of  air  u 
peara  to  be  a  Teiy  imall  one,  jet  the  abaolnte  quantity  of  carbon  thna  contatD«d  in  th 
stmoapliera  iaTerj  large,  exceeding  indaedall  thatieeoiit«inedon  the  earth'*  m&cei 
the  eolid  ftom,  in  the  bodiea  of  planta  and  imitnalw,  and  that  finuid  nn^Ar  the  earth' 
•olid  CRut  in  the  owl  fbmutiona.  The  queetion  of  change  in  the  coropodtion  of  th 
eaith'a  atmoephcre  ae  regnrda  caibonie  acid  ij  one  of  vital  intenat  to  all  fbrnu  c 
teiiCTtjial  lifk :  fbr  vhilit  forming  the  stjuile  nntriment  of  the  rcgetabla  worid,  aa 
bonic  add,  when  tnaent  in  certam  qnantitiee,  acta  a>  a  Tinlent  poiaoa  on  the  hi^ 
urden  of  animal  life ;  nor  ia  the  limit  at  which  thia  gaa  begina  to  be  hnitflil  lo  tb 
Hniwfl^  Tmj  &i  removed  from  ths  qnantitj  which  at  preaent  axiata  in  the  etov 
n>here:  to  we  find  that  Leblano  and  Ficlet  awign  a  limit  of  Ave  in  1000  (tm  timi 
the  normal  qosntity),  whilit  ReLd  and  Anott  give  a  ntnch  lower  limit  to  the  doi 
u^nrioua  effect  of  tiui  gu.  Whether  the  atmOTpbere  ii  now  ilowlj  nodsgoii^  ( 
haa  in  pajt  agea  andergone,  any  perceptdble  change  in  the  amoont  of  jta  carbonic  adc 
i»  a  queation  to  which,  owing  to  the  abaence  of  cert&in  and  accurate  data,  vr  an  aa  j^i 
nnitlJe  to  give  an;  vei;  aatiafactory  aniwer.  We  do,  however,  know  that  then  ai* 
great  nmnber  of  canaea  eontinoally  at  work,  aome  of  which  tend  to  incmae  thr  aonai 
of  atmoepheric  carboaic  acid,  wbilit  there  are  otheie  which  tend  to  efiect  a  dinunntu 
in  this  eonititnent.  Whether  the  reanltant  of  Cbeee  ranona  eoDntomcting  inflnencea 
inch  aa  to  keep,  dnring  future  agea,  the  carbonic  add  exactly  at  the  pment  unoanc. 
ia.  with  our  present  knowledge,  impoasible  to  aay ;  but  &om  the  remaika  whidi  fbllci 
it  will  be  seen  that  if  any  alteration  occur,  it  mnat  proceed  with  extreme  alowoeaa 

The  prindoal  causes  which  tend  to  increaH  the  atmoipheric  carbonic  acid  an 
(1)  The  respimtion  of  animals.  (2)  Combustion  of  Testable  carbonised  matoii 
(3)  EibaintiODB  of  carbonic  add  canned  by  volcanic  and  other  intra- terratri 
agencies.  It  would  ^ipear  that  the  quanti^  of  carbonic  add  escaping  ftom  volcan 
vents,  mineral  springs,  and  other  inoi^anic  sourcca  into  the  Btmoaphere  ia  miu 
larger  than  that  pcodnced  by  the  two  causea  fiiat  named.  Acccnling  to  the  calcol 
tiona  of  Po^^ndorff  (naturally  bnt  very  rude  approximations  lo  the  tmtli),  it  aeei 
that,  taking  the  amount  of  carbonic  a^  evolved  by  volcanic  action  to  be  (£□  tin 
larger  than  that  given  off  by  every  kind  of  combnition  of  carbonised  matCTJal.  tl 
quantity  of  cubonic  add  at  preeent  contained  in  the  atmosphere  would  be  doubled  ' 
18S  years,  supposing,  of  course,  that  no  causes  of  diminution  of  were  sctiug.  Th 
■uch  cansce  of  diminatioo  are.  however,  continually  at  woA  we  know.  They  eonsi 
mainly  in  (I)  tlw  decompositian  of  carbonic  acid,  i.  <.  redaction  of  carbon  and  regener 
tion  ca  oxygen,  which  living  vegetables  eScct  in  annlight  (2)  The  ftratiaD  of  carbon 
add  M  eanonate  of  lime  by  the  vital  action  of  certain  animalculn.  givii^  riae 
coral  ivab  and  iitanda,  and  the  whole  of  the  vast  timeatone  depoaita.  (3)  H 
fixation  t^  cwbouic  odd  by  inorganic  chemical  proceHses. 

The  immense  extent  to  which  theae  actions,  particularly  the  second  one,  have  gm 
and  ai«  atill  going  on,  appears  to  justify  the  opinion  that  if  any  change  in  the  amoa 
of  the  atmo^henc  carbonic  add  occoi  at  all,  it  is  more  probably  a  dimination  thi 
an  increase.  Any  conclusions  which  we  can  draw  foim  geological  f^ta,  seam  ratho' 
anniort  this  opimon:  for  it  ia  mote  likely  that  the  air  contained  a  larger  amount 
carbonic  add  dnring  the  depodtiDn  of  the  enormons  carlxmifFraaa  ayatem  when  tl 
vegetation  most  have  been  so  lumriant  and  proftisp,  and  when  few,  if  any,  air-fireathii 
^"'"l^ll  existed,  than  leas  than  at  present.  Still,  we  have  no  right  poeitivrly 
assnma  that  the  air  at  the  time  of  the  deposition  of  the  coal  and  limestone  eontaini 
more  caibouic  acid  than  now :  for  we  know  nothing  of  the  length  of  tiioe  duhng  wtiii 
these  formations  were  in  progress. 

From  the  fbregoing  remarks,  it  is  seen  that  a  eontinaa]  drcnlitian  of  the  atmoapfaei 
carbon  takes  place ;  the  animal  gives  off  the  waste  portion  of  its  body  mainly  is  cs 
bonic  acid,  and  thna  deteriorates  the  atmosphere,  which  would  soon  beeome  Dofil  1 
his  further  use.  if  tiie  vegetable  world  did  not  absorb  the  poiBonous  gaa,  at  on 
retaining  the  carbon  in  the  solid  form,  fit  for  the  aabeequent  nonriahment  of  the  animi 
and  "tl  all  Tig  the  oxygen  wherewith  the  higher  organiam  agaia  removea  his  tpe 
mataiala. 

Having  deacribsd  the  causae  efFfecting  poaaible  variation  of  the  atntosfJurie  carboi 
add,  it  ia  almost  neediest  to  consider  any  change  which  the  ongBO  m«j  tindefgo.  1 
the  atmosphere  becomes  nnfit  fbr  the  sustensace  of  animal  li&  nom  the  preaenca  of 
Kmall  quanti^  of  carbonic  add,  long  before  tbe  oxygen  is  mateiially  diminiahed. 
liowever,  the  carbonic  acid  is  slowly  dccn-asing,  it  may  be  inlemtmg  to  inqniiv  be 
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long  our  flopidy  of  oxygen  will  last  as.  Sach  a  Bpecnlation  has  been  answered,  as  satis- 
fvetorily  as  tae  cirenmstanees  admit  of,  by  Domaa  and  Bouasin^olt  These  chemists 
coicnUted  that  if  tiie  whole  of  the  eaith*s  atmosphere  were  put  mto  a  balloon  and  sns- 
peoded  from  one  end  of  a  balance,  it  wonld  require  581,000  cubes  of  copper,  each  haTinff 
a  side  of  1  kilometre  (1093  Endish  yards)  in  length,  to  be  suspended  at  the  other  end 
to  equalise  the  balance.  Of  Siis  total  weight,  the  oxygen  would  be  represented  by 
134,000  cubes.  Assuming,  from  the  best  diia,  that  a  man  consumes  a  kilogramme  of 
oxygen  per  day,  taking  the  population  of  the  earth  to  be  1000  millions,  and  supposing 
that  the  oxygen  taken  up  by  animals  and  by  putre&etiTe  processes  is  four  times  as  large 
aa  that  consumed  by  human  beings,  and  supposing  further,  that  the  oxygen  given  off 
by  plants  only  coyctb  the  expenditure  of  oxygen  effected  by  other  causes  not  mentioned, 
it  appeatfl,  even  in  this  exaggerated  case,  that  an  amount  of  oxyaen  three  times  as  laroe 
as  that  consumed  in  one  century  by  the  whole  number  of  animMS  existing  on  the  earth, 
is  represented  by  16  or  16  of  the  copper  cubes,  each  having  a  side  of  1  kilometre  in 
lengtlu  or  the  alteration  effected  in  a  century  is  lees  than  ^^  of  the  total  quantity  of  o^- 
gen,  and  is  therefore  altogether  im^predaUe  by  our  most  exact  determinatiTe  methodi 
(See  Dumas  and  Boussingault  (1841)  Ann.  Ch.  Fhya  [3]  ill  267,  388.) 

As  regards  the  ammonia  and  the  organic  impurities  contained  in  the  atmo- 
sphere, we  still  labour  under  the  disadTantage  of  insufficient  experimental  data.  The 
great  difficulty  in  the  estimation  of  these  constituents,  lies  in  the  yery  minute  quantities 
which  are  contained  in  the  atmosphere.  This  difficulty  is  seen  when  we  compare  some 
of  the  statements  put  forward  of  tne  amount  of  atmospheric  ammonia ;  thus  Horsford 
(Ann.  Ch.  Pharm.  Ixxiy.  243),  found  in  1  million  PttrtB  of  air,  47*6  parts  of  ammonia, 
whilst  Bineau  (Ann.  Ck.  Phys.  xlii.  p.  462)  found  in  the  same  quantity  of  air,  from 
0*04  to  O'l  part  of  ammonia  Between  these  extremes,  we  haye  numerous  experiments 
in  which  eyeiy  yariadon  in  the  quantity  of  atmospheric  ammonia  has  been  found.  Al- 
thought  from  the  great  differences  in  the  numeri<»l  results  (maximum  186 ;  minimum 
0*1  paits  of  carbonate  of  anunonia),  probably  arising,  partly  from  errors  of  amalysis  and 
paitiy  frtN&  real  yarialions  in  the  contained  quanti^,  it  is  impossible  to  Hx.  upon  any 
number  as  giying  the  average  oomnositioa,  still  it  is  certain  that  the  atmosphere 
always  contains  ammoniaffal  saltt,  ana  that  rain  (the  first  portions  more  than  the  latter 
portions),  hail,  snow,  and  dew,  all  contain  appreciable  quantities  of  ammonia. 

The  atmospheric  ammonia  {days  a  yery  important  part  in  yegetation :  for  it  is  mainly 
if  not  altogeuer,  from  the  ammoniacal  salts  contained  in  the  air,  that  plants  obtain 
the  nitrogen  which  they  require  for  the  formation  of  seed  and  other  essential  parts  of 
their  structure.  Whether  plants  are  at  aU  able  to  assimilate  the  free  nitrogen  of  the 
atmoephere,  must,  in  spite  of  the  numerous  researches  on  the  subject,  be  considered 
doabtniL  Geoige  Ville  has  for  some  time  asserted,  founding  his  assertion  on  a  large 
number  of  elaborate  experiments,  that  plants  can  absorb  and  assimilate  the  free  atmo- 
spheric nitrogen.  Boussingault,  on  the  contrary,  from  his  own  extensiye  inyestigations, 
(Lniet  Ville*s  conclusions,  affirming  that  it  is  from  nitrogenous  compounds  alone  that 
plants  can  assimilate  the  nitrogen.  The  commission  of  the  French  Academy,  which 
was  deputed  to  examine  the  question  under  the  direction  of  Cheyreul,  reported  in 
Ville's  foyour,  although  some  doubt  as  to  the  estimation  of  the  ammonia  contained  in 
the  distilled  water  UMd,  was  expressed.  Still  more  lately  Lawes,  Gilbert,  and  Pugh, 
have  investigated  the  subject  with  great  care,  and  find  that  plants  growing  in  an 
Htmosphere  and  on  a  soil  free  from  ammonia  or  combined  nitrogen  in  other  forms, 
do  not  contain  more  nitrogen  than  the  seeds  from  which  they  grow.  In  the  state  of 
uncertainty  m  which  such  oontradictoiy  statements  leave  us,  we  may,  however,  be  certain 
of  one  fact  in  which  all  the  experiments  agree^  namely,  that  whetner  or  not  plants  can 
assimilate  small  quantities  of  frree  nitrogen,  it  appears  that  plants  growing  in  air 
perfectly  free  from  ammonia,  do  not  flourish  to  anytmng  like  the  same  extent  as  plants 
living  in  an  ammoniacal  atmosphere. 

Concerning  the  remaining  oonstitnento,  and  especially  the  orfi;anic  putreseent  matters, 
our  present  knowledge  is  even  less  satisfactory  or  positive  than  is  the  case  with  the 
ammonia.  Within  a  very  recent  period,  we  wen  unacquainted  with  any  method  for 
determining  the  presence  of  ozgamc  putrescent  matters ;  and  even  the  very  important 
and  ingenious  method  lately  proposed  by  Dr.  R  Angus  Smith  (Chem.  Soc.  Qn.  J. 
zi.  p.  196^  requires  mudi  extension  and  |(eneral  ap^cation  beforo  we  can  arrive  at 
a  knowleoge  of  the  exact  qualitatiye  distribution  of  the  organic  impurities.  Smith's 
method  (for  the  details  of  which  we  must  refer  to  the  paper),  dq)ends  upon  the 
reducing  action  whicii  solid,  liquid  or  gaseous  organic  putrescent  matter  effects  on  per- 
manganate of  potassium.  The  strength  of  the  test-solution  is  determined  by  adding 
it  to  a  solution  of  sugar  of  known  composition,  until  the  colour  of  the  permanganate 
remains  permanent ;  and  the  same  reaction  performed  with  the  air  under  examination, 
ahowB  the  quantity  of  eoatained  organic  matter.    In  this  way,  Smith  has  detected  great 

FF  4 


I 


■ 


.  ! 


4 


I 

3 


I 


I   i     ■ 
I   _    - 


440  ATOMIC  VOLUME. 

diflbraieM  batWMn  the  tur  of  nrioiu  toealitiea.  The  air  from  high  eomttry  gniimd 
mi  found  to  contsin  1  grain  of  organic  matter  in  200,000  nibic  inebes  of  air,  vtiilil 
tilt  ait  from  a  ceoapool  costained  the  ume  qiuntity  of  oigauie  cutter  in  00  rabk 
inches  of  air.  In  a  a&nitarr,  aa  veil  aa  in  a  purtly  Kientiflc  point  of  vie*,  it  ii  diffl' 
cult  to  OTer-eatimBte  the  importance  of  thii  aunple  method  tor  delenainiiig  the  oiganii 
impohties  which  air  contains  ;  and  if  fbtan  reanuvh  cooflim  ita  aDplicabilitj  to  ill 
eaus,  it  vill  prove  an  invaliuhle  inibuinant  in  the  handi  of  the  phjiiciui  and  thi 
umtaij  relarmsr. 

Beeidea  the  constituentji  already  mentioned,  air  eontaina  minnte  qsaotitin  »' 
nitrateai  hjdnKarbono,  anlphuroni  and  anlphiiric  acida,  and  accordinff  to  BOmr 
chemiate,  iodine,  bnt  tbia  bai  been  latel;  denied.  Oiooa  alio  occma  in  the  atm^i 
sphere  in  veir  amall  amonnta,  vaiTin^  horsver,  eitremelj  widi  the  aitnatiaD  vk 
meteoiologii:al  conditions  of  the  pisoe.     (See  Otobb.) 

The  aCmosphare  of  the  ocean,  as  veil  as  of  the  massCT  of  freah  nter  oeenmng  oi 
the  ealth'*  ani&ce,  is  subject  to  the  aame  changes  from  the  eiiitence  of  animal  an 
veget^delift,  aa  the  e«rtB'i  gMecos  stmoapbere.  ThenlativeproportioDbetveen  tbi 
gases  diaaolTod  in  ths  TBter  ia  fixed  in  aeeordanoe  witb  the  lav  of  absorptinn.  am 
many  impoitant  and  interaating  oondoaiona,  such  as  the  relative  increiee  of  divolT.-. 
oi3rgen,  or  diminution  of  temperature,  enabling  mammalia  to  lire  in  the  polar  bnt  mri 
in  the  tropical  aeaa,  can  be  drawn  from  an  appucation  of  tJi»e  lawm  to  the  atmosphm 
of  the  sea.  The  equilibrium  between  the  coostituenta  of  the  diasolved  atmosphrn 
kept  up  by  animal  and  vegetable  life,  ia  well  illuBtrated  by  the  vivaria  now  so  commnii 
which  were  fiiet  introdaced  by  Mr.  Warington. 

The  air  of  towns  and  close-inhabited  epaees,  becomes,  as  has  bwn  stated,  oftri 
OTercbarged  with  carbonic  acid  and  other  imporitiea.  The  amount  of  caibonic  ac'u 
preaent  in  dwelling-rooms,  &c.,  baa  been  msde  the  subject  of  experiment  by  LebliQ' 
[Ann,  nh,  Phys.  [3]  v.  223;  zxril  373),  Pettenkofsr  {Cbem.  Soc.  Qu.  J.  i.  29!) 
Roscoe(Chem.Soc.  Qu.  J.  x.);  and  Smith  (Chem.  Soc  Qu.  J.  xi.  196).  The  nuii 
reanlta  maf  be  Btated  to  be:  (1)  that  in  rooms  which  are  not  thoroogMj  ventilated.  Ui 
amount  of  carbonic  acid  may  rise  from  I  to  7  volumes  ia  1000  of  air;  (2)  tiat  in  wel 
ventilated  rooms,  the  amount  of  carbonic  acid  should  not  rise  above  0-8  in  liXXi 
(3)  that  ia  ordinaiy  dwellings,  or  even  in  school-  or  barrack-rooms,  the  carbonic  arid  • 
diniised  uniformly  thrauahout  the  space,  in  whatever  parli  of  the  room  the  exit  la 
deteriontdd  air  is  placed,  though  ia  the  exaggerated  case  of  crowded  theatm,  t  h 
air  at  the  bigheat  part  of  the  building  was  found  to  contain  more  carbonic  acid  tin 
the  air  at  the  level  of  the  stage.  For  other  intereeting  detsil^  we  mnat  Trier  to  tb 
iviginal  papers,  or  to  the  article  on  Vx)rm.aTioi>.  H.  B.  R. 

ATOMIC  TOXiVMMi  ^leeifie  volunu;  fdjiavatenl  volumt;  Melxtdar  volvm 
—  The  atomic  or  spedflc  volume  of  a  body  ia  the  apace  occupied  by  a  qaantitr  i 
it  proportional  to  ita  atomio  weight,  and  ii  tJierebre  excreoed  by  Uie  quotient  of  th 
•tMnia  vaig^  divided  by  the  weight  of  a  unit-volume,  uiat  ii  by  the  specific  gravity 

...        ,  atomic  weight 

Atomic  volume  —  ■ 1^ ^=-t— 

specific  gravity 

It  must  not,  however  be  supposed  that  the  atomic  volumes  repioent  the  relatii 
volnmet  cf  the  actual  material  atoms  of  different  bodiee.  For,  regarding  anv  iul 
ttauee,  eolid,  liquid,  or  gaseous,  aa  an  aggregate  of  material  partielea  capable  < 
moving  amongst  tbemaelvea,  it  ia  impossible  to  suppose  these  particle*  to  be  in  acfuj 
eoatact  and  to  All  up  the  entire  volume  of  the  body :  we  must  suppose  them  to  \ 
separated  by  certain  intervals :  consequently  the  specific  gravi^,  ijid  therefore  ah 
the  ^wciflc  volume  of  the  body,  will  depend,  liiirtJy  on  the  relative  weigbta  of  tho 
atoms,  partly  on  tbe  number  of  them  contnined  in  a  given  space,  and  thoefore  on  tt 
magnitude  of  the  interstitial  apacsa.  UnlesB,  therefore,  the  spscei  are  either  inflnilel 
amall  in  comparison  with  the  magnitude  of  the  atoms  theniselvea,  or  bear  the  lan 
proportion  thereto  in  all  bodies,  it  is  impossible  to  determine  the  relative  volumes  i 
tbe  actoal  material  atoms :  for  we  have  no  means  of  sscertaioiiu  tbe  proportii^ 
between  the  siie  of  tbe  atoms  and  of  the  intervening  spaces  in  etck  particniar  caa 
The  atomic  volume  of  bodiea  must  Iherefbre  be  underatood.  aa  the  spaces  oenqued  \ 
aggregates  of  atoms  (including  the  interatitial  spaces),  whoae  wughta  aie  pioportioni 
to  the  atomic  waighte  of  the  bodies. 

i»  the  atomic  weights,  or  multiple*  thereof!  npfeaent  the  proportions  in  wbic 
bodiea  combine  by  vai^t^  M  likewise  do  tbe  atomie  volumes  or  multiple*  Ihem 
indicate  the  proportiona  in  which  they  unite  by  volume,  thui :  ths  atomic  nilame  i 
iodine  being  ^  J  -  267,  and  that  of  silver  >  ^^  -  10'2,  wa  infer  that  3fi-7  vol 
iodine  unite  with  102  vols,  silver  to  form  iodide  of  silver.  AgL 
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TIm  oombaw  rcpraiMwiting  tli«  atomic  TolomeB  of  bodies  wy  aoeozdixig  to  the  «m«« 
^  atomie  weight  and  apecxfle  grayity  chosen,  and  aocoFding  to  the  particalar  yalnea 
■wngned  to  the  atomie  weights.  Thus,  if  the  atomic  weight  of  hrdroffen  be  equal  to  1, 
that  of  chlorine  »  M'fi,  and  ci  solphnr  »  82,  the  atomic  weight  of  hydrochloric  add 
(HGl)willbe36*5,  andthatofsiilph7dricacid(H%)a34.  Now  the  spedfle  gzaTitj 
of  hydrochloric  acid  sas  referred  to  air  as  nnitj  is  1*264,  and  that  of  snlphydne  add 
is  1'177.    Henoe  we  have : 


AiomicToliimeof  HQ  ■* 


»f 


H*S 


366 

1-264 
84 

1177 


»  14*44 


-  14-44 


It  on  the  other  hand,  we  adopt  hydrogen  as  the  standard  of  specific  grarity  ibr  g«ses^ 

that  of  hydzx>chloric  add  is  18-26,  and  that  of  sulphydric  add  is  17,  in  each  case 

half  the  atomic  weight    On  this  hypothesis,  therefore,  the  atomic  rolnmes  of  both 

gases  are  expressed  oy  the  number  2.    Again,  if  cosunon  ether  be  represented  by  the 

formnla  C«H>K)  [0  «  12,  H  »  1,  O  »  16],  its  atomic  we^t  is  74 ;  and,  its  specific 

gravity  in  the  gsseoos  state  being  87  (referred  to  hydrogen),  its  atomic  volnme  in 

74 
thatstateia^  a  2,  and  in  the  liqnid  state  (specific  grsTity  at  QP  referred  to  water), 

74 
its  atomie  yohune  is  g;=^  —  100*41.    But  if  ether  be  represented  by  the  formula 

OWO  [C  «  6b  H  -  1,  O  «  8],  then  its  atomie  Tolnme  in  the  gaseous  state  will  be 

87  87 

^1-1,  and  in  the  liquid  state  ^3=^  —  60*206.    The  atomic  Tolumes  of  gases  and 

Tapours  are  calmlated  from  the  spodfic  gravities  referred  either  to  hydrogen  or  to 
atmospheric  air ;  those  of  solids  ana  liquids  from  the  spedfic  gravities  referred  to  water 
mm  unity. 

Aiomio  Volunui  0}  €hue$. 

According  to  the  system  of  atomic  weiehts  adopted  in  this  work,  equal  volumes  of 
different  elementary  gases  are  supposed  to  contain,  for  the  most  part,  equal  numbers 
of  atoms  of  their  respective  elements,  so  that  the  atomic  wdght  of  each  body  in  the 
gaseous  state  is  the  weight  of  a  volume  of  the  gas  equal  to  that  of  a  quantity  of  hvdro- 
gen  whose  weight  is  taken  as  unity ;  in  other  words,  the  atomic  weights  of  the  simple 
gases  are  expressed  by  the  same  numbers  as  their  spedfic  gravities  referred  to  hydro- 
gen  as  unity.  This  is  sometimes  expressed  by  saying  that  an  atom  of  each  elementary 
gas  occupies  ow  volume.  The  only  exceptions  to  this  law  are  presented  by  phosphorus 
and  arsenic^  whose  densities  in  the  gaseous  state  are  double  of  what  they^  snould  be  if 
they  followed  the  law ;  and  by  selenium  and  tellurium,  whose  vapour-densities  have  not 
yet  been  ascertained  with  oertainlr.  Sulphur-vapour  was  formerly  supposed  to  have 
a  density  three  times  as  great  as  that  which  the  general  law  iust  stated  requires,  but 
VBOent  experiments  have  shown  that  it  conforms  to  the  general  law.*' 

The  atoms  or  molecules  of  compound  bodies  in  the  gaseous  state  occupy,  for  the 
most  part,  twice  the  volume  of  an  atom  of  hydrogen  or  other  simple  gas ;  in  other 
words,  the  number  of  molecules  of  a  compound  gas  contained  in  a  given  space  is  half 
the  number  of  atoms  of  hydrogen  which  would  he  induded  in  that  same  space.  Con- 
sequenUy,  the  spedfic  gravity  of  a  compound  gas  or  vapour  referred  to  hydrogen  as 
unity  is  equal  to  half  the  ^atomic  weight  Thus,  the  atomic  weight  of  hydrochlorie 
add  (HCl)  is  86*6,  and  its  specific  gravity  referred  to  hydrogen  is  18-26 ;  the  atomic 
weight  of  ammonia  (NH')  is  17,  and  its  specific  gravity  referred  to  hydrogen  is  8-6. 
(For  the  fiirther  development  of  this  law,  and  for  certain  exceptions  to  it,  real  and 
apparent,  see  the  artide  Atoioc  Wbxohts.) 

The  mode  of  stating  these  laws  of  gaseous  atomic  volume,  must  of  course  be  modified 
according  to  the  system  of  atomic  weights  chosen.  On  that  which  has  hitherto  been 
most  generally  adopted  (H  »  1,  0  »  8,  i9  «  16,  &c.),  some  of  the  dementaiy  gases, 
riz.  chlorine,  iodine,  bromine,  nitrogen,  and  mercury  are  supposed  to  have  atomic 
volumes  equal  to  that  of  hydrogen,  while  oxygen,  sulphur,  phoephorns,  and  arsenic 
have  atomic  volumes  only  half  as  great.  The  former  are  generally  called  twO'Volume 
gases,  and  the  latter  one-voiume  gases,  the  volume  of  oxygen  being  taken  as  the  unit. 
On  the  same  system,  ihe  molecules  of  most  compound  bodies  in  the  gaseous  state  are 
said  to  occupy /mr  volumes. 

*  Aceordlnc  to  the  atomic  waightt  now  adopted,  the  Tapour-denftitlri  of  ia«»rcurr  and  cadmhim  are 
ealy  hair  tfaeU  re«pectiT«  atomic  weight*,  that  of  mercury  bring  100  and  that  ot  cadmium  K. 
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ATOMIC  TOLCME. 

Atomie  FbiariKt  of  Ufuidt  and  Bo&U. 


Alonlr   Atomic 


2'6— 287.  Wohlat;  a-fiT,  Darille. 

673,  UaiiiJuod  and  Sclieaer;  Kopp. 

fi-S3,  Konten;  S-6T,  Herapnth. 

9-30,  Uarchand  rmd  Seheerer ;  S^S,  Kopp. 

Liquid :  3'ig,  Pierre  ;  2-9E>,  Lowig. 

S-69,  StTomeTeTi  8'4£,  Ka^ 

I'fiB,  Banseii. 

Diamond:  3-fil,  BiiaBon. 

Grapiite:  232,  Earatan;  3-27,  "-[T"** 

Liquid:  1'33,  P«niday. 

Till,  BuDKD  and  FnoUaud. 

19,  Broimer ;  B'Sl,  Btneliiu. 

'9G,  M uchuid  ind  Schseiv ;  8->S,  Eofp 
ai,  Debray. 

1931,  Q.  Bom;  19-26,  Biuwn.' 
4-91.  Ov-LonM. 
21-80,  Em. 

7-S4,  Braliag;  7-79,  Euitan 
11-39,  Kumtes;  11-33,  Kopp. 
0-69,  Bmuen. 

-71,  Bmuea;  1-70.  Eopp. 
8-03,  Baelimuui ;  8-01,  John. 
Liquid:  tS'BO,  Begnuilt,  Eopp. 
8-62—804,  Bnchholi. 
S'60,  Bnnmer)  8-82,  Tlif^ati. 
11-SO,  WolkatoD. 

YtUev:  1-84,  SchroUer;  I'SS,  Eopp. 
Bed:  1-96.  Schrotter. 
21-5,  Walluiom  Ben^w 
0-SS,  Oaj-Iaau  tod  TheoHd. 
110,  Wolluton;  113,  Cknd. 
AmoTjiliout:  4-28,  Sehal^otaA, 
Granular :  4-80,  Schaf&otjcli. 
Grapkitoidal:  2'49, WcSilar. 
10-4,  Ksnten,  10-f7,  O.  BoM. 
0-97.  Qsj-Lomac  Bod  Thelard. 
2-94,  BnuMQ. 

TUmilrie :  2-07,  Mftrehuid  aad  SehMcar,  Ei 

MoTuxiiiiie:  1-98.  Hareliuid  *ad  Seheenr. 

6-24,  Beiwling;  8' 1 8,  Lore. 

7-29,  Kantea;  7-80,  Eopp. 

17-2,  Allen  and  Aiken;  17*t— 18-S,  WoUa 

18-4,  FiligoL 

7-13,  Eopp;  71— 7-3,  Boll«j. 


The  Dnmben  in  the  third  column  of  tliii  tkblf,  do  not  exhibit  lie  umplia^  a 
ion  which  odita  between  the  itomic  inilaniei  of  gaaaoni  bodies.  There  an,  in 
reral  oxuea  which  interfere  with  the  exiitence,  or  at  leaat  with  Uu  obasmtia 
ch  simple  relationB  between  the  atomic  volamee  of  eolid  and  liqnid  elemtoiti. 
e  fint  place,  the  drnaitiee  of  thi««  of  them,  Tia.  marcarr,  bromiiie,  and  cUorina 
ch  aa  belong  to  them  ia  the  liquid  Mate,  whereaa  the  H«»i«iijj«  aaalgned  to  alJ 
hat  have  Mien  detennined  in  the  aoUd  iitale.  In  iiolida,  moreorer,  the  denai 
BOtlr  affitcted  b]>  the  itete  of  aggregation,  whether  CTyBtsUine  or  amoridi 
moipluHia  bodice^  each  form  has  a  density  pn-nltsr  to  ilH-lf.    Further,  ai 

J,  Ci,n,*c  a 


ATOMIC  VOLUMK 


448 


Uqaidi  ara  Tariooaly  aflbeted  hj  heat,  each  haying  a  peculiar  rate  of  expamion,  and 
that  rate  being  diilerent  at  different  temDeratores,  it  la  not  to  be  expected  that  their 
atomic  Tolnmee  ahoold  exhibit  simple  relations,  onlese  they  are  compared  at  temjoe- 
ratmea  at  which  they  are  similarly  affected  by  heat  Even  gases  are  ibnnd  to  exhibil 
abnonnai  atomic  Tolnmes  if  compared  at  temperatures  too  near  the  points  at  which 
they  pass  into  the  liquid  state.  In  liqnids,  the  simplest  relations  of  atomic  Tolome  are 
founa  at  those  temperatures  for  which  the  tensions  of  the  vapours  are  equal  (Kopp) ; 
and  in  solids,  the  melting  points  are  most  probably  the  comparable  temperatures. 
Now  the  specific  gravities  of  most  of  the  solid  elements  in  the  preceding  table,  have 
been  determined  at  mean  temperatures  (as  at  16^*6  C),  which,  in  the  case  of  potassium^ 
aodium,  phosphorus,  and  a  few  others,  do  not  differ  greatly  from  the  meltmg  points, 
bat  in  otner  cases,  as  with  sold,  platinum,  iron,  &c.,  are  removed  from  the  melting 
points  by  very  long  intervab.  In  spite,  however,  of  these  causes  of  divergence,  tha 
atomic  volumes  of  certain  analogous  elements  are  veiy  nearly  equal  to  each  other :  vis. 
those  of  selenium  and  sulphur;  of  chromium,  iron,  cobalt,  copper,  manganese  and 
nickel ;  of  molybdenum  ana  tungsten ;  of  iridium,  platinum,  palladium  and  rhodium; 
and  of  gold  and  silver. 

2.  Of  Idgnld  Oompomida.  The  relations  between  the  atomic  volumes  of  Uquidi^ 
have  been  investigated  chiefly  by  H.  Kopp  (Ann.  Ch.  Pharm.  xcvL  153, 303,  c.  10). 
The  atomic  volumes  of  liquids,  as  already  observed,  are  comparable  only  at  temperatnrea 
for  which  the  tensions  of  their  vapours  are  equal,  as  at  the  boiling  points.  If  tha 
atomic  weights  are  compared  with  the  densities  at  et^ual  temperatures,  no  regular  re> 
lations  can  be  perceived ;  but  when  the  same  comparison  is  made  at  the  boiling  pointa 
of  the  respective  liquids,  several  remarkable  laws  become  apparent.  The  density  of  a 
liquid  at  its  boiling  point  cannot  be  ascertained  by  direct  experiment ;  but  when  the 
density  at  anv  one  point,  say  at  16*5^  C,  has  been  ascertained,  and  the  rate  of  ex- 
pulsion is  also  kncnm,  the  doisity  at  the  boiling  point  may  be  calculated.  (Sea 

EXPAHSIOII.) 

Table  A.  contains  Kopp*s  determinations  of  the  atomic  volumes  of  several  liquid* 
containing  carbon,  hydrogen,  and  oi^gen,  at  their  boiling  points.  The  atomic  weigphta 
are  those  of  the  hydrogen  scale.  The  ealculaUd  atomic  volumes  in  the  fourth  column 
are  detennined  by  a  method  to  be  presently  described ;  the  ohserved  atomic  volumea 
are  the  quotients  of  the  atomic  wei^ts  divided  by  the  specific  gravities  at  the  boiling 
referred  to  water  as  unity. 
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Tabu  A. 
oimtotfitii^  Cairhtm^  ^j^drogm,  and  Oxygen, 


o 


Bensene. 
Ojnnene .        . 
luwhthalin 
Alaehyde  .    . 
Valenddehyde 
Bitter  almond  oil 
Cuminol 
Tetryl    . 
kA.cetone . 

rWater    . 
Wood-spirit 
Alcohol  . 
Amylic  alcohol 
Phenylic  alcohol 
Benzylic  alcohol 
Formic  add    . 
Acetic  acid 
Propionic  acid 
Butyric  acid  . 
Valerianic  acid 
wBenaoieaeid  • 


Formula. 


cm* 

C"H« 

C»H»*0 
CH'O 
C"H«0 

C»H«0 

HK) 
CH*0 

C»H»«0 

CHK)« 
0»H*0« 
CHW 

(TH-O* 


Atmnlc 
Weight. 


78 
134 
128 

44 

86 
106 
148 
114 

68 

18 

32 

46 

88 

94 

108 

46 

60 

74 

88 

102 

122 


AComle  VoliiiiM  at  the  Boiliag  Point. 


Cftlculated. 


99*0 
1870 
1640 

66*2 
122-2 
122*2 
188-2 
187-0 

78-2 

18*8 

40-8 

62-8 

128-8 

106-8 

128-8 

42-0 

640 

860 

1080 

130-0 

1300 


OtaMTTOd. 


960...  99-7  at 
183-6...186-2 
149-2     .     . 

660...  66*9 
117-3...120-3 
118-4    .    . 
189-2    .    . 
184-6...186-8 

77-3...  77-6 


80^0. 
176 
218 

21 
101 
179 
236 
108 

66 


18-8 

.  • 

>» 

100 

41-9.. 

.  42-2 

tf 

69 

61-8...  62-6 

*> 

78 

123-6.. 

.124-4 

n 

136 

103-6...104-0 

f> 

194 

123-7 

.  . 

If 

213 

40-9...  41-8 

•f 

99 

63-6...  63-8 

n 

118 

86-4 

.  . 

ft 

137 

106-4...107-8 

It 

166 

130-2...131-2 

tt 

176 

126-<> 

•  • 

M 

263 

J: 


ATOMIC  VOLUME. 


iu«il,Vgl«™MU,Bolll.,P«. 

"—•■ 

f™^.. 

w.irii 

CUnilind 

ObHTT^ 

-ElliyUe  atliiT .        .        . 

C<H'*0 

74 

106-8 

106«...10«-»  at   M»C 

Acetic  tnhydride    .        . 

0-H'O' 

102 

109-2 

109-9...1101  „  158 

Foimate  of  methyl 
Autat«oftaethTl  . 
Formate  of  ethyl     . 

(?H«0' 

60 

64  0 

63'4     .    .     „    S6 

CH-O' 

74 

860 

837...  868  „    65 

C^K)' 

7* 

86  0 

B4-9...  867  „    SS 

AceUte  of  ethyl      . 

CHK)' 

S8 

108-0 

1074...1O7-8  „    74 

Butyrate  of  methyl 

CH"0' 

102 

130-0 

12S7...127-3  „     91 

Propionate  of  rthyl 

CH-'O" 

102 

130-0 

126-8     .     .      „     91 

s 

Valerate  of  mettvl.         . 
Bntyrate  of  ethyl    , 
Acetate  of  teHyl     . 

CH"0" 

116 

152-0 

148-7...149-fl  „  113 

n 

CH"0' 

116 

162-0 

HBl... 149-4  „  111 

i 

CH'-O' 

116 

1620 

149-8    .    .     „  113 

Fomateofamyl     . 

CH'-O* 

116 

1620 

149-4...160-2  „  113 

Valerate  of  ethTl     . 
Acetate  of  amy)      . 

CH"0" 

130 

174-0 

173'6...I73-6  „  131 

130 

174-0 

17SS...176-6  „  111 

Valerate  of  amyl     . 

C'*H*0' 

172 

2400 

2441    .    .     „  ISS 

Benioala  of  methyl 

CH-O' 

136 

162-0 

14g-6...160-3  „  190 

Benzoale  of  ethyl    .        . 

CH»0> 

ISO 

1740 

172'4...174-8  „  209 

Benioate  of  urayl    . 

C"H"0' 

192 

240-0 

2477    .    .     „  268 

Cinnamate  of  ethyl 

C"H"0' 

17fl 

207-0 

2113    ....  360 

O  -Add  aalicjlite  of  nwtlljl 

CH'O' 

162 

169-S 

166-3...167-0  „  a2J 

M    Lwbooate  of  ethyl. 
W     OiaUtoofmathyl  . 

CH'-O* 

119 

137-8 

138'8...139-4  „  1« 

CH'O' 

lis 

IIT-O 

116-3    .     .     „  163 

"     OiBlsteofethjl      . 

CH"0' 

146 

lSl-0 

188-8...107-I  „  188 

J;[Sucein«teofeliijl  . 

CH"0' 

174 

2060 

309-0    .    .     „  317 

A  eomparuOD  of  the  nnmban  in  this  table,  leads  to  the  followiiig  mnlta :  — 
I.  Differaicet  of  atomic  vohtiae  an  tn  ntimenna  inttjmcei  proporHonal  le  lie  d 
fsmtat  betaetn  iht  corrtiponding  chemieai  formula.  — Tbna,  liqoida  whose  farmc 
differ  by  n .  CH*,  di&er  in  atomic  Tolome  by  n .  22  ;  for  example,  the  atomic  Toloma 
formate  of  methyl,  CH'O',  and  butyrele  of  etiyl,  C*H^',  differ  by  Dearly  4  .  : 
Acetate  of  etLyl,  C<H*0*,  and  bu^rate  of  methyl,  CH'*0'.  vhoee  foimolB  ditta 


Ab»'",  by  eomparing  the  atomic  Tolnioea  of  analogoiu  chlorine  and  hroa: 
compounds,  it  is  found  that  the  lubatitntion  of  1,  2,  or  3  atoms  of  bromine  for 
eqmTalent  qauitity  of  chlorine,  iDdeases  tLe  atomic  volnme  of  a  ramponnd  bj  on 
twice,  at  three  times  S.  Thia  trill  be  seen  by  eompanng  the  atomic  ToImaM  of  PJ 
andPC!';  CH'Brand<?H'Cl,*c.    (Table  C.) 

2.  /Hwurto  liqmdt  bdongiiig  to  tin  Mame  »liemicai  Ij/pt  Anw  tqual  atomie  volama. 
The  atomic  Tolnme  of  acetic  add,    ^     |ois    between    63'6    aad    63-8;    that 


;!Oif  63-4;  Hie  a 


le  of  bnlyiie  add, 
1  O'?^), 


between  106'4  Uld  107'8;  that  (tf  acetate i^  ethyl,  ^^  0  is  between  107'4  ■ 
107-8. 

3.  In  lijuidt  oftitMoituehamicallfpt,  lii  rtplaeemaU  a/kj/drMtn  byantpaval 
juaraiii/  of  oxygen  (that  ia  to  aay,  of  1  pt.  of  hydrogen  by  8pt8  of  oxygen),  majua  i 
a  flight  atteratum  in  tA»  atomie  volumt. — This  may  be  seen  by  comparing  the  atot 
TolumM  of  alcohol,  C'H'O,  and  acetic  add,  CH'O' ;  of  ether,  CH^'O,  acetate  of  eti 
CH'O',  and  anlijdroas  acetic  add,  CH'C ;  of  cymene,  C"H",  and  comiool,  C^H'^ 
The  alteration  Onuod  by  the  snbatitatioD  of  0  for  H*  is  always  ui  inereaM. 

4.  In  liquidt  of  tit  tame  chemical  tyve,  tie  tvpiacemenl  0/2  at.  B.  ^  I  at  C  {1 
by  weight  of  hydrcnen  by  6  parts  of  carbon)  maktt  no  alteration  in  tie  atomie  totm 
^Soch.  for  Piample,  is  the  ease  with  benaoate  of  Fthyl,  CH"0*,  and  nirnte 
etiiyl,  C'R"0=,  nnd  with  1h«  rorrc^sding  benzoafcs  nnd  Talenitos  in  general;  a 
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with  l)ttf4'r-{i]mond  ofl,  CBH),  and  Tilejnldehyde,  C"H»*0 ;  alio  with  phenylie 
•Itohol,  C^HK),  and  rinic  ether,  OH»«0. 

In  liquids  belonging  to  different  tvpee^  the  same  zelationB  are  not  found  to  hold 
good.  Moreover,  the  types  within  which  these  relations  are  ohaenred,  are  predselj 
tiiobe  of  Gerhazdt*s  daasifieation  (see  Glassific^tiok).  Further,  when  liquid  com- 
pounds  are  represented  by  rational  formuls  founded  on  these  types,  their  atomic 
volumes  may  be  calcnlatea  fiom  certain  fundamental  values  of  the  atomic  volumes  of 
thr  elementii,  on  the  supposition  that  the  atomic  volume  of  a  liquid  comj^und  is  equal 
to  the  pum  of  the  atomic  volumes  of  its  constituent  elements.  In  this  manner  the 
calculated  atomic  volumes  in  the  fourth  columns  of  tables  A,  B,  C,  D  are  determined. 
It  must  be  understood  however  that  these  values  are  based  upon  somewhat  doubtful 
HJisumptionB  respecting  the  atomic  volumes  of  the  elements,  and  are  regarded  by  Kopp 
merely  as  approximations  to  the  truth. 

Since  the  addition  of  CH'  to  a  compound  increases  the  atomic  volume  by  22,  this 

number  may  be  taken  to  represent  the  atomic  volume  of  CH* ;  moreover,  since  C 

may  take  the  place  of  H*  in  combination,  without  altering  the  atomic  volume  of  the 

compound,  it  rollows  that  the  atomic  volume  of  C  must  he  equal  to  that  of  H* ;  and 

22 
therefore  the  atomic  volume  of  C  ^  -n   **  ^h  And  that  of  H* also  equal  to  11,  or  that 

of  H  B  6*5.  Further,  as  the  substitution  of  O  for  H*  produces  a  slight  increase  in 
the  atomic  volume  of  a  compound,  the  atomic  volume  of  0  must  be  rather  greater 
than  11 ;  and  it  is  found  that|  b^  assuming  the  atomic  volume  of  0,  when  it  takes 
place  of  H'  (that  is  to  say,  in  a  radide,  as  when  acetyl,  OHK),  ia  formed  from  ethyl, 
C'H*),  to  be  equal  to  12*2,  results  are  obtained  agreeing  vety  nearly  with  those  of 

ol 'Serration.    But  when  oxygen  occupies  the  position  which  it  has  in  water,  ^0,  its 

atomic  volume  is  smaller.    The  specific  gravity  of  water  at  the  boiling  point  is 

18 
0-9579 ;  hence  its  atomic  volume  at  that  temperatore  is  »  18*8 ;  now  the 

2  atoms  of  hydrogen  occupy  a  space  equal  to  11 ;  hence  the  volume  of  the  oxygen 
is  7*8.  The  same  value  of  the  atomic  volume  substituted  for  0  in  the  formula  of  the 
several  compounds  belonging  to  the  water-type,  in  which  it  occupies  a  similar  place, 
that  is  to  say,  outside  the  radicle,  gives  results  agreeing  nearly  with  observation. 
That  a  given  quantity  of  a  substance  should  occupy  different  spices,  under  different 
circumstances,  is  a  fact  easily  explained,  when  it  is  remembered  that  the  particles  of 
a  body  cannot  be  supposed  to  be  in  absolute  contact^  but  are  separated  by  certain 
spaces,  which,  increase  or  diminish  according  to  the  temperature  of  the  body,  and 
according  as  it  is  in  the  solid,  liquid,  or  gaseous  state. 

From  these  values  of  the  atomic  volumes  of  the  elements,  carbon,  hydrogen,  and 
oxygen;  via. 

Atomic  volume  of  0 ->  11 

>•  „         H -  6-6 

„  „         O  (within  the  radicle)    .        •        .        .  ■>  12-2 

„  „         O  (without  the  radicle)  .  .        .  b  7*8 

the  calculated  values  of  the  atomic  volumes  of  liquids,  in  the  fourth  column  of  TaUe 
A  are  deduced.  The  method  of  calculation  may  be  understood  fkom  the  fd^owing 
iples: 

Bensene,  C^«  «  C«H».H. 

Atomic  volume  of  C* »  66 

..        H« -  88 

M  n         benzene a  99 

Mdehydi,  C*H*0  -  C>H*O.H. 

Atomic  volume  of  C -*  22 

M        H« -  22 

„  „         0  (within  the  radide)    .        .        .  -  ^lE 

„  „         aldehyde »  66-2 

Akohol,  C«H«0  -  ^5*1 0. 

Alome  Tolmne  of  C «  82 

«        H- -  83 

M  „     '    0  (without  the  radicle)    .        t        •  ■■     1'^ 

«  ,,         alcohol    .  •       .       •        .  -  62-8 


I 


I 
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uofC? 

H*   .       .       .       .  ■    . 

O  (within  Um  ndide)     . 
0  (witboDt  tlw  imdide)     . 

»c«tie«eid 


.  -   j< 
H  „    Metie  anhjdndr —  lOM 

0«W<o/mrf*s*C?H'0<  -(^.JW 

Atcaue  volan*  of  C 

„        H* 

„  „        O*  (witbiD  the  i«did«)    . 

„  „        O*  (withoot  the  (ndide)  .  .  -  H-Q 

„  „    oxalate  of  nethjl -II7-O 

liqmdt  amtaining  Bidpiitr.  —  Solphnr  enten  into  eombiiutiim  in  Tiiiw  wi 
mnetiinea  taUng  tlie  pUc«  of  ongen  in  the  type  &H.0  (u  in  meraaptaD) ;  aomeli 
tildiw  the  place  of  earbon  within  a  radicle  (as  in  inlphBroiu  anhjdrida)  SO.O,  e 
paredwith  carbonic  anbjdride  CO.O;  aomedmHi  leplaong aiVEeD within  aiacticlf 
m  niliihide  of  carbon),  C8.8,  compared  witb  earbonie  anhydride.  In  Ha  lint 
aeeond  eaaea,  tbe  atomic  Tolome  of  ralphuT-eompoondi  may  be  i-l™Utjrl  by  a 
bntii^  to  mlphnr,  (9  —  Si),  the  atomic  Tohune  32'S,  thoaeof  thaathar  denmti 
— ■'"■"g  ai  abore ;  in  the  thiid  caaa,  tba  atomic  Tohune  of  nlfAar  tfpmn  U 


—Mere^ian,   CHfl  -^ 
ie  valnmeof  9 


.  .  SS 
.  -  33-6 
.  -  frS 


8*lptttde  ofMrboH,  CSP  —  C&S. 
omic  Tolune  of  0  .   —   1 

H  „  a  (within  the 

ladide)  .  -  ; 
„  „         8  (without  th* 

„  Bolphide  of  eaibon  .  ~   I 


TUL>  ^—Atomk  FeliMwi  ofLiqind  Balfla 


SBbRUO. 

Psmnli. 

AtsBk  Volim  It  (bt  BeOkia  PbIdi 

Writht. 

CilcnUlrd. 

Ob-«-. 

Mer«>ptan     .        .        . 
Amjlie  meie^itan  . 
Solphide  of  methyl 

Sulphide  of  ethyl    .         . 

OB'S 

C*H"3 

SO" 
(?H"SO' 

62 
104 
62 
«0 
H 
64 
138 
78 

77-fl 
14S« 

77-6 
131-6 
100-2 

436 
148-4 

63-3 

76-0...  76-1  at  36^ 
140-1...140-G  „  liO 

7S7  .  .  „  *1 
130'S...1S1-A  „  « 
100-e...l00-7  „  114 

43*  .  .  „  -8 
148-8...14Bfi  „  IM 

e33...  93-4  „     4T 

Sulphite  of  ethjl    .        . 
SolphideofearlMn 

CUorida,  Brmtidtt,  oi 
TolmDe  of  CI  ii  nippoeed 
tha  other  •Umenta ' 


loiide*. — In  liqoid  eompmmdi  of  tlna  litm,  the  >t 
be22-8,tbatofBr  -  27-S,  and  that </ 1  -  37'fi^  thoi 
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A  * a  - 

Atomte  Volume  at  tho  Boflliit  Point.    | 

SobtCnc*' 

FonnoU. 

Atonic 
Wdgbt. 

Calculmto^ 

I.                       ^WMf  ?0Q« 

Dichlorinated  ethylene 

C«HKn« 

97 

78-6 

7S9          .    at   8r>C. 

Chloride  of  caibon 

c«a« 

166 

118-2 

116*4     .    .    „  123 

Chloride  of  ethylene  . 
„       monoehlorinated   . 

C»H*C1* 

99 

89-6 

86*8.'.  86*4  ,,    86 

c«HKa« 

133-6 

106-9 

106*4.  ,107*2  „  116 

M       didilorinated 

C"HK3l* 

168 

124*2 

120-7...12I-4  „  187 

„      triehlorinsted 

C»HC1» 

202*6 

141*6 

148        .    .    „  164 

Chloride  of  tetiylene 
Monochlorinfttea    chloride 

C*iPCl« 

127 

138*6 

129*6...138'7  H  128 

ofmethjl 

CH*C1« 

86 

67*6 

64*6     .    .    „    80-6 

Uhloponinn        .        •        « 

CHCl* 

119-6 

84*9 

84-8...  867  „    62 

Chloride  of  carhon 

CCl* 

164 

102*2 

104-3...107*0  „    78 

Chloride  of  ethyl 

„       monoehlorinated   . 

CHKn 

64-6 

72*8 

71-2...  74-6  „    11 

C«HHn« 

99 

89*6 

86*9...  89*9  ^    64 

„       dichlorinated 

C«H«C1« 

133-6 

106-9 

106*6...109*7  „    76 

Chloride  of  amyl 

C»H"C1 

106-6 

138-3 

136-4...137'0  „  102 

Chloral      .... 

C«HC1H) 

147-6 

1081 

108-4...108-9  „    96 

Chloride  of  eeetyl 

c*HK)a 

78-6 

73-6 

74-4...  76*2  „    65 

Chloride  of  henzoyl    . 

CTiH)a 

140-6 

139*6 

134-2...1378  „  198 

Bromine    ■       •        .        • 

Br« 

160 

66*6 

64    ...  287  M    63 

Bromide  of  methyl    . 

CH'Br 

96 

66*3 

68-2      ,    .     „    18 

Bromide  of  ethyl 

C^»Br 

109 

77-3 

78*4     .    .     „    41 

Bromide  of  amyl 

C»H"Br 

161 

143-3 

149-2      .    .     „  119 

Bromide  of  ethylene  . 

C«H*Bi» 

188 

99*6 

97*6...  99*9  „  130 

Iodide  of  methyl 

CH«I 

1421 

66*0 

66-4...  68-8  „    43 

Iodide  of  ethyl 

C«H*I 

1661 

87-0 

86-9...  86*4  „    71 

Iodide  of  amyl 

C»H"I 

198-1 

163-0 

162-6...166-8  „  147 

Chloride  of  enlphur  . 

8C1 

67-6 

467      .    .     ,,140 

Chloride  of  phoephoras 

PC1« 

137-6 

.      93-9     .    .     „    78 

Bromide  of  phoephonu 

PBi» 

271 

.    108-6     .    .     „  176 

Chloride  of  silieon     . 

Sia* 

170 

.     121*6      .    .     „    69 

Bromide  of  ailioon     . 

FKBr* 

848 

.     144*0     .    .     „  168 

Chloride  of  arsenic    . 

AffQ' 

181*6 

94-8      .    .     „  138 

Chloride  of  antimony 

8hCl« 

236-6 

.     1007      .    .     ,,228 

Bromide  of  antimony 

SbBi» 

369 

.     116-8      .    .     ,,276 

Chloride  of  tin 

SnCl« 

260 

.    132-4      .    .     „  116 

Chloride  of  titanimn  . 

Tia* 

92 

.     126*0     .    .     „  136 

i 


The  componnds  PCI'  and  AaQ*,  haye  nearly  e^nal  atomic  yolmnea:  whence  it  nunr 
he  inftned  thatphosphonie,  and  arsenic,  in  their  hqnid  componnds,  haye  equal  atomic 
ydlnmea.  The  same  oondnsion  may  he  drawn  regaiding  tin  and  titanium  since  the 
atomic  yolvmes  of  Snd*  and  Tid*  aro  nearly  e(|nid. 

IfUroffen^eompaunds, — In  componnds  helonging  to  the  ammonia  type,  the  atomic 
yolnme  of  nitroieen  is  2*3.    This  result  is  deduMd  from  the  ohseryed  atomic  yolnme  of 
phenylamine  CH'N,  which  is  106*8.    Now  the  atomic  yolume  of6C  +  7H«-6.  Il4- 
7  .  6*6  «  104*6,  which  numher,  deducted  from  106*8,  leayes  2-3  for  the  atomic  yolume 
of  nitrogen. 

The  atomic  yolume  ofmnogen  deduced  from  the  ohserved  atomic  ydume  of  cyanide 
of  phenyl,  CN.C*H*,  or  C*H*N,  is  nearly  28.    Thus :  — 

Atomic  yolume  of  C'H*N  -  121*6 

C^»     »    93-6 

CN       a     28-1 


f» 


A  rimilar  calculation,  founded  on  the  ohseryed  atomic  yolume  of  ^[uiide  of  methyl, 
CH'N,  eiyea,  for  the  atomic  yolume  of  cyanogen,  the  numher  26*8.  The  atomic  yolume 
of  liquid  cyanogen  determined  directly  at  37^  or  39^  C.  ahoTc  its  hoiling  point,  ia 


I 


i..^  .. 


ii_lLL 
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betrsni  28-S  and  30'0.  Ai  &  mean  of  theee  ralne^  the  atomie  Tolnoe  of  rjta 
may  be  aaaumed  to  be  28 ;  and  with  thii  valna  the  atomie  volnmn  of  th*  lif  jid 
Wea  ate  ealeulated.    Thiu,  for 

Oil  of  miutard  (ralphocTuate  of  alljl),  CHV8  -  ^•[s. 
Atomic  Tolnme  of  C3}  .        .     ■•     60'S 


arly  witl 
Thiu  :  the  atomic  rdnn 
tfBO*~lI6-S  +  33-lM'fi. 


TiBuD.- 

AtoBtc  Vol«*  u  tfe*  BeUlat  r*ia. 

ForawlL 

CtlcuUed 

ObKrred. 

BTO 

17 

18-8 

22-4...  as-!  at  10=...1«" 

Ethjlamina 

C^-N 

46 

63-8 

66-3 

at    18 

Tetnlamine 

CH"N 

78 

ioa-8 

CHi-N 

87 

128-3 

1260 

»    M 

Octylamioe  . 

C^"N 

129 

191-8 

190-0 

„  170 

CHTJ 

93 

108-8 

106-4...106-8 

.  1U 

Toluidine      .         .         . 

C'H'N 

107 

138-8 

EthylphenyLunine 

CH"N 

ISl 

1608 

iso-e      . 

„  204 

DiethylpheDjiamine      . 

C'*H'*N 

149 

194-8 

190-6 

.,  313 

Hydrocyanic  add 

CN 

26 

28-0 

28-9...  300 

„    le 

CHN 

27 

33-6 

38-1 

»  w 

Cyanide  of  methyl 

CB*S 

41 

66-6 

fi4'3 

n     1* 

Cyanide  of  ethyl  . 

CH'K 

6S 

77-6 

77-3 

„    88 

Cyanide  of  tetryl 

CH'N 

83 

121-6 

Cyanide  of  phenyl         . 

CTH'N 

103 

121-6 

121-8...121-9 

»  in 

CH-NS 

73 

78-1 

7S-2...  783 

„  133 

CH'HS 

87 

100-1 

991 

„  I4t 

OUofmnetaid      .        . 

CH'NS 

99 

111-1 

113-1...114-2 

„  148 

Cyanateofethjl  . 

CH'NO 

71 

86-3 

84-3...  84-8 

»    M 

Pewiide  of  nitnwm     . 
Hiteateofmethyr 
Hilratoofelhjf   .        . 

NO" 

30 

33-0 

317...  a2'4 

..  u 

CH'NO' 

77 

68-3 

89-4 

.    M 

OB-NO* 

101 

BO-0...  90-1 

„    H 

C^'NO- 

123 

laa-B 

122-6...124-9 

..  SIS 

Nitrite  of  methyl.        . 

CHHO* 

161 

60-fi 

61-8 

«     I* 

Nitrite  of  ethyl     .        . 

CB'NO* 

76 

82-6 

79'3...  84-« 

„     18 

Biliit«<rf*myl     .        . 

C*H"NO' 

117 

1486 

148-4 

»    >6 

Fiom  the  preceding  oIiaerTationi  and  ealealatians,  it  appean  that  the  atomic  to 
ofHCompoanddepcTidB,  not  merely  on  its  empirical,  but  likewise  onitantioDal  font 
in  other  words,  not  merely  on  the  number  of  atoms  of  its  elements,  but  tnrther  oi 
manner  in  which  tboM  atoms  are  arranged.  Now  n  componnd  may  bare  more 
one  rational  formula,  sccoiding  to  the  manner  in  which  it  decompoeei ;  and  hen 
might  appear  that  the  calculation  of  atomic  Tolmnes  mint  he  attended  with  cons 
able  nneertainty,  inosmiuJ]  aa  the  atomic  volnmea  of  certain  elementa,  aa  ongen 
■ulphnr,  vary  according  to  the  manner  in  which  they  enter  into  the  compoim<L  i 
hyde,  for  example,  may  be  represented  either  as  ^  1 0,  or  as  ^'''^  I ;  and, 
the  atomic  lolnme  of  o^gen  il  12*2  or  7'8,  according  as  it  is  within  or  withonl 
ndiele,  the  atomic  Tolnme  of  aldehyde  will  b«  SS'2  if  deduced  from  the  type  HH. 
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SI'S  if  dadiioed  from  the  type  HH.O.  But  the  atomic  weight  of  aldehyde^  and  its 
•pectfle  graTitjr  at  a  giren  temperature  are  inyariable ;  it  cannot  therefore  have  two 
(fifiefent  atomic  Tolmnea.  It  most  be  remembered,  however,  that^  in  speaking  of  a 
conponnd  as  having  sereral  rational  formoLe,  we  consider  it  nUbher  in  a  dynamical 
than  in  a  statical  point  of  view;  as  under  the  influence  of  disturbing  forces,  and  on 
the  point  of  undergoing  chemical  change.  But  if,  on  the  other  luuid,  we  regard  a 
compound  in  its  flzM  statical  condition,  as  a  body  possessing  definite  physical  proper^ 
tiea,  a  certain  specific  grsTitj,  a  certain  boiling  point,  rate  of  expansion,  renractiye 
power,  Ac,  we  can  scsnely  avoid  attributing  to  it  a  fixed  moleculw  aiTangement»  or, 
at  all  events,  supposing  that  the  disposition  of  its  atoms  is  confined  within  uose  limits 
wbica  constitute  chemical  tvpes.  It  is  found,  indeed,  that  isomeric  liquids  exhibit 
•qual  atomic  volumes  only  when  they  belong  to  the  same  chemical  tvpe.  If  this  view 
b«*  correct,  the  relation  between  the  atomic  volumes  of  elements  and  compounds,  may 
often  render  valuable  service  in  determining  the  rational  formula  which  oelongs  to  a 
eomponnd  in  the  state  of  rest.  Thus  of  the  two  atomic  volumes  just  calculated  for 
aldehyde^  the  number  66*2,  deduced  from  the  formula  CHH).H,  agrees  with  the 
observed  atomic  volume  of  aJdehyde,  which  is  between  66  0  and  66'9,  better  than  61*8, 


the  number  deduced  from      ^  >0.    This  result  leads  to  the  eondusiDii  that  the 
aldehydes  belong  to  &e  hydrogen  type  rather  than  to  the  water  type. 

There  are  manv  groups  of  liquid  compounds,  irrespective  of  isomerism  or  similaritv 
of  type^  the  membcn  of  which  have  equal  or  nearly  equal  atomic  volumesL  The  fol- 
lowing table  exhibits  the  calculated  atomic  volumes  of  several  of  these  groups : 


^r  ater       •        •        • 
Ammonift  •        •        • 

Bromine    •        .        . 
Oyaoogen  •        •        • 
Aldehyde  • 
Cyanide  of  methyl 
Bromide  of  methyl 

Alcohol 
AoelieaQid 
Formate  of  methyl 
Gyanate  of  methyl 
Ethylamine 
Sulphide  of  carbon 
Iodide  of  methyl 

Acetone 

Cyanide  of  ethyl 
Sulphocyanate  of  me- 

thvl 
Sulphide  of  methyl 


H«0 

NH» 

Br« 

rCN)« 

C*H*N 
CH«Br 

C«H«0 

C»H*0« 

C«HH)« 

C=H»NO 

C*H'N 

CS» 

CH*I 

C^-0 
C»H»N 

C«H^S 
C«H«S 


18-8 
18*8 

65*6 
660 
66-2 
666 
66-3 

62-8 
640 
640 
63-3 
62-8 
62-3 
660 

78-2 
77-6 

781 
77-6 


Ether        .   *    . 

Tetrylic  alcohol 

Pfaenylie  alcohol 

Tetrylamine 

Pbenylamine      . 

Butyric  add       . 

Acetate  of  ethyl 

Acetic  anhydride 

Chloral 

Diehlorinated  chloride 
of  ethyl 

Monochlorinated  chlo- 
ride of  ethylene 

Bromide  of  phos- 
phorus  •        .        • 

Valeraldehyde    . 
Opmide  of  tetzjrl 
Bitter  almond  oil 
Cyanide  of  phenyl 
Sulphide  of  ethyl 


C*H'*0 

106-8 

C*H»^ 

106-8 

cnsK) 

106*8 

C«H»N 

106-8 

CHTf 

106-8 

C*H«0« 

1080 

C«H«0« 

108-0 

C*H«0« 

109*2 

CKCIK) 

1081 

C*H»C1» 

PBr» 

C»H^ 

C^H) 
C»H»N 
C*H'»S 


106-9 

106*9 

108-6 

122-2 
121-6 
122-2 
121*6 
121-6 


Theae  groups  exhibit  an  approach  to  the  uniformity  of  atomic  volume  which  » 
observed  in  the  gaseous  state. 

Berthelot  has  adduced  a  number  of  examples,  showing  that  when  a  liquid  compound 
is  formed  hy  the  union  of  two  other  liquids,  wnose  spedfie  volumes  are  denoted  hj  A  and 
B,  with  elimination  of  x  atoms  of  water,  tiie  specific  volume  of  the  compound  is  neariy 
»  A  -(•  B— 4cO  (the  atomic  volume  of  water  being  denoted  by  C).  B^thelof  s  obser- 
rations,  however,  were  made  at  medium  temperatures,  not  at  the  boiling  points  of  the 
liquids  (Ann.  Ch.  Phys.  [3]  xlviiL  822). 

3.  Of  Solid  Oompoviido.  (H.  Kopp,  Pogg.  Ann.  xlvii  133 ;  lii.  243,  262 ;  Ann. 
Ch.  Pharm.  xxxvL  l.^Ammermuller,  Fogg.  Ann.  xlix.  341.— H.  Schroder,  ibid. 
i  662;  lii  269,  282;  cvL  226;  cvii  113.— Filhol,  Ann.  Ch.  Phys.  xxL  416.— 
PUyfair  and  Joule,  Chem.  Soe.  Hem.  iL  477;  iii  64,  199;  Chem.  Soc  Qu.  J. 
i.  121.— H.  Schiii;  Ann.  Ch.  Pharm.  cvii  64;  cxii  88.— Gm;  i  67—86.) 

The  most  general  relation  that  has  been  observed  between  the  atomic  volumes  of 

of  solid  compounds  is,  that  iiomorpkout  eompounda  kave  equal  aiomic  nolumeB,  in  other 

words,  their  densities  are  proportional  to  their  atomic  weighta.    Such  is  the  casc^  fo< 

tiT#Tnpl^  with  carbonate  of  strontium  (strontianite)  and  carbonate  of  lead  (cerussite], 

FonBote.  AU  Welfbt.        8p.  Gr.     AC  VoIium. 

SiKSO* 1*7-6  8-60  41-0 

PbHX)* 267-4  6-47  41*4 

Vol.  L  GO  ^ 


1 


i 
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If  tha  cryitalline  foni»  are  011I7  ■pproiimBtelj  dmilv,  the  stonue  TdmnM  •!»• 
only  ^>prozimat«lj  equal.  Iho  diibrance  bemg  Im  u  the  uiglea  at  the  two  ci^^italU 
tbrnu  *t«  more  neuij  eqiul,  and  their  &zee  more  neul;  in  the  ume  ntioL  J 
■]ter>tioa  of  atomie  rolume,  nii:h  u  ii  often  pvodnaed  hj  tha  inCioduction  ot  o 
elemeot  into  s  compound  in  pUca  of  another,  ia  attended  vith  a  corteqNmdiag  >lt« 
tioD  of  OTatalliiie  form.  The  atoniic  volume  may  likevias  be  altered  witbcnt  a 
ehangs  in  the  eompoaitioD  of  the  body,  via.  h;  change  of  lempantnie,  and  this  al 
f*«dneca  in  moat  caaoa,  aa  Mitaeheilich  has  ahown,  a  conaaponding  al[«mtioQ  in  t 
magnitnde  of  the  anglca.  In  crTiCali  of  the  regular  ifitem,  howcTer,  nnaiioa 
temperature  pmdocei  no  aLteration  either  in  form  or  in  atomic  *oIome. 

In  dimorphooa  compounds,  each  modiflcalion  haa  a  deniitj,  and  thaiefiire  alao 
atomic  Tolume,  peculiar  to  itaall 

The  eqnalitf ,  exact  or  approiinute,  of  tha  atomic  mlumaa  of  iaomorplioaa  eompooni 
has  been  traced  bj  Euao  8cuiff|  thronch  Mreral  clawea  of  ealte,  eapeciall  j  in  the  mlpha' 
of  the  general  form,  M'S0'.7H^  (nllieU),  in  the  double  inlptiataa  ot  the  magnesi 
elaaa,  '^^  |S0'.3HK},  and  in  the  aluma.  The  atomie  volomei  of  Hum  to 
ponnd*  an  g^ven  in  the  foUowing  table : 


POTHOk. 

Wtubt. 

«. 

is^ 

FUrioU. 

MgflO*.7H*0 

MS 

1-88JI 

146 

Zn*SO* .  TH'O       ....                .        . 

1-BAI 

UfSO- .  THK) 

281-a 

1-981 

u«-< 

Co'SO* .  7H»0 

381 

1-934 

146 

Pe^0*.7HK> 

378 

1-884 

147-< 

(MgCtt)80* .  :hk> 

3857 
3861 

1-813 

1-817 

148-6 
146-6 

3M-0 

1-981 

146-3 

(NH'lMgSC .  SH-O 

301-a 

1-9M 

1001 

(HH'iZnSO* .  8H«0 

KZnSO'.aHK) 

331-7 

3-188 

lOS 

(HH'lNiSO" .  8H»0 

KNiSfo'.aHK) 

197-8 

1-918 

108-! 

218-8 

2-138 

103'] 

(NH'lCoSO' .  3HK) 

feCoSO'.SHH) 

I97-S 

1-873 

106M 

318-7 

3-164 

101-4 

(NH'}FeSO' .  8H>0 

KCdSO'.SH'O 

223-7 

3-073 

1071 

(SByCaSO'.SBK) 

KCoSO'.aHTO 

199-7 

1-931 

los-^ 

230-* 

2-13T 

103-3 

JJumM. 

KAl'SW.llHK) 

i7«-8 

1-722 

375-8 

HaAI'SK)'.iaHM) 

4fi8'4 

1-641 

379-J 

(SH'IAIW)' .  13HK) 

K<V8'CP',12H'0 

453-4 

1-621 

27»-< 

SOO-S 

1846 

(NH')Ci»SH)' .  13H«0 

483-0 

1-713 

2S1-4 

The  atomie  Tolumea  of  tha  vitriols  are  veiy  nearly  equal;  so  likewise  ara  thoar 
the  aloms.  Those  of  tha  double  magnesian  ndpliaUe,  H(E ;  yrK')BO*»JP0,  dit 
Bomewha.t  more,  the  diflerence  between  the  greatest  and  leuat  unonntinR  to  8-9. 
i>  rem&rkiibla,  howerer,  that  the  atomie  Tnlome  of  the  ammooimn-  ana  potaanuj 
salts  in  each  pair  differs  from  the  mean  Tslao  (104)  by  nearly  equal  TalnM,ll>e  fcrm 
in  ezcaas,  the  latter  in  dafeet;  tiius,  in  the  Srat  pair  we  find,  107-1  —  104  '  •»  S' 
and  100-9  -  lot  'I  —  3-1 ;  and  in  tha  wcond  pair :  104-9  -  104  —  4  0-9:  m. 
103  -  104  -  -  lil 
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Hie  Iblki'wiiig  table  etmtaint  the  atomic  Tolumes  of  oeitain  ehloridefl,  bromidei^ 
«Bd  iodides: — 


PomnlA. 

Atonle 

Spectflc 

Atomic 

•  WlHUIS* 

Weight. 

Ontitf. 

VolUOM. 

CUoridet. 

Chloride  of  hydrogen 

36-5 

1*601 

24-3 

Chloride  of  lead     .... 

139-6 

6-78 

24-2 

Chloride  of  iron  (ferromim)    . 

63-6 

2-628 

26-1 

Chloride  of  calcinm 

66-6 

2-206 

26-2 

Chloride  of  nickel  .... 

660 

2-66 

26-8 

Chloride  of  meroaricnm 

136-6 

6-320 

26-6  . 

Chloride  of  eilTer  .... 

143-6 

6-617 

26-0 

Chloride  of  cuprosom     . 

98-9 

3-70 

26-7 

Chloride  of  strontium     . 

79-6 

2-96 

26-9 

Chloride  of  Bodimn 

68-6 

2-148 

27-2 

Chloride  of  barium 

104-1 

3-82 

27-2 

Bromides, 

Bromide  of  hydrogen 

820 

2*00 

41-0 

Bromide  of  merourosum         . 

281-0 

7-307 

88  4) 

Bromide  of  sodium 

104-0 

2-962 

36-2  V 

Bromide  of  barium 

149-6 

4-23 

36  3) 

Bromide  of  merouricum  . 

181-0 

6-92 

30-6> 
29-8  V 
28-0) 

Bromide  of  silTer  .... 

189-0 

6-363 

Bromide  of  lead     .        .        •        , 

186-0 

6-63 

Iodides, 

* 

Iodide  of  hydro^ 

128-0 

2-25 

670  ( 
68-3  ( 

Iodide  oi  potassmm 

166-2 

2-86 

Iodide  of  sodium    .•••••• 

160-0 

3-46 

43-6) 
42-8  {• 
43-9  ) 

Iodide  of  merourosum 

327-0 

7-644 

Iodide  of  silver 

236-0 

6-36 

Iodide  of  barium 

196-6 

4-917 

39-8) 

Iodide  of  meroaricnm 

2270 

6-91 

38-4  V 

Iodide  of  lead 

231-0 

6-07 

38-1) 

It  will  be  obsezred  that  the  atomic  Tolumes  of  the  bromides  and  iodides  do  not 
agree  anong  themselves  so  nearly  aa  those  of  the  chlorides.  The  atomic  volume  of  a 
bromide  is  not^  for  the  most  part,  the  mean  between  those  of  the  oorres^nding  chloride 
and  iodide,  but  approaches  mora  neariy  to  that  of  the  chloride.    (Schiff.) 

That  isomoiphons  compounds  do  in  many  instances  occupy  equal  atomic  volumes 
Is  sofleienily  apparent  £n>m  the  preceding  examples.  Nevextheless,  Schroder  con- 
cludes, from  calculations  founded  partly  on  his  own  determinations  of  specific  gravity, 
partly  on  those  of  other  observers,  that  equality  of  atomic  volume  is  not  neceBsariiy 
eonneotod  with  similarily  of  crystalline  form,  but  Ib  exhibited  by  heteromorphous 
elements  and  compounds  quite  as  often  as  by  those  which  are  isomorphous,  if  not 
oftenen     (^o^.  Ann,  evi  226;  evii  113.) 

The  connection  between  the  atomic  volumes  of  compounds  and  of  their  elements  has 
not  been  so  Ailly  examined  in  solids  sa  in  liquids ;  nevertheless  certain  general  rela- 
tions have  been  shown  to  exist  The  most  important  of  these  relations,  first  pointed 
out  by  Schroder,  and  ftirther  established  by  Kopp,  is  that  equivalent  quantities  o/di/" 
/erent  elemsnts,  in  uniting  with  the  same  quantity  of  a  given  element  (or  cmnpound 
radicle)  temve  equal  inerements  of  volume.  Thus,  when  207-4  grammes,  or  18-44 
cub.  cent  of  lead  (Fb*),  112  grm.  i-  13  cc  cadmium  (Cd'),  63-7  gnn.  »  7-2  c.c.  copper 
(Cu'),  or  66*2  grm.  *  9-2  cc  zinc  (Zn*),  unite  with  16  gnus,  of  oxygen  (0)  to  form 
the  compounds  Fb'O,  CdK),  ^.,  the  increment  of  volume  is  found  to  be  in  each  case 
neariy  2*6  cubic  centimetres.  Again,  in  the  oxidation  of  112  grm.  iron  (Fe*)  to  forrie 
oxide^  FeK)*,  the  increment  of  volume  is  8-1  »  3  x  2-7  cc.  The  explanation  of  this 
law  appears  to  be  that  certain  elements  enter  into  combination  with  the  same  atomic 
volume  that  they  occupy  in  the  separate  state.  Such,  according  to  Kopp,  is  the  case 
with  the  heavy  metals :  so  that  bv  detenninins  experimentally  the  atomic  volumes  <^ 
their  oxidea,  chlorides,  nitrates,  &c.,  and  depicting  therefrom  the  volumes  of  tha 
netals  themaelvea  aa  given  in  the  table  (p,  442),  the  %tomic  volumes  of  0,  CI,  NO",  6^ 
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vMch  csnn&t  be  obsencd  ilireetly,  ntaj  be  found ;  tboi,  ■  eompuuon  of  tha  oxidi 
ibore-mentioDed  showg  that  tbe  ntomic  Tolnmc  of  oijgen  in  tlien  conipcnuid*  ii  1'6. 

The  msMls  of  the  kUuIu  and  earths  do  not  appear  to  entn  ioto  combmitioD  wil 
Hm  aame  toIiuiib  Chat  th(^  oecupj  in  the  tret  state.  Their  atomic  Tolnmee  in  am 
bination  mu^  therefore,  be  calnuated  by  dedoctin^  &om  the  abserred  atomic  Yolnmi 
of  their  salts,  the  chlorides  for  example,  the  Tolimie  of  the  chlorine  aa  detemiiiH 
Anna  the  ehhmdee  of  the  hearj  metalii  this  determination  of  conne  resbng  on  tl 
■BaomplioD  that  the  atomic  volume  of  the  chlorine  in  eombinUioii  is  (he  same  in  ■ 
•nalogoos  eompoonds. 

On  these  principles,  Eopp  has  nude  the  following  estimatioiis  of  the  atomio  Tolom 
of  theaDttli-metal^  earth-metali^  and  certain  •alt-iadielea : — 


CO*  in  the  carbonates  of  Pb,Cd,  Fe,Hn,Ag,Zn,Ba,Ca,E,li^ 

K»,Sr 121 

HOI  in  the  nitrates  of  Pb,Ag,NH',Ba,E,  Ma,  Sr    .        .        .386 
SO*  in  the  sulphates  of  Co,  ^,  Zn,  Ca,  H&  Na  .        .        .     18-« 

SO*  in  the  snlphsles  of  Fb,  Ba,  E,  Sr U-9 

CI  in  the  chlorides  of  Pb,  Ag.  Be.  Ka 1S7 

Clinthechloridraof  MH>,  Ca,  K.  Ccu,  Hg,  Hhg,8r  .        .     lB-6 

O  in  the  oiidM  Pb'O,  Cd'O,  CuH),  Hg»0,  ZnK),  SnO,  Sb-O", 

Fe'O'.Co'O',  Bi"0',  Pb'O" a-a 

O  in  the  oiidea  Ccn'O,  AgO,  Hhg"0,  MoKV  ....  6-3 
Theee  Taloes  were  determined  in  1841,  and  man j  of  them  require  cOTrevtion  acm 
ing  to  the  atomic  weights  nnd  deDiitiea  ginM  eatabliahed.  Acrording  to  Schrod 
[lee,  ait,),  the  relatiana  upon  which  th?}'  depend  are  tnie  only  witli  n^ard  to  iaomc 
phoiu  compounds,  being  rcgidated  by  the  following  general  law:  "If  two  elementa 
fnnips  of  elements.  A,  II,  &c,  unite  with  other  plementa  or  gronpa,  C,  D,  E,  &c,  ton 
ing  compounds  .^(7  and  JJ(7,  AD  >n<\  BD,  AEAoiBE,  &c,  which  belong  to  the  ni 
^pe,  and  are  isomorphons  by  psira,  the  diffbrencee  of  Htomic  volume  of  ^  C  and  BC,  A 
and  BD,  AE  and  BE,  &c,  are  always  equal ;  but,  if  these  pairs  of  componnd  are  s 
isomorphoas,  or  belong  to  different  typ«e,  then  the  diSerencea  of  atomic  Tolome  ■ 


isomorphoi 
uneonA" 


1.  Playfair  and  Joule  have  obaerred  some  remailable  rektioBS  betwv 
the  atomic  volumes  of  oystalliaed  ealta  and  that  of  the  water  which  they  contain,  t 
1.  In  certain  hi^r  hydmled  salts,  via.  the  artnuUtt  and  piotplmia  aitA  12  at  wi 
and  in  «irbonatt  of  lodiam  urilh  10  at.  tealer,  the  Tolnme  of  the  entire  moleenle  is  ti 
■ame  as  that  of  the  water  of  erystallisation  fcocen  into  ice,  the  paitjclea  of  the  M 
and  baae  appeariag  to  be  interposed  between  thoae  of  the  water  without  increani 
the  total  tmlk.  The  foUowing  table  contains  the  ipedflc  Rrsvi^  of  soma  of  the 
sslta,  as  eaknlated  upon  this  hypotheais,  and  aa  determined  V  direct  expBUnent : 

Suit.  SpMlk  Oimillj. 

Na'CO' .  lOHK) WH  VUa 

St.'SPO* .  121PO IfiM  i'6aT 

Na'PO'.  12H'0 1622  1-623 

Na'HAaO* .  laHH)         ....  1739  1-738 

Ha'AaO' .  12H»0 1-804  1534 

In  li>N4-«ii^sr  and  ni/i(>M^ar,  the  atomic  volume  is  the  aame  as  thatof  tbahydnp 
Utd  oq'geD,  supposed  to  be  united  aa  water  and  froien.  Speciflc  gravity  ot  an 
lugaronthiahypothtna  "I'lSSS;  by  experiment  -l'SS6;  of  milk-sugar,  by  e«]cnlatic 
1-S34;  by  sxperiment  I'SSl. 

2,  In  another  daas  of  salt^  including  the  JtginOtd  maynttittH  tulpiatfi  (iPOSi 
+  BinO),  normal  tu/phaU  of  aimainium,  inrai,  mropkoipkatt  of  todium,  sod  ti 
itam,  the  atomic  volume  is  made  np  of  the  sohcf  water  and  of  the  Ivae  (MK)  i 
H'O*) ;  b  other  words,  the  volume  of  the  hydrated  salt  is  made  np  of  that  of  the  wati 
if  crytallisation  froieii  into  ice,  and  that  of  the  base  as  it  exists  in  the  &ee  stale,  < 
D  the  anbydroua  salt     (For  details  see  the  memoiia  cited  on  page  419.) 

AW>M10  ^rxxOMTS.  The  ultimate  constitution  of  matter,  and  iu  ftnite  i 
nAnitfl  divisibility,  have  been  made  the  sul(jects  of  speculation  and  ai^ument  fr-ii 
ilniort  tha  earliest  timea.  The  molecular  idea  of  matter  eeems  to  have  prvniled  i 
lie  primitive  philosophies  of  the  Hindoos,  Phoenicians,  and  %yplMB*,  fiom  the  lu 
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of  whom  it  WM  moiablj  transmitted  to  the  Oraebk  Among  them,  we  find  the  notion 
of  finite  diTisibuity  oonstitnting  the  baaie  of  the  cosmoffonj  of  Democritaa,  who  appa- 
rently acquired  the  doctrine  directly  ftom  Lencippaa.  eubeeonently  Epiconia,  and  the 
£picureana  generaUy,  extended  the  atomic  hTpotbeais;  whicn,  howerer,  was  strongly 
opposed  by  Empedodea  and  the  li^er  Pythagoreans,  who  contended  for  the  in- 
finite diTisibility  of  matter,  and  for  its  continuity  in  any  fpren  mass.  Plato  and 
Aristotle  also,  especially  the  latter,  adrocated  the  notion  of  infinite  diTiaibility.  In 
modern  times,  the  doctrine  of  material  atoms  was  maintained  by  Newton,  and  opposed 
by  Descartes,  Leibnitz,  and  Euler.  After  the  time  of  EiUer,  the  question  of  the  ultimate 
constitution  of  matter  fell  into  some  neglect,  although  the  non-atomic  view  seems  to 
hare  been  generally  preferred,  until  Dalton,  in  1804—8,  revired  the  atomic  hypothesis, 
in  order  to  account  for  the  phenomena  of  chemical  combination  in  definite  and  multiple 
proportions,  which  he  first  brought  prominently  into  notice.  Prior  to  his  disooyery,  the 
chemical  composition  of  bodies,  as  determined  by  analysis,  had  been  expressed  in 
centesimal  proportions  only,  whereby  the  relations  in  composition  of  different  bodies 
were  in  great  measure  concealed  from  obserration.  Thus,  the  relative  composition  of 
olefiant  sas  and  marsh  gas,  was  expressed  very  imperfectly  by  saying  that  the  former 
eontained  86*7  per  cent,  of  carbon  and  14*8  per  cent,  of  hydrogen,  while  the  latter 
oentained  76*0  per  cent,  of  carbon  and  25*0  per  cent  of  hydrogen.  It  was  from  the 
results  of  an  examination  of  these  two  gases  tnat  Dalton  was  first  led  to  the  eonception 
of  his  theory.  He  ascertained  that  both  gases  consist  of  carbon  and  hydrogen  only, 
and  set  out  the  centesimal  composition  of  each  in  the  customary  manner.  But  he 
obeeired  further,  that  the  ratio  of  hydrogen  to  carbon  is  exactly  twice  as  great  in  the 
one  ease  as  in  the  other;  that  in.olefiant-gas,  for  instance,  the  carbon  is  to  the  hydro- 
gen as  6  to  1,  whereas  in  marsh-gas  it  is  as  6  to  2.  Or,  in  other  words,  a  giren 
quantitf  of  carbon  unites  with  either  one  or  two  proportions  of  hydrogen  to  form  the 
respectiTC  compounds,  olefiant-gas  and  maish-gas.  Dalton,  whose  turn  of  mind  was 
ewentially  medianical,  explained  the  constitution  of  these  two  compounds  by  supposing 
that  the  first  consisted  of  1  at.  of  carbon  united  with  1  at.  of  hydrogen  90,  while 
the  second  consisted  of  1  at.  of  carbon  united  with  2  at.  of  hydrogen  000,  the  atom 
of  carbon  being  considered  to  haye  8  times  the  weight  of  the  atom  of  hydrogen. 
He  then  calculated  the  composition  of  other  bodies  on  the  same  plan,  and  found,  for 
instance,  that  the  quantity  of  hydrogen  which  unites  with  6  pts.  of  carbon  to  form 
olefiant  gas.  unites  with  8  pts.  of  oxygen  to  form  water.  Hence  water  was  represented 
by  the  symbol  0O,  the  atom  of  oxygen  being  considered  to  have  8  times  the  weight 
of  the  atom  of  hydrogen.  The  crowning  point  of  Dalton's  theoiy  was  reached  when 
he  discoyered  that  the  numbers  which  expressed  the  respectiye  combining  proportions 
of  carbon  and  oxygen  with  1  pL  of  hydrogen,  also  expressed  the  proportions  in  which 
they  qpmbine  with  one  another.  Thus  the  ratio  of  carbon  to  oxygen  in  carbonic  oxide 
gas  was  found  to  be  as  8  to  8 ;  whereas  in  carbonic  anhydride  gas  it  was  as  8  to 
tvicf.  8.  The  former  compound  he  considered  to  result  fi^m  the  union  of  1  at.  of 
carbon  with  1  at  of  oxygen  0O ;  and  the  latter  to  result  from  the  union  of  1  at  of 
carbon  with  2  at.  of  oxygen  090*  Dalton  extended  the  same  yiews  to  the  eom- 
poimds  of  nitrogen,  and  concluded  that  the  quantity  of  that  element  which  imited  with 
1  pt  of  hydrogen  to  form  ammonia  (10,  united  with  8  pts.  of  oxygen  to  form  nitrons 
gas  <XO>  ^0  may  apply  this  formula  for  nitrous  gas  to  the  com^und  known  as 
nitrous  anhydride,  though,  from  an  error  in  the  rou^h  process  of  analysis  then  adopted, 
it  was  intended  to  apply  to  what  is  now  called  nitnc  oxide,  or  deutoxide  of  nitrogen. 
Eyen  at  the  present  (my,  it  is  highly  interesting  to  compare  the  information  afforded 
by  Dalton's  expressions  for  the  aboye-mentioned  compounds,  with  the  information 
aibrded  by  a  statement  of  their  respectiye  centesimal  proportions,  thus : — 


Dalton*!  Expretftioot. 


CenlMlmal  Proportlooi. 


Olefiant-gas  . 
Marsh-gas 
Water  .  . 
Carbonic  oxide 
Carbonic  anhydride 
Ammonia  • 
Kitnms  gas    • 


6  + 

6  + 

8  -1- 

6  + 

6  + 

6  ■¥ 

6  -I- 


1 

twice  1 

1 

8 

tmee^ 

1 

8 


0 
0 


"Is 

ao 


86*72 
7500 
88-89 
42*86 
27*27 
82*36 
86*80 


+ 
+ 

+ 

+ 
+ 


14*28 
26*00 
11-11 
67*14 
72*78 
17*66 
68*20 


Dalton  thus  established  that  general  principle  in  chemistry  known  as  the  law  of 
combination  in  definite  and  multiple  proportions.  He  showed  that  a  par- 
ticular number  might  be  selected  for  eyery  element,  in  such  a  manner  that  the  propor- 
tions by  weight  in  which  any  two  or  more  elements  combine  with  one  another,  should 
be  always  in  the  ratios  of  their  respectiye  numbers,  or  of  different  multiples  of  those 
iramberi»    And  he  accounted  for  this  law  by  supposing  that  the  elements  unite  wi  th  one 
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■nother  iloin  to  ilom,  uid  that  the  proportioai]  nombcr  iccorded  to  Mch  ptttlml 
elemflDt  expn«aet  the  relatire  wiiight  of  its  atom.  Hjdngm  being  the  li^tt 
BDbetunce  in  naCun,  was  at  onas  choaen  by  Dalton  aa  the  unit  in  Ua  leak  of  alMc 
weighli^  and  the  veighte  of  the  atoms  of  other  elementa  Ten  Mtabliahcd  hj  am 
toiuitig,  diicctJ;  or  indirectlj.  the  nepectiTe  quantities  of  tboae  dement*  wbidi  imi 
either  with  1  pL  of  bydnweii,  or  with  the  quanli^  of  some  cAher  element  wfaidi  suit 
with  1  pL  of  hydiogen.  But  man;  ehemiHo,  who  apeedilj  adcnoiriedged  the  tnth 
Dalton'l  lawi  ot  combination,  lefuaed  to  ailinit  the  atomic  doctrine  whi<A  he  had  d 
dneed  therefrom.  Among  theee  wai  Davy,  who  introdaced  the  word  proporlioa 
aanbatitnte  for  DaJton'a  word  atom,  conceiniig  the  nae  tf  the lattor  word  to  be  objccttc 
•.He,  aa  inTolving  a  theoretical  ummptioi].  At  the  pwent  day,  the  word  ali 
ie  moat  genoall;  employed  br  ehemiata;  but,  wli^  aome  nae  it  in  it(  atriet  D 
.  toniau  mfttarialiitie  lenaa,  othen  me  it,  in  an  abetnct  (Miae  Mi^,  to  wtfwaa  t 
amalleit  indinaible  oombining  proportion  of  a  bodj,  and  eoniider  the  pniputtin 
Dumber  of  a  body  w  on  ultimate  or  unexplained  pn^^wrty  pertaining  to  it  Ilalto 
■ymbola  were  apeedil;  replaced  b;  thoie  now  in  uae.  which  repieaant  the  aUnwrial 
Dumea  of  the  elementa.  Ereiy  inch  ajrobol  i*  nied  to  expnn  one  atomic  pneoetian 
ita  pnrticutaf  element.  Thua,  CI  atanda  for  3S-5  pta.  of  diloline,  Vt  tor  33  pta. 
aodium,  and  Aa  for  7fi  ptj.  of  anenic,  aa  compared  with  I  pt.  1^  wu^t  of  hjAog 
Brery  compound  body  being  composed  of  two  or  mftn  elenwnbij  atoma,  ia  expeeet 
by  an  allocation  of  nmboli.  Thai,  common  ealt  or  chloride  of  aodium  ia  refffeanil 
by  the  fonaulii  NaCC  which  implice  a  compound  of  28  pie,,  <»'  1  oombining  profioit 
of  todiom.  nnited  with  3S'fi  pta..  or  1  combining  proportion  of  chlorine.  Agwn,  I 
chloride  of  anniic  in  repreaented  by  the  formnla  AaCI',  which  in^liea  ■  oompoond 
7S  pta..  or  1  combining  piopartioa  of  areenic,  nnitea  with  106-6  pta.  or  i  cambuai 
proportiona  of  chlorine^ 

In  the  csae  of  compound  bodies,  t^e  anm  of  the  atomic  weighri  of  the  eoaiititBi 
element!  i(  token  aa  the  aComic  weight  of  the  compoaad.  Thui,  the  atomic  wei^ 
thloride  of  widiam  ie  SS'fi  aad  that  of  Uichlonde  of  anenic  18I-S.  The  rdM 
quantity  of  a  compound  bod^,  repreaented  b^  ita  foraola,  ii  frequently  apoken  irf 
ita  atom,  and  there  ia  nothing  unphiloeophical  in  (uch  an  employment  of  the  wti 
By  the  atom  of  aodium,  for  iuitaoce,  is  nudeislood,  the  least  indiTisibla  pnijairt 
of  the  elementary  body  sodium,  and  by  the  atom  of  chloride  of  sodium,  the  I* 
indivisible  proptotion  of  the  componnd  body  chloride  of  eodinm,  timl  ta,n  hi 
any  eiiitencs.  Soon  after  the  publication  of  Dalton's  theory,  it  receiTed  a  Taioa 
corroboration,  through  its  adaptability  to  groupings  of  elements  or  eompoand  atca 
'Wolluton,  in  the  course  of  soma  analytical  eiperimaDte,  noticed,  that  if  in  the  1 
carbonates  of  potaasinm,  the  weight  of  oxide  of  petaaaiiim  be  taken  as  crautant,  tl 
the  weights  of  carbonic  anhydride  in  each  salt  are  to  one  another  as  1  to  2 ;  ■ 
Thomson  made  a  similar  obserration  with  regard  to  the  two  oxalatea  of  poUsaii 
Hence  these  salts  were  repreaented  at  thut  time,  in  aocoidanoe  with  Dalton's  rWwa. 
consisting  respectiTelj  of  one  compound  atom  of  oxide  of  potassium,  nnited  with  i 
or  two  compound  atoms  of  carbonic  anhydiide,  and  with  ons  or  two  compound  stonu 
oxalic  anhydride.  The  compound  atom  of  a  body,  or  more  correctly  the  atom  of  a  a 
pound  body.isnowofteuBpokeaof  as  ita  molecule:  but,  in  many  oosee.  there  ta  a ' 
tinction  between  the  application  of  the  two  woids  which  will  be  presently  adrratad 

The  accuracy  of  Dalton's  laws  itf  comlnimtion  in  definite  and  multiple  noportia 
WM  con£rmed  by  a  reference  to  the  pnrioua  neglected  reaearcbea  of  WcihI  i 
KiehtCT  upon  die  double  deeompoeitioa  of  mIU;  and  by  the  anhaequrat  bnlli 
reseudies  of  Gay-Lassac  upon  the  laws  of  eomtunation  by  Tolnme ;  in  which 
flowed  that  the  combining  prcportiona  of  aimpla  and  oompoimd  paaea  mi^t  be  ' 
preaaed  Tolumetrically  or  1^  bulk,  as  well  aa  numaiioall;  or  by  wei^bt. 

It  ia  worth  while  Co  refer  tor  a  few  moments  to  the  aboTe-mentioned  experime 
of  Wenael  and  Sichter.  If  we  add  together  solutiona  of  chloride  of  aodiiun  ) 
nitrate  of  ailTer,  which  are  both  neutnil  salts,  we  get  br  d(«bU  daoompoaili 
chloride  of  silver  and  nitrate  of  sodium,  and  the  mixture  still  remain*  neUtnL  Th 
is  no  radnndaQcy  or  deficiency  uf  either  sodium  or  silTcr,  but  the  qnanti^  of  aodi 
separated  &om  its  chloride  ia  exactly  snfficient  to  replace  the  ailrer  aqiantad  from 
nitrate,  and  met  vrn&.  Wensel.of  Freyberg  in  Saxony,  as  early  as  the  year  IT 
made  very  many  analyses  of  Eslts  with  great  accuraiy,  and  was  tberel^  ensbtwl 
uivDunt  for  this  neutr^ty,  resulting  trom  the  mutual  dcoompoeition  of  ncntral  aa 
by  showing  that  in  all  salu  the  quantities  of  aalt-rcsidne,  so  to  speak,  which  are  oo 
bined  with  equal  weishia  of  some  one  metal,  will  also  combine  with  equal  wei^ta 
sn?  other  metal  Thus,  if  y  grains  of  chloride  of  sodiom,  and  s  groins  of  uitiate 
Bodium  alike  contain  x  grdina  of  nodium,  then  (jl  —  ')  -t  r  grains  of  chloride  of  lili 
and  (r  —  2)  +  B  gruius  of  nitrate  of  silier  will  alike  contain  w  grains  of  aOn 
bemnse  the  qnantitiee  x  and  w  represent  the  relatire  oombining  propiKtioiiB  of  t 
nicLnts,  silrer  and  sodium,  which  can  take  the  place  of  one  another,  and  utile  with  1 
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Mine  mnouit  of  chlorine  or  other  salt  ledide,  or  leridne.  Bicfater,  of  BresUn  in 
Silesia,  pnUiahed,  in  the  year  1792,  what  maj  be  regarded  as  an  extension  of 
the  views  and  experiments  of  WenseL  He  showed  -that  the  neutralitj  of  a  saline 
eolation  does  not  change  dnring  the  direct  precipitation  or  substitution  of  its  metal 
by  some  other;  and  that  the  respectiTe  quantities  of  diiferent  metals  which  displace  one 
another  in  salts,  all  unite  witn  the  same  weight  of  oxygen.  He  also  constructed 
a  table  of  the  ouantities  of  different  oxides  or  bases,  whidi  contain  replaceable 
amounts  of  metat  and  of  the  (quantities  of  different  acids  which  can  be  neutralised  by 
those  quantities  of  the  respectiTe  bases.  His  experimental  results  were  reiy  inaccu- 
rate, but  his  notions  of  chemical  decomposition,  bad  they  receiyed  due  attention  at 
the  tun«!,  must  haye  led  directly  to  the  doctrine  of  combining  proportions,  if  not  to 
the  Daltonian  theory  of  atoms.  It  was  not  until  some  time  sfter  the  publication  of 
Daltoo's  views,  that  Berzelius  first  called  attention  to  the  prior  researches  of  Wensel 
and  Rlchter,  as  affording  a  valuable  confirmation  of  the  laws  of  chemical  combination 
which  Dalton  had  enunciated. 

In  the  establishment  of  proportional  numbers  or  atomic  weights,  two  distinct 
points  have  to  be  considered,  namely  the  exact  determination  of  the  ratios,  according 
to  which  bodies  combine,  and  the  correct  expression  or  interpretation  of  those  ratios^ 
The  first  is  a  question  of  experiment,  while  the  second  is^one  of  judgment  or  inference. 
Thus  whether  the  ratio  of  nydrogen  to  nitrogen  in  ammonia  isaslto6,  oraslto 
4*67  is  a  question  of  mere  experiment :  but  whether  the  atom,  or  smallest  indivisible 
oombinin^  proi>ortion  of  nitrogen  is  4*67  times,  or  14  times  as  heavy  ss  the  atom  or 
smallest  indivisible  combining  proportion  of  hydrogen,  and  consequently,  whether  the 
molecule  of  ammonia  consists  of  one  light  atom  of  nitrosen  united  with  1  of  hydro- 
gen, or  of  one  heaTv  atom  of  nitrogen  united  with  8  of  hydrogen,  are  questions  for 
the  judgment,  which  can  only  be  decided  by  an  intimate  acquaintance  with,  and  careful 
oonaidention  of  very  many  circumstances  relating  to  the  respective  bodies  and  their 
eongeners.  The  numbers  originally  chosen  by  Dalton  to  express  the  ratios  in  which 
the  different  elements  unite  with  I  part  of  hydroeen,  are  most  of  them  very  in- 
correct^  Thus  his  number  for  nitrogen  was  6  instead  of  4*67,  that  for  carbon  6  instead 
of  6,  that  Ibr  oxysen  7  instead  of  8,  that  for  phosphorus  9  instead  of  10-33,  that  for 
sulphur  13  instead  of  16,  and  similarly  with  the  remainder.  Davy  raised  the  number 
for  onrgen  from  7  to  7*6,  which  Front,  soon  after,  on  theoretical  ^unds  increased  to  8. 
But  ue  fir<  series  of  numbers,  deduced  from  trustworthy  experiments,  was  drawn  up 
by  Beneliusy  whose  results,  the  woric  of  a  lifetime,  must  ever  excite  our  bighe^ 
admiration  for  the  marvellous  industry  and  skill  by  which  they  wera  achieved.  01 
late  years,  when  analytical  and  synthetical  processes  have  been  so  greatljr  simplified 
and  unproved,  many  of  his  atomic  weights  nave  unde isone  slight  corrections  at  the 
hands  of  Dumas,  Marignac,  Pelouze,  Stas,  Maumen^  Eramann,  Marchand,  and  others, 
but  the  general  exactitude  of  his  numbers  still  remains  nnimpeached.  Berzelius, 
following  the  example  of  WoUaston  in  this  country,  selected  the  atomic  weight  of 
oxygen  as  the  unit  of  his  scale,  and  the  same  plan  was  adopted  until  within  this  List 
twenty  yeara  by  continental  chemists  in  general.  The  atomic  weight  of'  oxygen 
was  fixed  at  100,  and  those  of  the  other  elements  estimated  in  accordance  therewith ; 
but  the  simpler  numbera  by  which  most  of  the  ratios  are  expressed  on  the  hydroges 
seale,  have  eventually  secured  for  it  the  preference. 

In  the  year  1815,  Frout,  in  a  paper  *'  on  the  relations  between  the  specific  gravitite 
of  bodies  in  the  gaseous  state,  and  the  weights  of  their  atoms,"  propounded  the  idea 
that  the  atomic  weights  of  all  bodies  are  multiples  of  the  atomic  weight  of  hydrogcs. 
His  opinion  was  shia*ed  by  Dalton  on  other  grounds,  and  met  with  very  general  ac- 
ceptance in  this  country.  But  it  was  never  acknowledged  by  Berzelius,  or  until  lately 
by  any  large  number  ox  continental  chemists.  Although  Front's  views  must  be  con- 
sidered, in  the  present  state  of  our  knowledge,  to  rest  rather  upon  a  speculative  than  a 
substantial  philosophical  basis,  it  cannot  be  denied  that  the  tendency  of  modem  investi- 
gation has  been  to  confirm  hislaw;orrather  a  certain  modification  of  it,  which  Dumas 
first  introduced  in  a  definite  form,  but  which  Front  himself  seems  to  have  admitted.  Ac- 
cording to  this  modification,  the  atomic  weights  of  all  bodies  are  multiples  by  whole 
numb^  of  a  submultiple  of  the  atomic  weight  of  hydrogen.  A  striking  confirmation  of 
this  view  occurred  in  the  year  1840,  when  Dumas  and  Stas  showed  that  the  atomic 
weight  of  carbon  is  exactly  6.  In  1843  Dumas  ako  showed  that  oxygen  and  hydrogen 
unite  to  form  water  exactly  in  the  ratio  of  8  to  1,  and  his  experiments  were  confirmedby 
those  of  Erdmann  and  Marchand.  Then  Felouze  and  Mangnac  separately  ascertained 
that  the  atomic  weight  of  nitrogen  is  14 ;  andMaumen^  Marignac,  and  Felouae,  sepa- 
rately ascertained  that  the  atomic  weights  of  chlorine,  silver,  and  potassium  coincide 
almost  absolutely  with  the  numben  of  35*6, 108,  and  39  respectively.  Felouze  showed 
also  that  the  atomic  weights  of  sodium,  barium,  and  arsenic  are  23,  68 '5,  and  75  respec- 
tively.   At  the  present  time,  out  of  fifty-eight  elementary  atomic  weights,  calculated 
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1m  >eklio*lcdgi>d  bat  experiments,  not  moie  tluu  half  ■  doun  diili!r  apfVAiuM 
aoltiplea  by  whola  Dnmben  of  hiilf  the  atomic  weight  of  hjdiogeii.  Some  t 
iXceptiooal  numbeii  ought  probablv  to  be  daabled.  vherebj  they  wmild  accor 
'root'*  modified  law,  while  othera  of  them  i:*^  hacdlj  be  looked  npon  ■■  aatiii£u 
determined.  It  ii  worthy  of  obeerrotion  aleo  that  the  emalleat  atomic  weigbl 
,  aa  a  general  role,  at«  thoee  of  the  hot  known,  and  meat  eanlj  eatimMa 
ita,  Bcoird  the  moat  preciaely  with  Pmnt'a  law.  Dumaa  ia  of  opinion  tlu 
of  the  eiMptiaaal  nomben  an  moltiplea  of  oue-fmuth  the  atomic  weight  i 
jeo.  Staa,  mm  an  ekborate  wnH  of  eiperimenta,  the  axsctncB  of  wucb  . 
impossible  to  exceed,  haa  arriTed  at  the  ooncloaian  that  Pront'a  law  im  not  tnt 
mj  late  that  it  ia  only  ^proxJmatiTe^  tnu.  Ha  baa  obtained  the  folkrwii 
m  tar  potaaainm,  aodinni,  tilrar,  anlpfaor,  nitragen,  chlorine,  and  lead.  Eat 
II  baa  h««Q  derired  tram  mmeiooa  ckoaly  eoneoidant  azpecimenta  perfbnned  b 
ot  pwwaain,  on  a  acala  of  magn-t^***  uut  with  t  dean«  of  diUieu?,  hitbtsl 
■lied.  Hi*  number  for  potaaaiiuD,  howerec,  it  the  on{y  one  iriueh  £ffin  e«i 
blj  i.«.  l[>ar  sent,  from  the  nnally  accepted  munber: 


.     se 

8B-130 

^ 

OlSO 

Sodium    . 

.        .      28 

aaofo 

+ 

0-OM 

SilTW        .         .- 

.        .     108 

107-8M 

(MMf7 

Sidphnr   .        . 

.      S3 

82-07* 

0074 

SiS;    : 

1* 

14041 

0041 

.      3S-S 

36-480 

0-040 

Lead         .        . 

.     103S 

103-4S7 

- 

0-043 

I  it  ia  apparent  that  llie  differencea  in  the  experimeotal  determinatiOD  of  th 
according  to  irtueh  bodia*  combine  with  one  another,  bare  been  ledneed  witfaii 
lamw  limita.  Bot  the  eaae  ia  hx  otherwise  wben  we  come  to  eonaider  tbe  in 
tation  of  theae  ratioa,  or  the  eotabliahment  of  the  atomic  weigbta  of  mm^d*  to 
and  bodies.  Thna  mennny  Diiit«  with  chlorine  in  two  proportionB  to  tart 
•i  and  BomaiTe  lablimate  mipectiTBly.  In  tbe  fbnner  compound  the  ntio  c 
le  to  m«Kiuy  ia  ae  3S-S  to  200 ;  and  in  the  latter  as  Sfi'S  to  100 ;  or  aa  Arv 

0  100.  We  hare  therefbre  to  decide  between  tbe  nnmberi  200  and  1  m,  when 
a  Biui'ca  the  atomic  weight  of  mercury.  If  we  select  the  namber  200,  the  fin 
>f  calomd  will  be  HgCl,  and  that  of  mrraairs  mblinuite  HgCt>.  If  we  select  tb 
IT  100,  the  formnla  t^  calomel  will  be  EgHJl.  and  that  of  comvive  enblimab 

Hndl  the  tame  difflcol^  alao  exists  in  those  cases  in  which  two  elementa  onnbin 
y  one  proportion.  Thna  chlorine  imites  with  bQtht  Id  the  proportion  of  3G'5  ( 
r  to  Met  6^.  Now  auppoaing  eren  that  we  sU  agree  to  represent  calomel  b 
,  and  coTToaiTe  lublimate  by  HgCl,  we  haTB  sliU  to  consider  whether  chloride  r 
is  a  body  amili^ns  to  calomel  or  to  corrosive  snbUmate,  before  we  can  dead 
-epresentjng  it  by  the  formula  Ag*Cl,  in  which  Ag  a  64,  or  by  the  fomiala  AgC 
ch  Ag  —  108.  Agmo,  chlorine  unitea  with  alomininm  in  the  single  pioportio 
i  parte  of  chlorine  to  0  parta  of  slnnuniiun.  Chloride  of  alnnnnion)  may  coosf 
y  be  repreaail«d  by  the  formnla  AlCl,  in  which  Al  ^  S ;  or  by  AlCl*,  in  whic 
18 ;  or  by  AlCI',  in  irtiich  Al  -  27  l  or  by  A1>C1,  in  which  Al  -  4-S ;  or  H 
,  in  which  At  —  13-S;  or  by  one  of  manr  other  pooible  formnle.  From 
f  of  oonaiderationa,  more  or  leaa  complicated,  tbe  lut  formula.  A1<C1',  is  tbe  od 
has  been  generally  but  not  DnaninLonsly  adopts  Again,  tbe  compontioa  ( 
■gas  haa  been  aacertained  with  the  greatest  certainty.  The  ratio  of  carbon  I 
^n  ia  preciafll;  oa  1  to  1.  Hence  we  may  repreeent  uie  mt  by  tbe  formnla  CI 
ch  tbe  atomic  weight  of  carbon  •=  S;  or  by  the  formola  CH',  in  which  C  "  6 
the  tbrmnla  CH',  m  which  C  ~  9  j  or  by  the  formula  CH',  in  which  C  =  V2 
may  represent  the  gaa  by  tbe  formida  C^*,  in  which  C  =>  6 ;  tec  Ice  At  tb 
ttiinc^  all  chemists  ore  agreed  that  the  molecule  of  morah-gla  contains  four  atom 
Irogen,  bnt  they  disagree  aa  to  whether  it  eontoine  two  atoms  ot  Qubon  hanni 
lie  valne  6,  or  one  atom  of  carbon  only  baring  tbe  Talne  12.* 
.  obriooB  that  the  atomic  weigbta  of  on  element  and  of  ita  combinationa,  abooli 
icted  so  aa  to  expreaa  the  entire  aeries  (^  combinations  by  tbe  simplest  serin  c 
B ;  so  as  best  to  accord  with  the  chemical  propertiea  and  metamorphoe'e  of  thi 
;  ao  OS  beat  to  illustrate  their  snslogiee  with  other  bodies  ;  and  ao  as  to  be  ii 

1  with  their  pbyiicat  propertiea.  each  se  tbeir  apedflc  Totmnes.  specific  bveta 
phlmn,  &C.  Now  it  so  happena  tiuit  these  difFerent  reinireinante,  chemical  »ni 
il.  ore  not  always  oatisfled  by  one  and  the  same  number.  Hence  we  have  i. 
inate  roquiremratB.  mncb  in  the  same  manner  that  TOologists  and  botJinisU  sub 
«  eharacteii.  and  to  select  that  atomic  weight  which  fblsla  tbe  g)«st«at  tram  tier 
er  the  moat  important  of  them.  Many  of  the  lUacrepindei  which  were  forraeri] 
•  tMi  alttcl*  Tu  ■ilutB  (lt»)  (be  Ibmila  CHMn  wkicli  C  -  :).h»  born  ataoM  BatrmsO 
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CEKa* 
OHCl» 


dioa^t  to  exist  between  the  numbevB  deduced  veepeetiTely  from  chemical  and  physical 
oi>n«deintiona»  hmye  of  late  yeaTS  been  satisfiictorily  explained  away ;  and  we  bare 
ertrj  reason  to  beliere  that  with  increasing  knowledge  leading  to  higher  generalisations, 
all  saeh  anomalies  as  at  present  exist  will  also  disappear. 

In  a  determination  of  the  least  indirisible  oombming  proportion,  or  chemical  atom 
of  a  bedy,  it  is  dear  that  poiely  chemical  considerations  most  be  entitled  to  the  greatest 
weight,  and  to  some  of  these  we  will  now  direct  onr  attention.  If  we  examine  m  ar  s  h- 
gas»  ftv  instance^  we  soon  perceive  that  its  moleenle  contains  fonr  atoms  of  hydrogen ; 
because  we  find  omrselTes  able  to  displace  one-fonrth,  or  two-fbnrths,  or  three-fourths, 
or  four-fourths  of  its  hydrogen.  In  other  words,  we  find  that  its  hydnsen  is  divisible 
into  four  equal  parts ;  and  as  the  atom  of  h^droj^n  expresses  tiie  least  indiTisible  part 
of  hydrogen  that  can  enter  into  a  combination,  it  is  evident  that  manh  gas  must  oon> 
tain  four  of  such  parts,  or  Ibur  atoms,  of  hvdro^.  Thus  taking  the  framula  OTE*  for 
maiah-gsa,  we  have  the  following  series  of  derivatires,  the  constitation  of  which  could 
not  be  expfcned,  save  by  according  ibur  atoms  of  hydrogen  to  the  moleenle  of  the  gas. 
OH«  Harsh-gas  Om 

C  BKH      Chloride  of  methyl  0*  H*Na  Sodium-methyL 

Bichloride  of  meuiylene    .  . 
Chloroform  C'HI'  Iodoform. 

Tetrachloride  of  carbon 

Hence  the  metamotphosee  of  marsh-gas  show  that  the  meet  sim^  formula  by  which 
the  ratio  of  its  carbon  and  hydrogen  can  be  expressed,  namelv,  CH,  is  not  the  proper 
formula  of  the  body.  Again,  the  Quantity  of  marsh-gas,  which  is  the  resultant  of  any 
leaction,  cannot  be  expressed  with  less  than  four  atoms  of  hydrogen.  Thus,  when 
acetic  acid  is  decomposed  by  heat,  we  hare  the  reaction,  C>"H*0*  »  C'H*  -r  C'O^ 
The  quantity  of  carbon  C,  which  unites  with  4  pts.  of  hydrogen  to  form  marsh-gas, 
unites  with  32  pts.  of  oxygen  to  form  carbonic  anhydride ;  but  whereas  the  quantity 
of  hydrogen  in  marsh-gas  is  experimentally  diyisible  into  4  pts.,  the  quantity  of  oxy- 
gen m  carbonic  anhydride  is  experimentally  divisible  into  2  pts.  only ;  so  that  while 
we  represent  mainh-gas  by  the  formula  0*  H\  we  represent  carbonic  anhydride  by 
the  formula  0*  O',  as  will  be  again  refexred  to. 

The  same  dass  of  chemical  reasons  which  induce  us  to  regard  marsh-gas  as  tetra- 
bydric  also  induce  us  to  regard  ammonia  as  trihydric  In  ammonia  we  can  replace 
one-third,  or  two-thirds,  or  three-thirds  of  its  hydrogen,  but  we  cannot  replace  one- 
fouith,  or  two^fourths,  or  three-fourths.  The  hydro^n  in  marsh-gas  being  divisible 
into  4  equal  parts,  the  hydrogen  in  ammonia  is  divisible  into  8  eqmU  parts  only,  and 
consequently  the  molecule  of  ammonia  contains  3  indivisible  proportions  or  atomH  of 
hydrogen.  We  are  acquainted  with  many  ammonias  in  which  one,  two,  and  three- 
thirds  of  the  hydrogen  are  displaced,  for  example : 

N'H*     Ammonia.  N'  HP  Diniodamide 

K'H'K  Fotassamine  N'Hg*  Trimercnramine,  &c.  &c 

But  the  most  striking  illustration  of  displacement  by  thirds  is  afforded  by  Hofmann's 
i«searches  on  the  volatile  aUuiloids,  in  which  he  successively  displaced  one,  two,  and 
three  atoms  <^  hydrogen  in  ammonia  by  a  mere  ooi.tinuation  of  one  and  the  same 
process: 

Ammonta.  BtbjUs.  Dtct'byKa.  Trfcthylla.  Etii7l.inKhyl.aiilline. 

(H  (H  (H  (Et  (£t 

N*  Jh  N*  ^H  N'  ^Et  N*  ^Et  N*  ^Me  &c  &c 

<H  (Et  (Et  (Et  (Ph 

Again,  in  ninety-nine  cases  out  ci  a  hundred,  the  quantity  of  ammonia  which  is  the 
agent  or  resultant  of  a  reaction,  must  contain  3  or  some  multiple  of  8  atoms  of 
hydrogen.  Thus  when  ammonia  results  from  the  hydrogenation  of  nitric  acid,  we 
obtain,  for  every  molecule  of  nitric  acid  containing  1  atom  of  hydrogen,  a  quantity  of 
ammonia  containing  3  atoms;  and  when  ammonia  reacts  with  l^nzoic  chloralde- 
hyde  to  form  henzamide  and  sal-ammoniac,  we  require,  for  every  molecule  of  benxoic 
chloraldehyde  decomposed,  a  quantity  of  ammonia  containing  twee  3  atoms  of  hydroeen, 
2N*  H" ;  and  so  in  other  instances.  In  the  great  mi^'ority  also  of  compounds  which 
ammonia  forms  directly  with  other  bodies,  the  Quantity  of  combining  ammonia  mast 
necessarily  be  represented  with  3  or  some  multiple  of  3  atoms  of  hydiogen.  Thus  the 
single  molecule  of  aldehyde  unites  with  N*  H",  and  the  single  molecuk  of  nitrate  of 
silver  with  2N'  H*.  &c  Express  these  combinations  or  reactions  how  we  please,  we 
camnot  represent  them  save  with  a  proportion  of  ammonia  containing  3  or  some  mul- 
tiple of  3  atoms  of  hydrogen;  and  ninety-nine  cases  out  of  a  hundred  will  yield  the  same 
rosidt.  In  those  few  exceptional  cases  m  which  the  combining  or  reacting  ammonia  need 
not  necessarily  be  represented  with  3  atoms  of  hydrogen,  it  may  be,  and  we  contend  ought 
!o  be,  so  representea.    Thus  when  ammonia  is  decomposed  by  excess  of  chlorine,  the  re* 

action  might  be  expressed,  thus    N^H-»  Cl*-»  N^Cl  +  HCl:  but  it  is  quito  certain 
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thit  tlis  moleenl*  of  ehloride  of  nibwen  canUiu  3  mt  of  chlorine  and 

liie  reulioii  br  whidi  it  i>  produced  onght  to  b«  ocpreMed  thu :  K*  u-  *  u' 

H'  CI*  +  8HC1 ;  and  w  in  other  inatBDces. 

Tbe  same  cUm  of  ehemJcdl  reuona  which  indoot  ni  to  ngud  maiih^ia  u  tri 
hydric uid ammoDU lis  trih jdric,  sUo induce  us  to  ngard  wiiterudihTdnc  loin 
we  eanrecJaee  MW-hilf  or  two-halves  of  the  hydrogen,  but  we  cvmotrepUee  ooc-il 
or  two-thuds  as  in  uninonu,  or  one-fomth  or  thrM-faarths  u  in  mush-gis.  If 
act  DpoD  water  O*  H'  h;  met&Uic  potaxium,  we  di^Uc«  one-balf  its  hjdnven  to  Ic 
the  Terj  deflaite  bodj  b/drate  of  potiuiiam  0*  HH  ;  and  if  we  act  npoo  hjdnl< 
potsBBimn  bj  potassium,  we  diapUce  the  other  half  of  the  hydrogen  and  fotm  azid 
petaMium  O'  KK,  Of  instead  of  intrododng  a  seamd  atom  of  nitaainm,  we  i 
tnm  ont  the  Hnt  one.  Thns  if  we  treat  b7dnl«  of  pottuuiam  O*  EK  with  iodid 
ethyl  we  obtain  akohol  O*  EtH,  or  we  pnC  a  moleoolar  gnapinK  called  ethyl  in 
place  of  the  potassinin,  which  displaced  one-half  the  hydlroMn  <rf  the  water.  Nir 
we  act  DpoB  the  alcohol  thns  formed  by  potasaingpi.  it  behavea  exactly  as  did 
hydrate  tn  potasaiom,  or  in  other  words  it  yields  the  remaining  half  ck  the  orig 
hydrogen  in  exchange  for  potassiiun,  and  we  obXasait^ylattof  potoMiium  O*  EtlL 
we  now  act  upon  this  new  body  by  the  iodide  of  methyl  or  ethyl,  we  torn  ont 
polaaaium  representing  one-half  the  original  hydrogen  and  obtain  lAgittt  of  an, 
O-  EtMe^  or  ethyUitt  of  ethyl  O"  EtEt 

Again,  in  niaety-nina  cases  oat  of  a  huidi^  the  quantity  of  water,  vdiich  ia 
agent  or  reanltant  of  a  reaction  most  eootain  2  or  some  mnltiplB  of  2  atomi 
hydrogen.  Thns,  whenever  an  alcohol,  ketone,  or  any  definite  organic  sutMa 
yields  a  hydrocarbon  or  other  componnd  by  dehydration, — wbenerer  an  organic  i 
yields  a  pyroacid,  or  other  [^rogenons  prodact  by  dchydratiou, — whenenr  a  Ml 
ammonia,  phenylamine,  or  other  volatile  alkali  loses  water, — and  wheuerer  two  c 
ponitds  act  npon  one  another  to  fonn  a  new  body  with  BimultflneDos  eliminatiM 
water,  whether  the  action  be  that  of  an  acid  npon  a  hydrocarbon,  of  an  acid  ii~ 
in  an  "Ifculi,  of 
.1  aldehyde,  o  _  .  .  , 

water  eliminated  inevitably  contains  %  or  some  ma!tip!e  of  3  atoms  of  hydir^ 
Moreover  whenever  a  eoqjngated  componnd  or  diameride,  a  chloraldebydc,  an  orp 
metallic  body,  &e.  &&,  is  decomposed  by  water,  the  quantity  of  wat^  whidi  n 
most  neceasarily  be  repreaented  with  3  or  soma  mnltiple  of  3  atoms  of  hvdni 
For  example,  when  water  reacts  with  hipporic  add  to  form  bensoic  acid  and  glycec 
for  every  molecule  of  biminric  acid  deoompoaed,  we  reqnire  a  qoanlity  of  water  i 
taining  O*  H*.  When  gfyeerin  becomes  aoolein  by  ddiydration,  for  erar  nnle 
of  ^jcerin  decomposed  we  obtain  a  qnantit^  of  water  containing  90*  H*.  V 
nitne  add  reacts  with  nspblhalene  to  form  mtiD-naphthaleiie,  for  every  mdecnl 
nitric  add  which  reacts,  we  have  eliminated  a  qoanti^  of  water  containing  O 
When  acetate  of  ammonia  becomes  cyanide  of  methyl  by  loss  of  water,  for  e< 
moleenle  of  the  salt  deiwmpased,  we  liboate  a  qnantity  n  water  containing  SO*  H> ; 
so  in  an  infinite  nomber  of  other  iDBtaneea.  Again,  in  the  m^oritj  of  direct  compot 
which  water  forms  with  other  bodiea,  the  combining  water  mnst  be  rcf]TeKnt«i  1 
two  atoms,  or  some  mnltiple  of  two  atoms  of  hydrogen.  Thns  the  inolecale  of  gin 
difen  from  that  of  fractoee,  and  that  of  Isctine  diffen  from  that  of  dextrine  bj 
addition  of  0*  H'.  The  molecule  of  turpentine  becomes  hjdrat«d  torpentini 
abeorbicg  SO*  H'.  and  so  in  many  uther  instances.  Tbe  water  of  crystalliaatin 
the  great  majority  of  bydratad  bbIIs  munt  bo  reprtaentBd  with  %  atoms,  or  a 
■  ■  ■      -  ~  "  ■         iwsa.     Thus  the  molecniee  of  chloride  of  barium,  nitial 

,  _..  .  if  copper,  crystallise  with  0*  H";  the  molecules  of  nit 

of  cadmium,  chloride  of  mangauMe.  and  nitrate  of  calcium  with  20*H'  ;  the  d 
enlw  of  chloride  of  calcium,  nitrate  of  magneeium,  and  acetate  of  aodinm  with  SO* 
the  molecniee  of  microcosmic  salt  and  hydrate  of  barium  with  40*  H* ;  the  moleea] 
borax  with  fiO*  H" ;  tie  molecniee  of  uiloride  of  alnminimn  and  potsssio-salphal 
nickel,  with  60*  H* ;  the  molecule  of  common  arsenate  of  sodium  with  7  or  1 1  0* 
and  the  molecules  of  alum  and  rhombic  phosphule  of  sodium  with  120'  H',  &c. 
There  are  some  comparatively  few  salts,  the  acetate  of  baHom.  for  example,  in  wi 
the  water  of  crystalKsation  might  be  repraeented  by  ^O*  H',  or  by  IJO*  H",  ic, 
none  in  which  it  need  be  so  represented;  while  there  axe  scucely  any  reactions  in  *! 
the  resulting  or  reacting  water  could  possibly  be  expressed  by  f  0*  H*  or  l^O*  ff, 
none  in  which  it  would  be  correctly  so  expressed. 

We  have  mentioned  above  that  the  quantity  of  carbon  which  unites  with  1 
■eparable  portions  of  hydrogen  to  form  maiah-ns,  also  suites  with  two  sf^ian 
portions  of  oxygen  to  form  carbonic  anhydride.  Kow  each  of  theae  separablt  portj 
of  oxygen  is  identical  with  the  quantity  of  oxygen  0*,  which  unites  with  3  part 
hydrogen  to  (bm  water. 
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tmtfdjt  ^Hmo  we  eome  to  flsamine  hydrochloric  acid,  we  are  voahleto  show  that 
its  hjdrogen  is  diTuible,  and  we  oonseqnently  look  upon  its  molecule  as  containing  bat 
one  atom,  or  one  indineible  proportion  of  hydro^n;  whence  we  represent  the  oom- 
poond  bj  the  formula  Cl'H;  and  we  may  anticipate  here  by  remaridng^  that  all 
physieal  cridenoe  tends  to  show  that  the  moleonles  of  marsh-gas,  ammonia,  water,  and 
ehlorhydrie  acid  contain  respectirely  four,  three,  two,  and  one  atom  of  hydrogen. 

In  addition  to  the  class  of  binai^  hydrides,  the  atomic  weights  of  the  principal 
inemben  of  which  we  hare  jnst  considered,  there  is  another  laise  dass  of  hydrogenised 
bodies,  namely,  the  dass  of  ternary  or  oxacids,  the  correct  ^termination  of  whose 
molecnles  is  of  the  highest  importance.  The  molecule  of  oxalic  add,  for  instance,  may 
be  repreaented  by  the  formula  C 'H0'» ',  or  C>"  '  H*CM" ',  according  as  the  add  is  found 
to  be  monhjrdric  or  dihydric,  monobasic  or  dibasic.  Now  the  polybasidty  of  an  add 
doea  not  depend  in  any  way  upon  the  indirisibility  of  its  formula,  but  solely  upon  its 
powseasion  of  certain  specific  characters ;  and  the  examination  of  the  properties  oi  oxalic 
•cid  soon  shows  us  that  its  molecule  must  be  represented,  not  by  the  more  simple  mono- 
biiaic;  bat  by  the  more  complex  dibasic  formula.  In  fact  the  same  dass  of  chemical 
teaaons  which  induce  us  to  regard  water  as  dihydric^  must  also  induce  us  to  regard 
ozalie  add  as  dihydric,  and  so  in  other  instances.  Inasmuch  as  the  modes  of  dis- 
tinguiahiwg  between  monobasic,  dibasic,  tribasie^  and  tetrabasio  adds  have  been 
minutely  set  forth  in  the  aitide  Acros,  it  is  unnecessary  here  to  repeat  them.  We 
will  only  obserre  that  certain  special  adds,  to  the  properties  and  metamorphoses  of 
which  we  shall  presently  hare  oocadon  to  adyert,  are  prored  by  their  specific  charae- 
tera  to  be  dihyuic  and  dibasic,  namdy : 

Carbonic  add HKI'O*"' 

Oxalic  add H»C*0*«* 

Sulphurousadd H%'0*"« 

Sulphuric  add H%«0«"' 

We  will  now  turn  oor  attention  to  the  atomic  weights  of  the  four  elements  with 
which  the  hydrogen  of  the  four  primary  hydrides,  whose  atomic  weights  we  have  oon- 
aidered  somewhat  minutely,  is  combined ;  whereby  it  will  appear  that  the  quantities  of 
cmrbon,  nitrogen,  oxygen,  and  chlorine  which  we  haTe  represented  by  the  symbols 
O* ,  N* ,  O* ,  and  CI* ,  respectiydy,  constitute  the  atoms  of  these  dements,  or  the 
amallest  indlTidble  proportions  of  them  which  can  enter  into  chemical  combination. 
To  begin  with  carbon:  we  wish  to  prove  that  12  parts  of  that  element,  or  the 

Suantity  thereof  which  combines  with  4  parts  of  hydrogen  to  form  marsh-sas,  is 
be  smallest  proportion  of  carbon  that  can  exist  in  a  compound.  We  find  in  the 
first  place  that  the  quantity  of  carbon  eontained  in  the  great  migority  of  carbon-com- 
pounos  must  neoesssrily  be  represented  by  12,  or  some  multiple  of  12  parts.  We  may 
adduce  in  illustration  of  this  podtion,  the  pzimaiy  series  of  homologous  fiitty  adds  an) 
their  sodium-salti. 

Formic        .    C«««H«0»«-  C»«>«H  NaO»««       .    Formate 

Aieede         .    C««"H«0«««  C«*"H«NaO»«       .    Acetate 

Propionie    .    C««"H«0««»  C«»"H»NaO»««        .    Propionate 

Butyric       .    C*»»H«0««'  C«««H»NaO-«t        .    Butyrate 

Valeric       .    C»«"H»*0««'  0» « »H»  NaO* « t        .    Valerate 

Caproic       .    C««"H'H)«»-  C««»H"NaO«««        .    Caproate 

The  ratio  of  carbon  to  hydrogen  in  the  sodium-salts,  necesntates  our  expressing 
the  constituent  carbon  as  a  multiple  of  12.  The  mere  ratio  of  carbon  to  hydro^n  in 
the  adds,  would  allow  the  carbon,  in  all  of  them,  to  be  expressed  satisfactorily  by 
numbers  which  are  not  multiples  of  12,  but  of  6.  Valeric  add,  for  instance,  might  bo 
represented  by  the  formula  C*"HK)*;  but  the  dreumstanoe  that  oro-tenth  part  of  its 
hydrogen  can  be  displaced  by  sodium  prerents  the  possibility  of  our  hidving  the 
hydrogen  in  its  molecule,  and  consequently  of  our  reducix^  its  caroon  from  a  mutiple 
of  12  to  a  mere  multiple  of  6. 

From  the  circumstance  that  all  carbon-compounds  must  be  represented  with  12 
parts,  or  some  multiple  of  12  parts  of  carbon,  it  follows  that  whenever  two  compounds 
differ  firom  one  anotner  by  the  different  proportions  of  carbon  which  thev  reepectiTely 
contain,  that  difference  amounts  to  12  parts  of  carbon,  or  to  some  multiple  of  12  parts. 
Thus,  ioood-tpirii  consists  of  16  pts.  of  oxygen,  4  pts.  of  hydrogen,  and  12  ptsw  of 
carbon,  whereas  in  aldthyde  we  have  another  12  parts  of  carbon,  and  in  acrolein  two 
other  12  parts  of  carbon  in  addition,  so  that  the  three  bodies  may  be  represented  l^ 
the  lespectiTe  formuls : 

C»»"H*0' Wood-spirit 

C»«»H*0*.  .        .        .    Aldehyde 

G*"*'H*0'.        •        •        •        •    Acrolein 
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^e  BKi  not  Mqnainted  wiUi  uij  bodin  intermediate  in  omnpetitian  lwt«<eMi  voi 
•irit  and  ■ldeli<'de,  or  betwMn  ildehyde  and  acrolein,  nor  hare  m  anj  peawjfi 
iticipate  theirformation  atanj  filtaretime.  Again  ti>Jiinucontaini8p«rtBafhjdni| 
lited  with  seven  ttmea  12  parts  of  carbon ;  whtntadnnamene  Miiitaini  aniither  IS  pa 
Tcarbon,  toA  napilialeiu  tiaee  othnr  12  parte  of  carbon  in  addition,  thos: 

C'l'S* Tolncno 

()•■"  H* Cinnamene 

C""'H' Wanting 

0*>>*H' Naphtlialena 

[oir  the  probabiiitj  amonnts  almost  la  a  certuntj  tliat  a  hydnearboil  intmnedl 
rtveen  cinnamene  and  naphttialenc  will  be  diacoTered,  aod  Uiat  a  hjdrocarbmi  int 
lediale  between  tolnme  and  einDamene,  or  between  dnnamene  and  the  expected  ec 
ooDd,  or  between  the  expected  componnd  and  naphthalene  will  not  be  diacorered. 
>llowi  also  that  when  Oaiboo.  pine  lome  other  elsmeot  or  elemente,  ia  added  la 
ik«n  from  a  body,  the  quantity  of  carbon  added  or  sabtncted  i*  alwsje  12  porta, 
[>me  multiple  of  12  parta.  Thns  the  niolecnle  of  Mdivm-tthyl  abaorbe  IS  parb 
Hrboii,  plna  some  ongen  to  fonn  propionait  of  lodnim  ;  aeotiiiie  add,  hj  the  Iom 
2  parts  of  carbon,  pfu  some  oxygen,  becomes  cUracorue  acid ;  and  piilialic  add,  bj 
:ss  of  twice  12  parte  of  carbon,  pine  some  oxygen,  becomee  brntent.  Xorrora 
hoM  seriea  of  componnde  known  as  bomologooi,  the  qnantity  of  carbon  in  f. 
occeiaive  member  of  the  series  increaaei  bj  12  paita,  as  shown  in  a  preceding  labli 
be  fatty  acids  and  their  Bodinm-Bolts.  All  chemigta  recognise  the  fact,  whirb 
adeed  mdispntable,  that  (he  smalleat  increment  or  decrement  of  carbon  that  can 
Acted  in  a  compound  is  12  times  as  great  as  the  emalleat  quantity  of  hjdro| 
hat  can  be  introduced  into  or  displaced  ut>m  a  componnd;  so  that  if  the  entire  aerie 
arbon-eomponnds  ia  to  be  rniresented  by  the  simpleet  astiiitiictoiy  fbrmnlf,  the  atoa 
malleet  combining  proportion  of 'Carbon  must  be  repiveented  as  haTing  IZ  timca 
reight  of  the  atom  or  smallcet  combining  proportion  of  h^dro^^en.  Bnt  some  deot 
rho  liom  old  association  still  accord  to  carbon  the  atomic  weight  S,  cmaider  that 
arboa-eomponnds  contain  an  even  nomber  of  atoms  of  carbon,  aod  that  ia  the  dect 
loaitions  and  recompositioni  of  these  compoiinds,  two  inseparable  carbon'Stonu 
Iways  concerned.  Bat  if  we  understand  toe  smallest  inseparable  or  indiTigible  [ 
lOrtion  of  an  element  to  constitute  its  atom,  the  conception  of  two  inoetiaisblj  ai 
iated  atoms  is  dearly  illogical.  Two  small  atoms  of  carbon,  haTing  ■  -'  - 
I,  if  they  can  never  be  sepamted  &om  each  other,  mnat  nececesoarilj 
uge  stem  of  carbon  fasTing  the  value  12. 

There  are  two  well-known  compounds  of  carbon,  nauelj.  eaibonie  oxide,  and  ' 
■onic  anhydride,  which  may  possibly  he  regarded  as  oonstitnting  exceptions  to  sc 
if  OUT  previonaly  made  isaertionB.  Thns  the  molecidea  ot  theaa  two  bodiea  maj 
epreaenled  by  one  or  other  of  the  following  pain  of  fonnola : 

C'"'0'-'  Carbonic  oxide  C""0'"" 

C"  ■  ■  d»"  Carbonic  anhydride  C-  '■  0"  *• 

fow  provided  we  recognise  the  dibuicily  of  the  carbonic,  oxalic,  and  other  similBr  ac 
B  their  chemical  properties  rcqaire  os  to  do.  it  is  quite  certain  that  a  praportiOD  of  at 
arbonie  oxide  or  carbonic  anhydride,  containing  only  6  parts  of  carbon,  is  ineapt 
if  effecting,  or  of  reiulting  fiimi.B  definite  chemical  reaction.  Carbonic  anhydridi 
•rticulsr,  is  n  very  freqneni  product  of  chemical  action,  but  in  no  definite  decomp 
ion  do  we  ever  obtain  s  smaller  proportion  of  the  gas  than  that  represented  b^ 
larts  of  carbon  plus  32  of  oxygen.  A  few  illuatrationa  are  appended  of  the  formatiiu 
arbonic  oxide  and  carbonic  anhydride,  &om  the  decomposition  by  heat  of  three  mn 
lasie  adds,  namely,  tiie  formic,  acetic,  and  benzoic  ;  of  two  dibasic  acids,  namely. 
Kaljc  and  tartaric ;  and  of  one  tribssic  add,  namely,  the  aconitic,  the  decompoail 
f  which  last  has  been  before  refeiTed  to. 
Fonnicadd  .     C'"''H'0'"    ~   c'""0"'*    +    H*0 

Aceticamd  .     (?'"H*0"-    =   C'l'D*"'     +    C'""H' 

Oxalieadd  .     C^'i'SK)"'    -   C"'"0'"'    +    C " " O*'' f  ITO* 

Benzoieadd  .  C""H»0'"  -  C'""0' ■■  +  C"*  H" 
bMuicadd  ,  C*'"H*0'-'  -  C ■  "0«  ■•  +  C-"H«0"»  +  HH> 
Aconiticadd  .  C'^'n'O'"  -  c'""'0'-'  +  C'HH)'".  . 
With  regard  to  nitrogen,  all  chemist*  are  agreed  that  14  parta  of  that  dew 
T  the  quantity  thereof  iritich  combines  with  S  parta  of  nitrogen  to  form  «™»m»;^ 
he  smallest  prt^iortioti  of  nitrogen  that  can  exist  in  a  combination.  Wb  find  that 
uanti^  of  nitrogen  contained  in  the,  great  m^ority  of  nitrogenooi  componoda. 
luding  all  suite  of  ammonia  and  of  organic  alkuloid*,  must  necaaarily  ht  ttftnai 
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314  pnti^  or  lome  miiltinle  of  14  ports.  Amoi^  miflcellaneoiiB  bodies  we  may 
clooe  cyanogen,  indifio,  and  nitric  add,  each  of  which  contaiiis  14  parts  of  nitro^n ; 
ma,  asparaguit  and  {fiysammie  acid,  each  of  which  contains  twice  14  parts  of  nitio- 
gra ;  creatine  and  carbacotie  add,  each  of  which  contains  three  times  14  parts  of 
nitmsen ;  uric  add  and  caffeine,  each  of  which  contains  four  times  14  parts  of  nitrogen, 
^G.  £c  From  the  dreomstanoe  that  all  nitrogenoos  compounds  must  be  represented 
with  14  parts  of  nitrogen,  it  follows  that  whenever  nitrogen  is  liberated  by  a  chemical 
reaction,  and  whenerer  nitrogen  plus  some  other  element  is  introduced  into  a  chemical 
compound,  the  quantity  of  nitrogen  concerned  must  be  represented  by  14  parts  or  some 
multiple  of  14  parts.  Thus  by  the  action  of  nitric  acid  upon  the  hydrocarbons,  and 
upon  a  great  Tarie^  of  other  compounds,  we  can  introduce  into  the  compounds  14  parts, 
or  twice  14  parts,  or  three  times  14  parts,  &c.  &e.  of  nitrogen,  whereas  we  cannot 
introduce  any  intermediate  proportion.  Again,  when  sal-ammoniac  is  decomposed 
by  chlorine,  for  eyezy  moleeule  of  the  salt  decomposed,  14-  parts  of  nitrogen  are 
liberated ;  and  when  nitrate  of  ammonia  is  decomposed  by  metaUic  sine,  for  eyery 
molecule  of  the  salt  decomposed  twice  14  parts  of  m'trogen  are  liberated; 
and  so  on.  There  are  a  few  bodies  formed  on  the  type  of  one  or  more  atoms  of  am- 
noaia,  in  which  the  ratios  of  the  constituent  elements  might  be  satisfactorily  expressed 
by  formnlft  in  which  the  quantity  of  nitrogen  represented  was  not  a  multiple  of  14. 
IjiQS  trimercuramine  mig^t  be  represented  by  the  formula  N*><^''Hg,  and  tri- 
ethylamine^  l^  the  formula  N'  "^'^C^*.  Similarly,  all  deriyatiyes  of  ammonia  in 
which  the  whole  of  the  hydrogen  is  displaced  by  one  and  the  same  metal,  hydrocarbon, 
or  halogen,  miffht  be  represented  by  formuhe  in  which  N  b  4*7 ;  which  formula 
moreoyer,  wonla  be  more  simple  than  those  in  which  N  «*  14.  But  the  same  class  of 
reasons  which  induces  us  to  represent  the  molecule  of  ammonia  with  3  atoms  of 
hydrogen,  induces  us  to  represent  the  molecules  of  these  bodies  with  8  atoms  of 
metal,  radicle,  or  halogen.  Thus  triethylamine  is  the  third  of  a  series  of  compounds, 
namely,  N» «  "M^C»H»),  N' «  "H»(C*H»V,  and  N» »  "(C»H»)»,  obtained  sucoessiyely  by 
a  contmuance  of  the  same  reaction,  moreoyer,  a  quantity  of  triethylamine  containing 
less  than  14  parts  of  nitrogen,  is  not  suffident  to  effect  any  decompodtion,  or  to 
combine  with  the  molecule  of  any  add  or  salt.  It  is  obseryable  that  the  entire  series 
of  compounds  is  represented  most  simply  by  formula,  in  which  N  *  14,  although  one 
paiticuiar  member  of  the  series  may  be  represented  most  simply  by  a  formula  in  which 
N  «  47. 

Let  us  now  direct  our  attention  to  oxygen.  We  wish  to  show  that  16  paita 
of  that  element,  or  the  quantity  thereof  which  unites  with  2  atoms  of  hydrogen  to 
form  water,  is  the  smaUot  proportion  of  oxygen  that  can  enter  into  a  combination. 
"We  find  in  the  first  place  that  the  quantity  of  oxygen  contained  in  the  great  m^jori^ 
of  definite  oxidised  compounds,  must  necessarily  be  represented  by  16  or  some  mul- 
tiple of  16  parts.  Thus  the  molecules  of  all  hydrates,  double  oxides,  acids, 
oxisalts,  aldehydes,  ketones,  alcohols,  oxacid-ethers,  and  a  great  number 
and  yarie^  of  other  compounds,  doubtless  forming  together  99  per  cent,  of  all  known 
compounds  of  oxygen,  cannot  be  represented  8aye  with  16  parts,  or  some  multiple  of 
16  parts  of  oxygen.  For  example,  the  molecules*  of  hydrate  of  potasaium^  benzoic 
aldehyde^  acetone^  chloral^  l^pocnloriU  of  sodium,  &c.  £c  each  contain  16  parte  ot 
ooqrgen.  The  molecules  of  apinetle,  broum-hmmaiite,  camphor^  bemile,  acetate  of  sodium, 
hentoie  acid,  &c,  &c  each  contain  twice  16  parts  of  oxygen.'  The  molecules  of  nitric 
acid,  glycerin,  chlorate  of  potoMium,  salicylic  acid,  augite,  &c.  &c  each  contain  three 
times  16  parte  of  orjrgen.  The  molecules  of  phosphate  of  sodium,  perchloric  ether^ 
aamct,  olivine,  sulph^nic  acid,  &c.  &c.  each  contein  four  times  16  parte  of  oxygen. 
The  molecules  of  starch,  acid  tnalate  of  lead,-  nitrosalicylic  acid,  &c  &c.  eadi  contain 
fiye  times  16  parts  of  oxygen.  The  molecules  of  mannite,  cream  of  tartar,  &g.  &c.  each 
contain  six  times  16  parte  of  oxygen,  while  the  molecules  of  citric  acid,  pyrophosphate 
of  copper  and  sodium,  ^sc  &e.  contain  each  seyen  times  16  parte  of  oxygen,  and  so  on. 
From  the  drcumstence  that  nearly  all  oxidised  compounds  must  necessarily  be  repre- 
sented with  16  or  some  multiple  of  sixteen  parte  of  oxy^n,  it  follows  that  when  two 
bodies  differ  from  one  another  in  composition  by  the  different  proportions  of  oxygen 
which  they  respectiyely  contain,  that  difference  amounte  to  16  parte  or  some  multiple 
of  16  parte  of  oxygen,  as  is  well  seen  in  the  two  following  series  of  bodies. 

KCl  Chloride  of  potasnum  C^*  Ethylene 

KC10»»"  Hypochlorite  of  potassium  C»H«0»»"  Aldehyd 

KC10««"  Chlorite  of  potasdum  C«HK)««"  Acetic  acid 

KCIO^"''  Chlorate  of  potasdum  CH^O'"'*  Glyoolieadd 

KCIO*"^'  Perchlorate  of  potasdum  CH^O^"^  Glyoxylic  add. 

It  follows  also  that  the  quantity  of  oxygen  which  can  be  liberated  by  any  reaction,  and 
which»  either  alone  or  together  with  some  other  element,  can  be  added  to^  subtzaeted 
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tram,  at  dbpliued  in  a  eompcmnd,  mtut  be  13  or  *dd«  multiple  of  Ifl  puts.  I 
«ky  ttiii  aboold  be  ODleaiUui  IB  pertaemutLtata  ui  indirlsible  propoitioti  or  eiuaa 
atom,  ii  qoiCe  inconceiTsble.  Wa  nuj  addnag  the  Sdlowing  illiutratioiu.  E 
ndeeoie  of  nitnte  of  •odinia  decompoaed  b;  heat  into  otjgaa  and  nitrite  of  aodi 
jielda  16  put*  of  oiTgeo.  Each  molecnle  of  permapganate  of  '  -----  ' 
' ;  acid  into  oxjgen  and  mangaueae-alnm,  jield*  t 
Ue  of  eUante  of  potaaaium  deaompoaod  OT^heat  i 

__  ^ n,  jrielda  three  timei  16  part*  of  oxjgan.    Saeh  moleeole  of  peotaeUu 

«f  phondioiu,  MDveried  bj  trratiiietit  with  wat«  into  phonharic  ehlooldahjde 

S'  dmehloiie  acid,  aeqnirM  16  pari*  of  oKygeD  in  aidiange  for  an  eqniTalcait  qnu 
cUnine.  Each  atom  of  alcohol  conrerted  into  aldah^  bj  OMiUrion.  reaeta  ' 
16  pari*  eluxTgea.  and  each  atom  of  ala>bot  conrerted  into  aeetie  acid  bj  oxid« 
raacta  with  twice  IS  parts  of  ozjgen.  Each  moleenle  of  bromaeetic  aeid,eonTnte 
the  action  «f  water  into  gljrcolie  acid,  acqalra  16  parts  of  oxygen  and  1  put  of  hj 
gen,  in  eichange  tot  one  ^Uym  of  bromine.  Each  atom  of  beniene,  convnted  by  t 
toent  with  nilne  acid  into  nitrobensene,  acqnirea  twice  16  parts  of  oijgec.  asd  11  ] 
of  nitnigea.  in  exchange  for  one  atom  of  hydrogen,  and  ao  on.  Bat  predsoly  aa  t 
are  aome  nitrogeniaad  bodies  which  with  ue  atomic  weight  of  nitrogen  »  47.  ma 
divided  into  thirds,  and  can  thos  receire  aimplec  famraliB  than  with  the  atmnic  w< 
of  nitiogea  —  li ;  ao  are  there  aoue  wmpamtively  few  oxidised  bodiea  which, 
the  atomic  weight  of  oxmn  —  S,  may  be  dinded  into  halrea,  and  can  tbna  re> 
aisplcr  fbrmnhs  than  with  the  atiimic  wn^t  <^  onnD  —  16.  We  have  aenn,  1 
erer,  that  if  the  cranpaiablemoIecaUa  of  utzogeniaed  bodiea  were  coimotlyfiinnnJ 
they  would  all  be  w^resented  more  aimtdy  by  tbrmnla  in  which  N  —  11.  tha 
formnla  in  which  M  —  47 ;  so  it  will  appear  that  if  the  eonqiarable  tnolecalt 
(sidised  bodiea  w«e  oorrecUj  foimnlated,  they  would  all  be  repneeotcd  mom  aii 
by  hnaiim  in  which  O  —  16,  than  by  formnhe  in  which  0  -  a  Those  oiic 
bodiea  in  which  (he  ratio  of  the  oxygen  to  the  other  aonatitacnt*  can  be  aattsfail 
expnmd  1^  ■**'g"'"g  to  the  oxygen  a  nomber  which  is  not  16  or  a  multiide  ol 
but  only  8  or  a  naltiple  of  S,  eompriae  moat  con^Knuida  in  which  the  oxygHi  ia  ni 
with  one  kind  of  matter  OD^,  inchiding  all  the  simple  mrtallis  oxides.  Tboi  ini 
and  lime,  the  ratio  of  the  constituent  oxygen  to  the  hydrogen  and  caldnm  raperti 
ia  IS  satiAetoii^  e^reassd  Iw  the  formula  0' ■*  *H,  and  0'**Ck  (a  by  the  fort 
0'*'*H>attdO'i''*Ca\  Theonlyqneationia, whichofthesepainoffbrmolareprFi 
the  molecilee  of  the  two  bodies.  Howitis  no  more  neceaaiy  to  argne  the  point  wfai 
O*  ■  'Ca,  is  the  correot  expression  for  the  metallic  oxid^  lime,  than  it  was  to  ■rg°' 
point  lAether  N'  ■  '''Hg,  waa  the  correct  ezpreesioD  for  the  metaHie  nitirida,  me 
•min^  The  accordance  of  a  bnhydiic  formula  to  a^mnnij,  neeesaitatai  the  aoeord 
of  a  trimetallic  formula  to  mercnranunc;  and  in  a  precisely  similar  manner,  tbe  ao 
Boce  of  a  dihjdric  formula  to  wat«r  necessitates  the  aocoidanee  of  a  dimetallie  for 
to  lime.  It  may  be  obeerred,  moieorer,  that  many  strictly  comparable  renctians  ci 
effected  by  means  of  water,  hydrate  of  caldnm,  and  lime  respectiTely,  and  that  in  I 
coses  the  quantities  of  the  reagSBti  can  only  be  ezpreaaed  by  the  fonnnln  O'  *  " 
0'""HCa,  and  0'""CaGa.  Again,  in  bodies  analogoos  to  ordinary  ether  am 
homogeneoiu  anhydrides,  the  ratio  of  the  oxygen  to  the  other  eonstitumts  mi 
satiilactorily  reOTcaented  by  formula  in  which  the  proportion  of  oxygen  is  exprenc 
8  parts  only.  Thus  ether  msy  be  represented  by  the  formnla  0''*£t,  and  ben 
anhydride  by  the  formula  O'  ".Bi;  bat  all  aiStUDent* founded  on  mode  of  Ibnna 
on  reactions,  on  vaponr-deoaitiea,  on  seriated  position  snd  pr^ertie*,  &c  tend  to  i 
that  the  abore  formula  are  not  correct  expreesioiiB  of  the  moleeolea  of  tlie  t> 
representfll,  which,  like  that  of  water,  contain  IS  parts  of  oxygen.  Thoa^  etlier  ii 
of  the  foUowiog  geriea  of  bodiea :  0'>  '*HEt,cthyhileof  hydrogen,  or  alcohol;  0>  ■  "SI 
ethylate  of  methyl;  0'>"EtE(,  ethjlate  of  ethjl  or  ether;   0""*FlEt,  ethyli 

ayl ;  and  benzoic  anhydride  is  one  of  the  following  seria  :  O'  ■  "Hl^  bcmsoa 
osen,  or  benzoic  acid ;  O'  ■  "BeBi,  benroste  of  benioyl,  or  benzoic  anhyd 
fS'  *  "AcBz.  benioste  of  acetyl,  or  aceto-benzoic  anhydride ;  tec  be  Lsotiy,  in  re 
dibasic  acids  and  their  lalts  of  one  metal,  the  ratio  of  thn  ongen  to  the  otha 
stituents  may  be  tatiBfactorily  expressed  by  monobasic  formula,  in  which  Ihs  oxyj; 
e^iressed  not  as  a  multiple  of  IS,  but  aa  a  multjple  of  B.  Thus  enlphoioiu  aod 
■nlphite  of  aodium  may  be  formnlatedaa  follows :  HS^O"",  and  ITaSlQ"*,  m 
tirely.  Bat  aa  we  have  before  obnerred,  the  diatinctiatia  between  monobsoic  am 
bsaicscids  and  their  salts  are  VFiydeddftd;  and  inasmuch  as  thMS  adds  and  nit 
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NH*NaS*0»«w 


CaHCO"«" 

MgCaCO*  « »• 

Mu^  ehemistSi  who  acknowledge  that  the  molecule  of  water  consiatB  of  2  parts  of 
hydrogen  united  with  16  pta.  of  oxjgen,  and  that,  in  ninety-nine  cases  ont  of  a 
huadivd,  the  smallest  quantity  of  oxygen  that  can  enter  into  the  composition  of  a  well- 
defined  moleenle  must  be  represented  by  16  parts,  prefer,  from  old  assoeiatio«v  to 
aeoocd  to  oxygen  the  atomic  weight  8,  and  to  admit  that  all  oxygenated  mc^ecoles 
ooatain  two  insepanbly  associated  atoms  of  oxygen,  or  some  mnltiple  of  two  insepaFsbly 
■Mnciat<d  atoms.  Thus,  the^  represent  wat«r  by  the  formula  H'O*  "  *  iostead  of  HH5, 
and  nitne  acid  by  HNO* " "  instead  of  HNO\  &c.  This  practice  is  evidently  most 
inconsequent:  for  the  conception  of  two  inseparable  proportions  of  8  each,  amounts 
after  all  to  that  of  one  indiTisible  proportion  of  16,  that  is  to  an  atomic  proportion  of 
16.  To  be  consistent^  we  must  represent  the  molecules  of  hydrochloric  acid,  water, 
Mnmonia»  and  marsh-gas  either  by  Gerhardt's  atomic,  or  by  Dalton's  equiraknt 
tbrmnlA}  thus: 

HC1»  *  "••  Hydrochloric  add  Ha» « •" 

Hto»«w  Water  H0»«» 

H^>»"  Ammonia  HN>«*-» 

H«C>«"  Harsh-gas  HC'*' 

except  that  Dalton  took,  not  marsh-gas,  but  oleflant-gas,  for  his  standard  hydrocarbon, 
and  aeeorded  to  it  the  formula  HC* "  ',  whereby  marsh-gas  became  H*C* " '.  Now-a- 
days  we  know  that  the  molecules  of  marsh-gas  and  olefiant-ffas  both  contain  the  same 
munbtt  of  hydngen-Uom.,  and  that  their  fomiiil.  an  C  «^H'  and  C  »  "H*  xe>p^ 
tiTMy. 

With  regard  to  chlorine,  all  ehemists  are  agreed  that  86*6  parts  of  that  element,  or 
the  quantity  thereof  whidi  unites  with  1  part  of  hydrogen  to  form  hydrochloric  acid,  is 
the  smallest  quantity  of  chlorine  that  cali  enter  into  a  combination.  We  find  that 
36*6  parts  of  chlorine  are  caj^ble  of  directly  displadnff  1  part  of  hydrogen  in  a  great 
Tuiety  of  eompounds ;  that  in  all  well  defined  moleeues,  the  quantity  of  constituent 
chlorine  mnst  oe  represented  by  36*6,  or  some  multiple  of  86*6  parts ;  that  whenerer 
two  bodiee  d^B^  from  one  another  in  composition  by  the  quantity  of  chlorine  tiiey 
respectiToly  contain,  the  difference  amounts  to  36*6,  or  some  multiple  of  86*6  parts; 
ana  that  it  is  impossible  to  add  to,  subtract  from,  or  displace  in  any  compound  a  pn^ 
portion  of  chlorine  which  is  not  represented  by  36*6,  or  some  multiple  of  86*6  parts. 

In  the  course  of  the  preceding  obserYations,  reference  has  occasionally  been  made  to 
the  priaei{de  of  analogy  as  a  guide  in  determining  the  molecule  of  a  compound  body, 
and  the  atomic  weights  of  its  constituent  elements.  Thus  we  hare  referred  to  the 
analogy  of  triethylamine  with  ammonia,  and  to  that  of  lime  or  oxide  of  calcium  with 
water  or  oxide  of  hydroeen.  But,  in  addition  to  the  arf;uments  already  used,  we 
ma^  show  more  especiaUjr  that  the  principle  of  analogy  is  in  fiiTour  of  the  atomic 
weights  and  molecules  wluch  we  hare  adoi>t6d.  Thus  the  indisputable  analogies  of 
nitrous  acid,  nitric  acid,  and  peroxide  of  nitrogen,  with  chlorous  add,  chloric  acid, 
and  peroxide  of  chlorine  respectiTely,  are  shown  reiy  dearly  by  formulie  in  which 
N  a  14,  whereas  thfy  would  be  concealed  by  formulse  in  which  N  »  4*7,  as  seen 

below: 

Chlorous  add,  HCIO*  HNO*  Nitrous  add  HNH)< 

Chloric  add,  HC10«  HNO»  Nitric  add  HN»0" 

Peichk)ric  oxide,  CIH)*  N'O^  Pemitrie  oxide  N*0« 

Again,  -with  the  molecule  of  water  »  9,  the  relation  of  water  to  the  alcohols  as  the 
ondoubted  ranislung  term  of  the  series,  would  not  be  manifested  as  it  is  with  the 
molecule  -  18.  Thus,  if  we  write  alcohol  C«H«0«  «  •,  wood-spirit  CH*0«  »  •,  and  water 
HO*  *^',  the  relation  of  water  to  the  alcohols  does  not  appear,  but  in  the  following 
series  of  formulse  with  0  «  16,  it  is  perfectiy  apparent : 

0»Hi*0,  Amylic  alcohol  C*H*0,  Ethylic  alcohol 

C^H**©,  Butylic     „  CH*0,  MethyUc    „ 

C»H»  0,  Propylic    „  HH),  Hydric      „ 

The  relation  of  water  to  the  alcohols,  as  shown  in  the  aboTe  formulae,  is  not  a  mere 


De  precisely  similar.  All  chenusts,  no  matter  what  the  formulse  they  employ,  recogiuse 
the  &et  that  the  quantity  ot  water  whidi  in  a  reaction  conesponds  to  one  proportion 
of  aloohol,  must  contain  two  units  of  hydrogen.    Similarly,  with  regard  to  hydrated 
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bane!  und  acidii.  The  reoftioiw  of  thr  bodies  clearly  show  th&t  thequntitfof  «>< 
which  corresponds  to  one  proportion  of  hjdrsta  of  poUasiiini,  Ot  of  hypocUorora  ac 
bi  instaace,  most  contain  two  units  of  hydrogea.  If  we  mite  hTdnte  of  potaasii 
KHO'  •  ',  hjpochloioos  acid  HCIO'  ■  •,  and  watsp  HO'  "  •,  tha  fbnnnle  do  not  rep 
Mut  nrnpamble  qnuititin.  Bat,  in  ti»  foHoinaff  oeriea  of  (brmuln  with  O  —  IB,  I 
raUtioiii  of  the  bodies  are  rendered  perfectly  erident : 

EEO,  Oiide  of  potaninm  EClO,  SmtdiioKmM  acid 

KHO,  HydMtc  of  potwdnm  GCIO,  HypocUoK>nj  anhydride 

HHO,  Wat«T  EQO,  Hypochlorite  of  potanEoM 

HoreoTcr  the  psindple  of  analogy  ii  fiwneiitly  allowed  to  OTemls  all  elha  a 
ridendons.  Tbni  the  smalleat  quantity  of  alnminiam  that  caD  enter  into  a  mn 
Datian  is  2T-6  times  as  gntt  aa  the  BmaQeat  qoantity  of  hjdrogen.  Thii  quantity 
tloBiiainin,  like  Ii  puts  of  Ditrogeo,  is  capable  of  naiting  with  S  atom!  of  (JuDrine,  a 
of  its  repreeentatiTea.  Bat,  &om  tiie  strong  analofn'  existing  between  alaminie  a 
ferric  componndi,  the  atomic  weight  of  Blnminiuni  u  fixed  at  1876,  in  order  that 
■ompoonda  may  be  lepreeented  by  (brmalB  which,  thongh  more  complex  tbu  tbi 
•itbAl  -  IT'^ianiuMCordancewith  thefbriDDlvofcorTeapoDdingGmieecaipoODi 
thu: 

Fe'Cl',  Beaqnichlorideofiron 

KFe'fSO*)' .  12HK1,  Iron  alnm 

HFeW,  Brown  hi 

KA1'(80')'.12H'0, 
HAIW, 


SetqnieUoride  of 
Common  alam 
Diaipore 


b  which  we  ace  oomparatiTdy  hot  lie 
tcqnainted.  Thai  the  anslog;  of  selenium  and  tellnrinm  oompoiindfl,  in  ao  &t  aa  th 
ire  known,  to  llie  well-known  componndi  of  nlphnr,  lequire*  Di  to  give  simil 
'ormaLe  to  the  similar  componndB  of  all  three  elementa.  With  tegatd  to  mlph 
taeUi  precisely  the  same  reasons  that  induce  us  to  repreaeiit  watar  by  the  ftoinc 
2*0,  and  (o  accord  to  oijgen  the  alomic  weight  16,  muit  induce  ni  to  rwireacBt  w 
jhydric  add  by  the  formuk  H*S,  and  to  accoKt  to  siilphsT  the  atomic  wcdgnt  32.  £ 
!Ven  if  our  acquaintance  with  sulphur  were  much  leas  intimate  than  it  ii,  atill  t 
uialogy  of  its  beat  knowa  oomponads  with  thoae  of  oxygen  would  suffice  to  aDow  of 
latiafictory  determioatioa  of  ita  atomic  weight.  The  principle  of  aoalogy  indoeee 
io  aeooid  to  the  [oimaiy  hydride*  and  chlorides  of  the  more  or  leaa  deBtnoegati 
dcoMDla,  the  fblhiwiiig  fbrmoli^  and  to  clossi^  them  in  four  principal  ifronpa,  thns 


H-C 

H« 

EV 

a'P 

H<8i 

Cl'Aa 

HTe 

H*Sb 

a-sb 

CTK) 

a-Bi 

01<8b 

a>s 

.    .,  [e  weights  of  the  elemental;  bodies  on  tl 

I^  as  determined  by  the  preceduig  oonaideiations.    Thoee  od  tl 
little  used,  maj 


The  following  table  reprei 

ydrogen  acale  (H  -  1)  as  di     .       ._    .  ..      „ 

i^en-BCsle  (0  —  100),  which  an  now  but  little  used,  may  be  tbnitd  by  multiplying  t] 


ydicgen-numbers  by  ^"-  or  S-21S.    The  actoal  determinatbna  of  th«  itocoie  wei^ 
m  gJTen,  with  the  methoda  of  qnantitatiTe  estimation,  under  each  elwntnt 
TastB  OF  Atomic  Wmasn.* 
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NttDM. 

8  tin- 

atomic 

TCV     I     a.  A. 

Fommla  of  Compound 

Aecording  to  Eipari- 

bei. 

Weight. 

analysed. 

ments  by : 

Cadmiimf       •       • 

Br 
Cd 

m 
a6 

Bromide  ofpolaaiium,  RBr 
Oxide.  Cd'^O 

Marignac 
Von  Hauer. 

Calctum  .... 

Ca 

10 

Lame,  LmH) 

Erdmaiio  and  Marehand. 

CarboQ    .... 

C 

11 

Carbonic  anhydride,  CO* 

f  Dum^sand  Sut. 

f  Rrdmann  and  Marehand. 

Cerhuaf  .       •       .       . 

Ca 

^%a 

46 

C^roui  oxide,  Ce<0 
(Chloride  or  potaMlun 

1       f        «.  tilvar 

MiirigOMC,  Hrrm.tun. 
Marignac,   Penny  {  Mao- 

ChlorlM. 

CI 

S»6 

men£,  Bertellus. 

Dumas. 

Cr 

16-1 

Chromic  anhydride,  CrSO> 

P6ligot,  Berlin. 

Cohaitt    .       .       .       • 

Co 

S9-6 

Chloride.  CoCJ 

Dumas. 

Ntobium  or  Colttmblum 

Nb 

94 

PenUicblnriilf.  NhCP 

Maiignac. 

Coppert  •       •       •       • 

Cu 

81-7 

Ciipric  oxide,  Cn'O 

Brdmann  and  MarehamL 

DiittnUumt     • 
Krmoro    .... 

Di 

49 

Oxide,  Di<0 

Mitrignac. 

Bb 

1116 

„      RbO 

Bahr  and  Bcinsan. 

1  Floorlae  .       •       .       . 

1 

F 

19 

r  Fluoride  of  ealdoro,  CaF 
f        ..       ..  sudtum,  NaF 
Gluclnii,  Gl<0  I 
,.       Gl<.»| 

Louret. 

Gludoumt      • 

Gl 

I     7-0 

Avdejew. 

Go14        .... 

Au 

196 

Auric  chloride,  AuCI> 

Le?ol,  Berselioa. 

HydTOfn       .       .       . 

H 

1 

Water.  H^O 

Dumas ;  B.  and  M. 

ladliiia   .      •      .       . 

In 

r  76*6 
(IIM 

Indic  oxide,  InO    1 
„      lii-0»  f 

Winkler. 

lodlM     .... 

1 

117 

f  Iodide  of  potassium,  KI 
f      n      ^  siirer,  Agl 

Mnrlgnac. 
Dumas. 

Irtdlomt.      .      . 

Ir 

96*6 

Dlchloride,  IrCI* 
rFerric  oxide,  Fe<0> 
2  Ferric  chIr»ride.FeSCl« 

Berzellus. 

r  Svanbeiv  and  Norlln. 
{  Maumcnt ;  B.  and  M. 

INOt         «         •         •         ■ 

Fa 

18 

I  Rerselius. 

Dumas. 

LanchaDumt  . 

La 

46 

Oxine,  La*0 

Marignae. 

L«idt      .... 

Pb 

1036 

..     Pb«0 

Berseliua. 

Lithfnm  .... 

LI 

I     7-0 

f     „     Ll*0 

1  Carbonate,  LfSCO* 

TrocMt. 

A^a 

Bulphatf,  Li'-<SO« 

BCallet. 

MagiMslaBt  •      •      • 

Mg 

11 

5  Mngnesia,  »fg«0 
(  Chloride,  MgCl 

Berselius. 
Diimaii. 

ManguiMct    • 

Mn 

17-6 

MnCI 

Bertelius. 

M«vcor7t        .      •       • 

Hf 

100 

Mercuric  oxide,  Hg^O 

Erdmann  and  Marehand. 

MolybdMHmt 

Mo 

I  48 

Molybdic  anhydride.  MoSO> 

Bran*  erg  and  StniTe ; 
Berlin. 

•          ■          ■          .          • 

Dumas. 

mduit  .... 

Hi 

f  19 

1   »b 

Oxide,  N|f  O 

Sdineidar. 

Chloride.  NiCl 

Dumas. 

NlirogMi. 

N 

14 

S.il*ammoiiiac,  NH*CI 

Pelouie.  Maritnae,Peony. 

Otmtiimt*      • 

O* 

ino 

Dichloride,  OsCl* 

Bcrselius,  Frteiy. 

Pia1»iliuiiit     .       .       . 

O 
Pd 

16 
6S 

Chloride,  PdCl 

Berielius. 

Photphonu    .             • 

P 

81 

C  Phosphoric  anhydride,  P*0* 
?  Pentacblortde,  PCi^ 

SchrStter. 
Dumas. 

PlaUnHHit       •       •      • 

Pt 

99 

Dkhlorlde.  PtCP 

Bersellut.  Andrews. 

(  *» 

Chloride,  KCl 

Marignae,  Frftmy,  Mau- 

FMMilum       .       . 

K 

{ 

men^. 

i  891 

.          •          .          .           . 

Stas. 

RbodluBf       ■       •      • 

Rh 

«1 

8es9niebloride.  Rh*Cls 

Berselius. 

RachMitinnt    .      • 

Ra 

61 

H       Ru«CP 

Claus. 

MMtaM.      .      .      . 

8a 

79 

Balanlda  of  mereory,  Ilg<So 

Beraellat.8aoc.  Brdmann 
and  Marehand. 

SUieon    .... 

81 

M 

Cblotidc,  sia* 

Diunas. 

aihrtr      •      •      •      . 

Aff 

106 

AgCI 

Marignae.  MamnenC, 
Pennv.  Beraeiios. 
Penny,  Pelouae,  Dumas. 

Bodton           .       .       . 

Na 

18 

NaCl 

SirootiiiflBt     •       •       • 

8r 

488 

,.         8rCl 
C  Cinnabar,  Hgss 

Dumas. 

Erdmann  and  Marehand, 

Solpbur  •      •      •       . 

8 

81 

)  Sulphide  of  siirer,  Ag*S 

Struve. 
Dumas. 

TtnUlun       • 

Ta 

f  187-6 

Tetrachloride,  Ti»Cl< 

H.  Bosa. 

** 

PenUchlorldtf,  TaCl» 

Marignae. 

TaUurtHB       • 

T* 

128 

Bromide oTpotaMium  and  tel- 
lurium. PTeBi4 

▼.  Hauer. 

TnofteintT     •      •       • 

Tb 

89*6 

Thorina,  Th'O 

Berxeliua. 

Tto 

Sn 

1116 
Ml*) 

Stannic  oxide,  8aO* 

Mulder,  VlaandarMi. 

M       chloride.  SnCH 

Dumas. 

litMilimi       •      • 

Tl 

M 

Tetrachloride,  TiCH 

Plrre. 

Tungftraf      .       • 

W 

91 

Tungatic  anhTdride,  W*0> 
Uranic  oxide.  U^O* 

8chneJdar,Blrcb,Damas. 

Ur.ioluint       .       •       . 

U 

60 

P^Ugot. 

1  Vanadium      . 

V 

f  6S5 
1   5M 

Vanadic  anhydrida,  V«0* 

«      v«o» 

Bertelius. 
Rosooe. 

Yitiiom  .... 

Y 

617 

Yttria,  YO 

Bahr  and  Bunsen. 

Zlncf        .        •       .       . 

Zn 

815 

Oxide.  Zn-'O 

A.  Erdmann. 

Zirconium      •       •       . 

Zr 

C  885 

f  89-5 

Zircunia,  ZrtO>  1 
-        ZrO«I 

Baraellus,  Erdmann. 

We  will  DOW  turn  our  attentioii  to  the  detarmination  of  atomic  weights  from 
pthjeical  conaidemtioDs,  and  obeerre  how  far  the  weighU  deduced  from  pbTiical  and 
chemical  conaiderations  eoincido  with  one  another.    In  the  fint  place,  then,  we  will  die* 
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earn  HiecoabiniDg  Tolamfli  of  gasei  aod  Ttpoori:  teem  Ilia  obaerraiii'n 
irhicb  ire  derire  the  moat  important  of  nil  mesits  for  controUing  oai  eoactataooa  u 
the  atomic  veighta  of  voLitiEe  bodie*.  If  we  ta^e  the  ipecific  gravi^  of  hjdmgen  gaa 
unity.  w«  And  exporimentallj  that  the  specific  graTitiea  of  most  other  elementary  ga 
and  rapoun  ure  represented  by  the  numVra  we  have  Bele<l«d  to  expreu  their  atoi 
weights.  Henc^  these  atomic  numhera  represent  the  weights  of  equal  Tolaam 
the  reapective  gsaea  and  Tapoms ;  and  the  formula  of  a  compooDd  body  ihowi  i 
number  of  elemeotuy  foJomea  of  which  it  is  imposed.  Thus  while  the  formula 
nitric  add  HNO*  representa  a  eompouad  of  ose  part  of  hydrogen,  fourteen  pajtf 
mtiogen,  and  three  times  sixteen  part«  of  oxygen,  it  also  repmentx  a  compoond  of  i 
Tolame  of  hydrogen,  one  of  nitrogen,  and  tht«e  of  oxygeu.  The  relatiTe  >pe< 
gravitiea  of  the  following  elemend,  when  in  the  gaseons  atate,  and  npffd  to 
aune  prMaure  and  temperature,  have  been  MCertained  to  be  reapectiTely : 

B    -      1  CI  -    36'S  0  -  IS  N   -  11 

%  -  lOv  Br  -    80  S  1  33  P   -  V 

Cd  -    Se  1-127  Se.  7S-S  Aa  -  y 

Hydrochloric  acid  gu  is  composed  of  One  Tolnme  of  hydrogen,  and  one  rolnme 

chlorine  united  withont  any  condensatian.     Consequently  the  molecule  of  hvdrochlc 

add  is  represented  by  two  Tolumes  of  gas  [XI ,  whilst  the  atoms  of  hjarogen  i 

chlorine  Ttapeetirely   are  represented  by  one  Tolume  only  D.      Hence   while 

■pedfle  gravity,  or  weight  of  a  unit  of  volume  of  chlorine  coincides  with  its  atoi 

weight,  Uie  specific  gravi^r  or  weight  of  a  onit  of  volume  of  hydiochloric  add  oc 

odea  with  the  half  of  itj  atomic  weight,  — g =18-2fi.    Mowninety-uinapefci 

of  all  known  volatile  compounds  sgree  with  hjrdroehloric  sdd  in  this  partini] 
namely,  that  their  spedflc  gravities  in  the  gasems  state  are  the  halves  of  their  aloi 
weights.  Thus  the  atomic  weight  of  waler  H'O'  '  ",  being  IS,  ons  Toliune  of  st^ 
is  found  to  be  9  times  as  heavy  as  one  volume  of  hydrogen.  Ths  atomic  weight 
ammonia,  H'N'  '  ".  being  17,  one  volume  of  anunoniscal  «s  is  foDnd  to  be  8'S  tit 
BS  heavy  aa  one  volume  oF  hydro^.  The  atomic  weight  ot  aanb-gat,  H*C' ' 
being  IS.  one  volume  of  the  gas  IS  found  to  be  8  times  a*  heavy  as  one  volnme 
hydrogen,  and  so  forth,  Inssmnch,  therefore,  as  half  the  elomic  weight  coind 
with  the  specific  gravity,  or  weight  of  one  uoit  of  volume,  the  entire  atomic  wei 
must  represent  (cticf  the  specific  gravirj,'}r  the  weight  irf  two  units  of  volnme;  ac 
dusioD  which  may  be  coufirmed  by  actual  eiperimeQt.  Thui  one  volume  of  osyg 
and  two  volumes  of  hydrogen  at  the  temperature  100°  C.  can  be  converted  into 
volumes  of  sleam  at  Iht  tamperstiire  100°.  Agnin  two  volumes  of  ammonia,  w! 
decomposed  by  the  transnuBSiOD  of  a  eeriee  of  electric  spaika,  yield  one  voluraf 
nitrogen,  and  three  volumes  of  hydrogen.  No  matter  what  the  nomber  of  at^mi 
Tolumea  which  enter  into  the  coostituCiou  of  any  voLitile  compound,  the;  all  beet 
condensed  into  two  volumes,  as  shown  by  the  fsct  that  (he  specific  gravi^  or  Tapi 
density  of  the  compound  is  the  half  of  its  Hlomic  weight 

Seeing  that  the  molecule  of  a  compound  body  corresponds  with  two  volumes  of 
or  vapour,  and  the  atom  of  an  element  with  but  one  volume,  it  is  evident  that 
qnantity  of  an  element  which  is  strict];  comparable  to  the  molecnls  of  a  componnd  b 
must  be  repreeenlsd  by  two  atoms.  Hence  the  symbols  Tfi  H',  jH)  Cl|,  and  in  | 
represent  oomparsble  quantities  of  the  three  bodies,  hydrogen,  bydiochtnric  a 
and  chlorine  respectively  which,  thus  formulated,  present  an  obvious  relation 
sequence  to  one  another.  By  the  molecule  of  an  element,  therefore,  we  inrarii 
nnderstand  two  atoms  or  two  volumes ;  and  (here  is  great  »«son  to  believe  that 
acquaintance  with  the  uncombined  elements  pertains  exclusivdy  to  their  moleci] 
So  that  while  CI,  for  instance,  represents  the  atom,  or  smallest  proportJaD  of  ch]o< 
that  can  enter  into  a  combination.  CI*  represents  the  molecule  or  mialleet  proporl 
of  &ee  chlorine  that  can  result  &om  or  effect  a  reaction.  There  are  certain  ci 
■h  lil 

n  die  comUned  state  by  C  H*  - 

ms  that,  in  the  great  majoritj  of  i 
ical  nonsiderations,  are  identical 
:  gaseous  volumes  enunciated  by 
namsly,  that  all  gaaea  contain  tlie  same  ntuul^  of  moleoolea  within  the  sama  vo& 
Bnt  S  we  had  represmted  water  by  the  fanniila  HO*  ■  *  saitihydric  und  by 
•nmula  HS'"",  and  carbonic  oxide  by  the  formula  C'*0'"',  wb  «banld  h 
Tsprcssnted  tbeir  molecules  as  having  only  half  the  volume  of  llie  moleckl*  of  hyt 
duorie  add,  and  should  consequently  have  violated  Amphttft  physieal  Imr. 
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graenl  eoneliAODfl  at  wUch  we  have  arrived,  however,  namely  that  the  chemieal  atoms 
of  ^lementaiy  bodies  oorreroond  with  one  gaaeoaa  volume,  and  the  diemical  molecnlea 
of  simple  or  compound  booies,  with  two  gaseous  volumes,  is  quite  in  accordance  wiUi 
phjsdcal  requirements.  Nevertheless  there  are  some  exceptions,  real  or  apparent,  to 
which  we  must  now  direct  our  attention.  We  may  premise  by  saying  that  some 
chemists  attach  so  great  an  importance  to  the  law  of  volumes,  that  they  would  be 
guided  exdnsivelv  by  it|  and  would  accord  to  all  bodies  whatsoever,  such  atomic 
weights  as  would  be  in  accordance  with  it.  In  the  present  state  of  knowledge,  however, 
it  seems  to  us  preferable  to  deduce  the  chemical  atom  or  molecule  of  a  body  chiefly 
from  chemical  considerations,  and  to  wait  for  further  investigation  to  clear  up  the  few 
anomalies  iriiich  at  present  exist  between  the  results  of  chemical  and  physical  inquiry. 
Certain  apparent  exceptions  to  the  law  of  volumes  have  of  late  years  been  satis- 
&ctorily  explained  away,  by  having  regard  to  the  following  habitudes  of  volatile 
bodies.  ^  In  the  liat  places  some  vb^uib,  at  temperatures  but  little  raised  above  their 
condensing  points,  have  anomalous  densities  which  are  much  too  high,  or,  in  other 
words,  the  volumes  of  their  atomic  proportions  are  much  too  small ;  whereas  at  higher 
temperatures  their  densities  and  volumes  are  perfectly  normal.  Thus  at  a  temperatun» 
a  little  above  its  condensing  point,  an  atomic  proportion  of  sulphur  vapour  occupies 
only  I  the  bulk  of  an  atomic  proportion  of  hydrogen  gas  at  the  same  temperature ;  but 
at  the  temperature  1000^  C.  the  two  atomic  proportions  occupy  the  same  volume. 
Again  the  molecule  of  acetic  acid  vapour  at  the  temperature  230^  C.  has  the  same 
volume  as  the  molecule  of  hydrochloric  acid  gas  at  that  temperature ;  but  at  lower 
temperatures,  its  volume  decreases  almost  to  one-half  that  of  hydrochloric  acid  sas  at 
the  same  temperatures.  In  reference  to  this  property  it  must  be  borne  in  mind  that 
vapours  near  their  condensing  points  manifest  variations  from  several  of  the  physical 
laws  affecting  gases.  It  would  seem,  indeed,  that  a  vapour  must  be  heated  to  a  tem- 
perature considerably  above  its  condensing  point  before  it  acquires  the  properties  of  a 
perfe<>t  gas.  The  recognition  of  this  circumstance  enables  us  to  account  in  several 
instances  for  those  departures  from  Ampere's  law,  in  which  the  density  of  the  gas  is 
too  high.  In  the  second  place,  several  compounds  at  the  high  temperatures  required 
to  bring  them  into  a  perfectly  elastic  state,  seem  to  undergo  a  change,  which  has  been 
investigated  by  Kopp,  Marignac,  Deville,  Hofmann,  K^kid^  and  others,  and  has  been 
termed  disoBMciaium,  According  to  these  investigators,  the  molecule  of  a  volatile 
compound,  when  strongly  heated,  sometimes  breaks  up  into  two  simpler  molecules 
which,  on  a  reduction  of  tempsrature,  reunite  to  form  the  original  body,  so  that  at 
the  temperature  at  which  the  density  is  taken,  we  are  really  operating,  not  upon  one 
more  complex,  but  upon  two  less  complex  molecules ;  whence  the  densities  are  found  to 
oorrespona  with  four  volumes  of  vapour  instead  of  with  only  two.  The  anomalous 
volumes  or  densities  of  the  following  compounds  have  been  explained  in  this  way. 

4  Volt 

Sal-ammoniac NH^Cl 

Sulphuric  acid H*SO« 

Pentachloride  of  phosphorus  .        .  PCI* 

Hydrate  of  ethylendiamine  .        .        .  CH^NK)  -    C«H^«  +  HK). 

The  phenomenon  of  disassodation  then  fi^uently  enables  us  to  explain  various 
departures  fr^m  Amp^^s  law,  in  which  the  densities  are  too  low ;  or  in  which,  in 
other  wordB,  the  volumes  are  too  great  But  there  still  remain  certain  exceptions, 
which,  in  the  present  state  of  knowledge,  cannot  be  satisfactorily  explained  by  either 
of  the  above  aeecribed  considerations.  Thus  the  atomic  volumes  of  the  vapours  of 
phosphorus  and  arsenic  respectively,  are  only  one-half  that  of  hydrogen.  In  order  to 
make  their  atomic  weights  correspond  with  their  atomic  volumes,  the  ordinarily  re- 
ceived atomic  weights  would  have  to  be  doubled,  whereby  they  would  become  62  and 
160  respectively.  But  this  doubling  of  the  atomic  weights  of  phosphorus  and  arsenic 
would  be  in  violation  of  all  chemical  considerations,  and  likewise  of  all  phvsical  consi- 
derations except  that  relating  to  the  atomic  volumes  of  the  elements  themselves.  Thus 
the  formula  for  phosphamine  would  become  F'***H*,  and  that  for  arsenamine 
As*"'*H*,  despite  the  analogy  of  the  two  compounds  to  ammonia  NH',  and  despite 
the  fiiot  that  the  hydrogen  of  the  two  compounds  is  divisible  into  thirds  only  and 
not  into  sixths.  Moreover  the  vapour-densities  of  the  compounds  P****H*  and 
As*"'*H*  would  correspond  to  4  volumes  instead  of  2,  and  would  consequently  be 
in  opposition  to  Ampere's  law.  Again,  the  atomic  heats  of  phosphorus  and  arsenio 
corresponding  to  the  atomic  weights  62  and  150  respectively,  would  be  twice  as  high 
as  the  highest  atomic  heat  of  any  other  element.  Lastly,  by  doubling  the  atomic 
weights  of  arsenic  and  phosphorus,  the  isomorphism  of  certain  compounds  of  ammonia 
with  the  corresponding  compounds  of  phosphamine  and  arsenamine  would  become 
unintelligible.  At  present  then  we  are  forced  to  admit  that  the  vapour-densities  of  the 
olementSi  phosphorus  and  arsenic,  are  anomalous,  and  that  we  are  incapable  of  ex- 
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3  Volt. 

2Vo]». 

-    NH» 

+  HCl. 

-    SO* 

+  HH>. 

-  pa« 

+  Cl« 
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filuning  tho  Mtise  of  the  BnoraHly.  It  may  be  that  the  v^wnra  of  tlie«  r]eiae:f. 
ike  that  of  Bulphor.  tboogh  BnsmHlous  tt  one  tempentnre,  become  nomiKl  ti 
higher  temperature,  thongh  it  miuit  be  admitted  that  the  r««iil  Bxperimenw  of  DerS 
do  not  ooimtenance  such  an  eipeetation.  Or  it  maj  be  that  tho  aonmalies  depei 
npOD  allotropj.  Phoaphonia  and  araenic  are  known  to  exist  in  diSoreot  aJlotro[ 
conditions,  and  it  ia  not  improlmhle  that  each  allotropLc  form  may  havo  a  difiav 
ittomii:  weight  Hence  the  anomaly  might  be  eipUined  by  anppoaing  that  phoqih 
mine,  tbr  instance,  contains  the  eltmtnt  phoBphoroamn,  hanng  the  atomic  wfight  } 
whilst  phosphorus-vapour  i«  composed  of  the  element  pbosphoricnm,  baimg  t 
atomic  weight  S2.  This  supposition  of  vapour-sllotropy  might  also  serve  to  eijdi 
the  hnomoloiis  rapour-density  of  acetic  acid  at  a  low  temperature.     Karaoal  seetjite 

C'  «inm  baa  the  formula  CU'EO',  bat  tltere  ia  also  an  aeid-acctate  haTing  C 
ula  C*H'KO'.  The  small  vapoui^ensi^  might  possibly  represent  an  acetie  a> 
corrBsponding  to  the  former  salt,  and  the  high  Taponr-density  an  acetic  acid  con 
sponding  to  the  latter. 

Cerbun  other  real  or  apparent  exceptions  to  the  law  of  Tohunesj  are  sSbrded  ^  I 
chlorides  and  ethjiides  of  line,  mercury,  and  some  other  metals,  as  indicated  below 
Hydrochloric  acid        .        .        .    Ha   -  3  toIs. 
Hydride  of  ethyl  .        .        .    HEt   „      „ 

"'^ .    ClEt   „      „ 

.    HgOl  -  1  ToL  or  ^d*  —  2  toIsl 
.    HgEt  „      „      „  ^"Et*  „       „ 
.    ZaEt„      „      „   Zn^'  „       „ 

.    ZnMe ZnTHe*,,      „ 

s  vapour-densities  of  the  molecules  of  theiie  o 


Chloride  of  ethyl 
Chloride  of  mercury 
Ethjlide  of  memuj 
EthyUde  of  sine  . 
Methylide  of  sine 
In  consequence  of  the  : 


pounds,  as  above  ^zptessed,  some  cheraiats  hare  prnposed  to  doable  the  oriliosr 
TMsived  atomic  weifcht  of  the  metals  mercnry  and  line,  so  as  to  represent  llie  molecn 
of  the  above  volatile  componnda  by  tJie  foUowing  2'Tnlume  formula ;  and  it  niiiit 
ackEowIedged  that  very  strong  reasons  may  be  urged  in  favour  of  the  Jupli.-atiou  : 
Chloride  of  meicmy  ....    C['Uz' '  "* 
Ethjlide  of  mercury           .         .         .     Et'Hg  ""• 
Erhylide  of  line          .         ,                   .     EfZu'  ■ " 
MethjHdeofiinc      ....    Me'Zn''- 
,.      ,    I  Hvpochloroaa  oiide .         .         .         .     Cl'O'"" 
eomspondmgloj^J^^ H'O"" 

It  is  admittMi  both  by  those  who  advocate  and  those  who  deprecate  the  proposal,  t 
the  dnplicatioD  of  the  atomic  weights  of  the  metnls  mercnrf  and  zinc,  would  nece 
tate  the  dnplicatioo  of  the  atomic  weights  of  several  other  metaln,  including  mugnesii 
cadmium,  lead,  copper,  iron,  chrominm.  and  aluminium.  Now  the  principal  objedt 
to  the  adoption  of  this  proposal  are  the  following.  Firstly,  because,  allhon^ 
dnplieation  of  the  atomic  weights  of  the  metuls  would  bring  tho  volumes  of  tl 
chloride-  and  ethylides  into  accordance  with  Ampere's  law,  it  would  brioH  tberolui 
of  the  elements  themselves  into  discordance  therewith.  Thua,  the  atomic  t*  ' 
mereujy  and  cadmium  corresponding  to  the  atomic  weights  200  and  112  rea] 
would  each  be  twice  as  great  ss  the  atomic  volume  of  any  other  elemeut.  I 
because  the  chlorides,  oiidu,  &c..  of  these  metals,  which  are  ordinarily  represec 
as  proto-compounda,  would  have  to  be  repreeented  as  deulo-coiu  pounds,  1 
E^CI',  ZnCl',  CdCl',  &c..  aresult  not  warranted  by  cheinicalponaiderutions,  seeing  t 
in  their  chemical  propertiee,  these  compounds  are  quite  tmdiiitinguLihiible  fior 
ptited  proto-componnds.  Moreover,  the  adoption  of  these  doubled  atomic 
would  lead  to  most  eomplei  eipregsions  for  veiy  many  compounds.  Of  cou  i 
could  be  proved  that  the  true  atomic  weights  of  these  meljds  were  really  the  double' 
those  ordinarily  employed,  the  circomstHQce  of  the  duplication  leading  to  iuconveu 
formohe  would  have  to  be  disregarded ;  but  in  the  absence  of  such  proof;  the  o 
plexity  to  which  the  eouclunon  would  lead  is  pro  lania  evidence  aeainst  the  pre 
bih'tv  of  its  being  true.  Thus,  phoepbate  of  lead  would  become  Pb^P*0*  insteac 
PbfPO* ;  potaBsio-snlphato  of  copper  would  bocomr  K»Cu"(SO')'.flH^  inateat 
KCu30*.3H*0;  snlphovinato  of  zinc  would  become  Et'Zn"(S0')-.2HK»  iMtead 
EtZnSO'.H'O;  mercaptide  of  mercnij  would  become Et'Hg'S'  instead  of  EtHgS,  Ac 
Other  exceptions  to  Ampere's  law  are  furnished  by  the  Besqaichloridea  of  ^nmiiii 
iron,  and  chromium,  the  vapour  densities  of  each  of  which,  as  determined  by  Dev. 
eormpond  to  one  volume  of  vapour  only,  instead  of  to  two  volumes.  Hence  it  has  \ 
proposed  to  double  the  weishta  of  the  molecules  of  theae  eompontida,  and  to  reprei 
lh«m  by  the  fonnulfe  Al'Cl',  Fe*0',  and  (VCl*  nspectivoly.  But  it  is  obsem 
that  if  the  molecule  of  seaqoichloride  of  aluminium  really  contains  6  atoms  of  chlnr 
it  must  also  contain  55  parts  of  alominium,  and  as  a  consequence,  S5  parts  of  aln 
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ninm  wfl]  eonftitote  the  smaUest  oombinliig  proportion  of  the  metal,  or  the  smaUest, 
quantity  whiefa  erer  exists  in  a  oombinatioB ;  in  which  case  the  smallest  combining  pro- 
portion of  aluminium  will  haye  twiee  the  specifte  heat  of  the  smallest  combining  propor- 
tion of  any  other  element,  a  result  that  must  throw  considerable  doubt  upon  the 
propriety  of  the  change  on  which  it  would  be  conseouent.  Again  the  rapour-densitj 
and  chemical  relations  of  chlorochromic  aldehyde  alike  show  that  its  molecule  must 
be  expressed  by  the  formuU  CrH)^Ci*;  while  the  correlations  of  sesquichloride  of 
chromium  and  chlorochromic  aldehyde  require  the  molecules  of  the  two  compounds  to 
be  represented  by  formula  expressing  the  same  amount  of  rhromiura,  which  would  not 
be  the  case  if  the  sesquichloride  were  represented  by  the  formula  Cr*Cl*.  There  is, 
moreorer,  another  compound,  namely,  arsenious  anhydride,  As'O',  the  vapour-density 
of  which  corresponds  to  only  one  volume  of  vapour  instead  of  two  volumes,  although  no 
reason  for  the  anomaly  has  yet  been  brougot  forward.  There  are  also  three  well* 
known  compounds,  the  vapour-densities  of  each  of  which  correspond  to  four  volumes, 
instead  of  to  only  two,  namely,  nitric  oxide,  NK)^  pemitric  oxide,  NK)\  and  perchlorie 
oxide,  C1K)^  In  its  chemical  relations,  the  molecule  of  nitric  oxide,  NK)',  corresponds 
to  the  molecule  of  chlorine,  CI',  and  the  atom  of  nitric  oxide,  NO,  corresponds  to  the 
atom  of  chlorine,  CI :  but  whilst  the  atom  of  chlorine  corresponds  to  one  volume,  and 
the  molecule  of  chlorine  to  two  volumes,  the  atom  of  nitric  oxide  corresponds  to 
two  volumes,  and  its  molecule  to  four  volumes  of  gas,  and  similarly  with  pemitrio 
oxide  and  perchloric  oxides  At  present  no  satis&ctory  explanation  has  been  eiven 
of  these  anomalies,  though  it  is  not  improbable  that  they  may  be  explicable  on 
the  principle  of  disassociation.  Thus,  it  is  possible  that  the  atom  of  sulphurous 
anhydride,  (SO')",  which,  like  that  of  oxygen,  O",  is  capable  of  displacing  two  atoms  of 
hydrogen,  would  also,  like  the  atom  of  oxygen,  be  represented  by  one  gaseous  volume, 
yvere  it  not  for  the  circumstance  that  the  molecule  of  oxygen,  0%  cannot  split  into  two 
other  molecules,  whereas  the  molecule  of  sulphurous  anhydride,  SK)^  corresponding 
tliereto  in  equivalency,  can  split  into  two  separate  molecules,  each  of  which  is  capable 
of  occupying  two  volumes ;  and  this  relation  of  oxygen  to  the  diequivalent  atoms  of 
itulpburous  anhydride,  sulphuric  anhydride,  carbonic  oxide,  carbonic  anhydride,  &C., 
may  be  a  parallel  of  the  relation  which  subsists  between  dilorine  and  the  prot- 
eqiiivalent  atoms  of  nitric  oxide,  pemitric  oxide,  and  perchloric  oxide  respectively. 

Out  of  many  hundred  volatile  bodies  whose  vapour-densities  have  been  ascertained,  the 
following  table  comprises  all  the  well-known  exceptions  to  Amp^'s  law,  though  doubt- 
lefts  the  strict  chemical  analogues  of  some  of  these  bodies  would  also  prove  exceptional : 
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SyiDU>l. 

Tapour. 

A«omic 
weight. 

Theore- 
tical 
vnluns. 

Actual 
volume. 

P 

As 

Phosphorus 
Arsenic 

P    -  81 

As-  75 

1 

1 

t 

1  ncCi 

,  H-Et 
HuMe 
ZnEt 
/.nMe 
AsO» 
Al-Cl« 
Fe-Cl» 
Or  Cl» 

Corrosive  sublimate 
Mercuric  ethyl 
Mercuric  meUiyl 
7«inc-ethyl 
Zinc-methyl 
Arsenious  anhydride 
Aluminic  chloride 
Ferric  chloride 
Chromic  chloride 

Hg  -100 

Zn-32  5 

As -75 
Al  -13*75 
Fe  -28 
Cr  -26-2 

2 
2 
2 
2 
2 
2 
2 
2 
2 

N«0* 
N-O* 

H-SO* 

NH*C1 

NH«CN 

NH\H.S 

PCI* 

C«H'»N«0 

C«H»*NK) 

Nitric  oxide 
Pemitric  oxide 
Perchloric  oxide 
Sulphuric  acid 
Sal-ammoniac 
Cyanide  of  ammonium 
Sulphydrate  of  ammonium 
Pontachloride  of  phosphorus 
Hydrate  of  ethylene-diamroonium 
Hydrate  of  diethyl>ethylene-diammo- 
nium 

N   -  14 

a  -  35-5 
S    -  16 
N   -  14 
C    -  12 
S    -  82 
P    -  31 
C    -  12 

2 
2 
2 
2 
2 
2 
2 
2 
2 

a 

1 
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e  anomaloiu  volames  of  the  Ust  scTrn  compoondi  ore  dnari^  extdlelUt  en  ttw  ni 
le  of  diHSKvUtion.  With  mcmrd  to  the  duplication  of  the  atomic  wri^U  of  Uc 
tkU  whoM  chloridea  and  ethylida  huve  anoiDBlous  deuitief,  it  mnit  be  nutabtt 
X  the  propOBiJ  ia  at  pmeut  jonng.  and  that  further  inyeatigatioa  naf  •o&u 
lore  some  of  the  objectiona  which  at  present  mrround  it ;  precise^  um  fivtlier  i 
ligation  reiDoied  the  objectiotu  which  io  the  Bnt  itutance  aoemal  to  oppoaswi 
irwhelmiiig  force,  Ocrhardt'B  propusal  to  doubte  tbe  Chira  recelvHl  Momie  ireigliii 
ban,  otjgen,  and  salphur.  This  same  remack  applies  to  the  propoaal  of  CUiuna 
icb  we  shall  next  hure  to  consider. 


It  was  contended  by  Dulong  and  Petit, 

who  we: 

atoms  have  tb 

e  aame  capacity  for  heat,  or,  is 

[10th(T< 

,t  the  sp 
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fall  elemen 

tary  al 

If  th 

it  is  obrious  t: 

of  tht^  spedflc  beat  of  an  el 

St  furnish  a  ready  means 

of  filing  its  atomic  w 

eight.     The  atomic  heaU  of  i 

ITB  ascerUined  with  great  care,  thongl 

I  nature  of  the  subject  it 

be  said  with  great  accuracT. 

X£Z 

to  the  atoms  which  w. 

e  hare  adopted,  are  u 

12 

Carbon     . 

.     2-89 

80 

Bromine         .        . 

,    6-74 

32-6 

Zinc 

.     3'IU 

127 

Iodine    .        .        . 

,    6-87 

16 

CadmiiiTD. 

.    316 

32 

Sdphar 

e-*H 

.     2-93 

79 

Selenium 

.    6-63 

2S 

Iron 

.     3-IS 

12B 

Tellurium       . 

6-06 

39-5 

Nickel      . 

.     3-20 

31 

s-es 

29-6 

Cobalt      . 

.    llfi 

76 

610 

31-7 

Copper     . 

.     3-01 

120-3 

«^)9 

100 

m^. 

,     319 

210 

Bismuth         .        . 

6-67 

103-S 

lead        . 

.    3-2S 

118 

Tin        .        .        . 

6-67 

fiS 

Palladinm 

.     315 

23 

Sodiom.        .        . 

67S 

>e 

Platinum 

.   3-ie 

39 

Fotaasiiim      . 

a-71 

27-6 

HanganeM      \ 

108 

SilTST        . 

6-16 

2e'2 

Chromium 

196 

Gold      . 

e-38 

12 

HagDeaiom 

.     8-1 

30 

Calcium 

43'S 

Strontium 

68-S 

Barium 

»  Dumben  representing  Regnault's  atomic  heals  were  obtMned  by  mnttiplTing  i 
erred  spedflc  heats  of  the  bodiee,  referred  to  that  of  water  aa  unity,  by  tb 
mic  weights  on  the  oxygen  scale.  Bnt  it  would  be  found  more  eonvenient  in  pr 
i  to  aunme  the  atomic  heat  of  lead,  which  correuMinds  Dearly  with  the  mi 
mic  heat,  as  unity ;  whereby  the  atomic  heats  of  tbe  first  class  of  metali  wr 
iroiimale  more  or  lesa  closely  to  the  unmber  1,  and  those  of  the  second  claai 

number  2,  On  this  scale,  the  specific  heats  of  the  first  class  elements  would  c 
[\mA  to  the  rsdprocals  of  their  atomic  weights  on  either  scale,  and  tboee  of  i 
Dud  class  tn  twice  their  recipiocala. 

lit  the  time  of  B^nault's  researches  the  atomic  weights  of  all  the  element*  in  1 
ond  column,  with  the  eiception  of  sodium,  pntussinm,  and  silrer,  were  freqnco 
ireesed  by  the  halves  of  the  numbers  we  have  adopted.    Begnault  propoeed  to  ha 

atomic  weights  of  these  three  metals  also,  whereby  the  atomic  hnta  of  all  1 
meats  would  be  in  acoordanee  with  Dulong  and  Petit'a  Uw,  and  would  be  < 
Bsed  by  numbers  approximating  more  or  less  dosely  to  30  00  the  water-un 
Is,  or  to  1-0  on  the  lead-unity  Dcale.  It  is  observable  that  in  no  case  does  1 
•eiimeDtal  atomic  heat  thus  obtained  diflTer  &om  the  mean  atomic  beat  in  tbepmp 
1  of  1*1,  or  0-9,  to  1-0 :  whereas  the  extreme  atomic  weights  differ  &om  one  anotl 
he  ratio  of  I  to  9.  Concerning  this  dose  correspondence  in  the  atomic  heatt  of  i 
nents,  Graham  writes :   '■  The  law  [of  Dulong  and  Petit)  would  probublj  represi 

results  of  obserration  in  a  perfectly  rigorous  manner,  if  the  specific  heat  of  a 
Ij  could  be  taken  at  a  determinate  point  of  its  thermomptricHl  ecal^  and  if  I 
cific  heat  could  be  further  disencumbered  of  all  the  foreign  influences  which  mod 

observation,"  such  as  the  original  state  of  hardness  or  softness  of  the  body, 
italline  or  amorphous  condition,  the  heat  absorbed  to  produce  softening,  and  I 
t  absorbed  to  produce  dilatation,  &o.  Recent  rhemical  research,  hiwever,  I 
deied  it  impossible  for  chemiata  to  halve  the  atomic  weights  of  the  elements  in  I 
>nd  column,  so  as  to  make  their  atomic  heats  coincide  with  thnt  of  lead;  and  hei 
inizian  has  been  led  to  advocate  a  transposition  oflWnault'BpropoaBj,  so  wtoms 
1  the  integrity  of  Dulong  and  Petit's  law,  b^  doubliqg  the  atomic  woigbta  of  1 
lals  iti  ttie  fint  column,  whereby  the  atomic  beats  irf'  all  the  element^  with  I 
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poMiible  fjmptioii  of  cvbon,  would  be  exprearcd  by  numbers  approaehiugmoM  or  Ibm 
closely  to  6u 

CaxmuEzaro  haa  also  pointed  out  that  if  hia  atomic  weights  were  adopted,  the  atomio 
heats  of  many  compound  bodies,  when  divided  by  the  number  of  tneir  constituent 
atoms,  would  give  a  number  approximating  more  or  less  closely  to  9,  or  in  other 
words,  the  atomic  heats  of  these  bodies  approximate  to  the  sum  of  the  atomic  heati 
of  their  constituent  elements.  It  is  observable,  however,  that  the  latter  mode  of  ex- 
pressing the  fiict  applies  equally  well,  whether  or  not  we  double  the  atomic  weights  in 
the  first  column.  Thus  the  atomic  heat  of  chloride  of  silver  approximates  to  6  +  6 
or  12,  and  that  of  chloride  ci  lead  to  6  «i>  3,  or  9. 

It  is  evident  that  the  atomic  weights  proposed  by  Camuasaro,  from  considerations 
of  specific  heat,  fiequently  coixespond  with  those  which  he  and  others  have  been  led 
to  from  considerations  of  atomic  volume ;  and  their  adoption  is  consequently  liable  to 
the  objections  which  we  have  already  taken. 

Cannizzaro's  proposal,  moreover,  would  involve  the  dissassociation  of  silver  from  • 
lead,  and  that  of  the  metals  of  the  alkalis  from  those  of  the  alkaline  earths.  The 
chloridea  of  silver  and  potassium,  for  instance,  would  be  represented  as  protochlorides 
by  the  formulse  AgCl  and  KCl  respectively,  whilst  those  of  lead  and  barium 
would  be  represented  as  dichlorides  by  the  formulse  PbCl'  and  BaCl*  respec- 
tivi'ly.  Now  the  highly  basic  characters  of  the  alkaline  earth-metals,  the  strongly 
Mlkiiiine  reactions  of  their  dissolved  hydrates,  the  perfect  neutrality  and  great  per- 
manency of  their  salts,  seem  to  demonstrate  their  analog  to  undisputed  protequiva- 
leot  metals,  euch  as  potassium,  rather  than  to  undisput^  di-equivulent  metals,  such 
as  tin.  Agaaiw  the  large  number  of  similar  compounds  to  which  silver  and  lead  give 
origin,  the  close  resemblance  in  chemical  properties  of  their  corresponding  compounds, 
their  very  general  paramorphism,  and  not  unfreauent  isomorphism,  seems  to  forbid 
their  representation  by  discordaut  fomralae.  The  two  metals  are  soft,  malleable, 
fiuible,  volatile,  and  isomorphous.  The  two  chlorides  are  anhydrous  and  insoluble, 
or  sparingly  soluble ;  the  two  sulphates  are  anhydrous,  insoluble  and  similiform ;  the 
two  hydrates  are  sparingly  soluble,  forming  alkaline  solutions ;  the  two  sodium-double* 
chlorides,  potassium-double-iodides,  protosmlphides,  cuprososulphides,  monobasic  and 
tribasio  auxphantimonites,  are  similar  in  their  chemical,  and  isomorphous  in  their 
physical  relations. 

It  seems  to  us  that  the  objections  to  Cannizzaro's  general  proposition,  are,  in  the 
present  state  of  knowledge,  too  great  to  admit  of  its  adoption;*  but  still  it  is  a  question 
whether  some  of  the  metals  comprised  in  the  first  column  might  not  advantaffeously, 
receive  the  doubles  of  their  ordinarily  admitted  atomic  weights.  With  regard  to  the 
metals  palladium  and  platinum,  for  instance,  it  is  not  by  any  means  improbable 
that  their  real  atomic  weights  may  prove  to  be  106  and  198  respectively.  With 
regard  to  aluminium,  again,  it  is  certain  that»  so  far  as  our  actual  knowledge  goes,  the 
smallest  indivisible  proportion  of  aluminium  that  can  exist  in  a  combination  is  twice 
the  proportion  expressed  by  its  ordinarily  received  atomic  weight,  or,  in  other  words, 
it  amounts  to  27 '5,  instead  of  to  only  13 75  parts.  All  chemists  invariably  represent 
the  compounds  of  aluminium  to  contain  27*5  parts  of  aluminium,  which  is  indeed  its 
smallest  combining  proportion  or  chemical  atom  Consequently,  by  employing  the  num- 
ber 13*76  to  express  the  atomic  weight  of  aluminium,  all  aluminous  compounds  have  to 
be  repivsented  as  containing  two  inseparable  atoms,  or  some  multiple  of  two  inseparable 
n  toms  of  the  metal,  a  result  which  is  evidentiy  unphilosophicaL  The  chemical  habitudes 
of  the  metal  aluminium  resemble  the  chemical  habitudes  of  the  metal  bismuth,  27*6  parts 
of  the  former  corresponding  to  210  parts  of  the  latter :  and  there  is  no  greater  chemical 
reason  for  halving  the  27*6  parts  ot  aluminium  in  order  to  represent  its  trichloride 
as  a  aesquichloride,  than  there  is  for  halving  the  210  parts  of  bismuth  in  order  to' 
represent  its  trichloride  as  a  sesquichloride.  Somewhat  similar  observations  apply  to 
tlic  metals,  iron,  manganese,  and  chrome,  when  entering  into  the  constitution  of 
ferric,  manganic,  and  chromic  salts,  respectively.  Throughout  all  the  decompositions 
and  recomposltions  of  ferric  compoimas,  for  instance,  so  long  as  they  continue  to  be 
ferric  compounds,  we  find  66  parts  of  iron  constituting  one  in(nvisible  combining  pro- 
portion or  chemical  atom.  We  have  two  allotropic  forms  of  the  metal  iron,  one  of 
which  we  eii^\.  ferrosum,  having  the  atomic  weight  28,  the  atomic  heat  3,  and  combin- 
ing with  1  atom  of  chlorine,  to  form  a  protochloride ;  —  the  other,  which  we  call 
ftrrieum^  having  the  atomic  weight  66,  me  atomic  heat  6,  and  combining  with  3 
proportions  of  chlorine  to  form  a  trichloride ;  and  similarly  with  ckr<nno»um  and  ehro^ 
vticum,  manganttsum  and  manganicum.  The  ferrous  and  ferric  atoms  have  distinct 
chemical  properties  and  form  distinct  series  of  compounds,  which  differ  more  from 
one  another  than  do  the  salts  of  ferrosuni  from  those  of  nickel  and  copper,  or  than  do 
the  salts  of  ferricum  from  those  of  aluminium  and  bismuth.    So  great,,  indeed,  is  the 
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■nd  ferric  wmpouiid*  into  ooe  uiother,  wo  Bbonld  nenr  have  ■ 
Mnt&ui  the  ume  metal,  or  eren  limilac  metola.  Now.  that  two  diderent  allotiop 
Ibrma  of  the  Mune  element  maj  bare  different  atomic  weighia  and  diffocnt  eqiUTB 
lent  fourtiinui,  Hems  t«  be  no  longer  qoestionabU.  Bn>d;e'>  rafacha  on  grapin 
haTe  shown  concliuiTelj  that  compounds  ma;  be  prepared  which  eoDtsin  the  gn^biti 
nodificatioD  of  carbon,  and  are  altogether  liijuimiUi-  [mm  compmuida  eoDtamlng  tb 
Ordiniuy  form  of  carbon, 
analogj  l«  correspondiiig  a 
eampoundi  of  graphoD,  predielj 

eloaelj  than  tbn  do  the  ealta  of  Ferrieom.  The  onl;  drcomataiics  wanting  to  Eoinplet 
t^e  parallel  is  that  not  onlj  carbon  and  grapbon  compounds,  bnt  isolated  carbon  an 
graphon  are  known  tD  chemists ;  whereas,  thoogh  ftaraoa  and  fbirie  compounds  are  we 
kDOWD.  chemists  have  not  ;et  recognised  any  fi>rm  (tf  iran  distinct  Dom  fsntwron 
unless  indeed  we  make  the  \^  no  means  imfaoMble  asninipUoil  Ibat  iton  in  the  panni 
state  constitutes  ferticum.  The  specific  heats  of  carbon,  gnphon.  and  diamond  era 
respond  clearljwith  dilTerent  atomic  weights.  Thus,  if  «e  accord  to  carbon  the  atom: 
weight  1'2,  to  grapban  the  atomic  weight  18,  and  to  diamond  the  atomic  weight  21.  tl 
atomic  beats  of  the  three  bodies,  calcntating  from  Renault's  resulta,  will  be  iSa» 
3-6324,  aQd3'S232  respectirelj,  giring  a  mean  of  3-3S12.  But  it  se«na  piobaUe  &oi 
chemical  cossiderations  that  the  atomic  weight  of  graphoa  is  not  IS,  but  3S  (3 
Brodic),  in  which  cose  its  atomic  beat  will  be  7'20ia,  or  exactly  as  much  abore  tl 
mean  as  that  of  pboapboraa  is  below  iL 

Precisely  as  the  double  atoms  of  iron  and  alaminiun  in  ferric  and  shnninic  sail 
constitute  indivisible  proportions,  so  do  the  doable  atoms  of  copper  and  niBTcai7  i 
cuprous  and  mercuroua  compounds  constitute  indivisible  propnrtioiia  thnmghool  a 
the  decompoeitioDs  and  recompositions  of  their  respective  salts,  fio  long  as  t£s  meta! 
remain  in  the  state  of  aiprotunt  and  mfnmrotum,  so  long  do  831!  parts  of  the  ftrm 
and  300  parts  of  the  latter  constitute  their  respective  atomic  weights  or  smaUn 
uidivisible  combining  prc^rtioss.  Each  metal  woiJd  have  for  ita  atomic  heat  til 
namber  6,  and  would  combine  with  one  atom  of  chlorine  to  form  a  protochloride,  ■>  tbi 
while  the  atoms  of  ferrosum  and  ferricum  combine  with  the  halogens.  Ac,  in  difinei 
proportions,  or,  in  other  words,  have  different  degreo  of  equivaleocy,  the  atoms  • 
mercnroeom.  and  mercnricum  though  having  different  atomic  weights  and  difleref 
atomic  beats,  combine  each  with  the  same  proportion  of  hxlc^en,  or,  in  other  word 
have  the  same  degree  of  equivalency ;  and  similarly  with  cuprosum  and  cupncnm  (■ 
EanrviLBKTs),  A  convenient  mode  of  representing  the  atoms  of  forricnm,  morcnrosni 
Ac.  consists  in  doubling  ons  of  the  letters  of  the  reepedire  symbols  nsed  to  exprs 
•Jie  itoms  of  ferrosum  and  mercuricum.  Sec,  so  as  to  indicate  that  the  atoms  of  tt 
former  elements  are  twice  as  heavy  ss  those  of  the  latter.  In  a  fimilar  maimer  tl 
atom  of  graphon  might  be  represented  by  the  symbol  Cce,  to  imply  that  it  had  tbn 
times  the  atomic  weight  of  carbon.    In  this  way  we  might  amnge  the  followij 


Carbon  .         . 

C-    H 

Grspbon  .        , 

,    OrorCcc     M 

All-   3T-fi 

Fe-     3S 

Ferrieom 

Ffii-  SS 

MsBganosom  . 

.    Mn'   27-6 

Um-M 

Chrmnoenm    . 

Or'    26-2i 

Ccr"  fi2-5 

Mereuricum    . 

Eg' 100 

Cu^    3I-7S 

Hhg'200 
ft?  os« 

Cupricnm 

Cuprosum 

Bytfans  recognising  the  ijiuintitiea  represented  in  the  second  odmnn  as  distinct  atom 
we  obtain  nearly  all  the  advantages,  with  scarcely  any  of  the  disadvantage^  whit 
wonld  accrue  &om  Cannindro's  proposal,  and  are  enabled  to  acconnt  satJsfiKlorily  fi 
the  frpqnent  isomorphiam  or  parallelism  of  the  double  proportions  of  these  element 
irith  tha  single  proportions  of  other  elements,  as  illustrated  below : 

KClCr  with  KUmO*      inatead  of  KHn'O' 

K'SO'  „  KmmO*  „  Z'Mn'O* 

K'SO'  „  K>CcrO'  „  K'CrK)' 

SO'  „  CcrO'  „  Cr^ 

SO'Cl'  „  CcrO'CT  „  CrS)'CP 

Ag«  „  Ccu'S  „  Oufl 

A^SbS-  „  PbKlcuSbS*       „  Pb=Ou"ShS^ 

Pb'S  „  PbCcuS  „  PbCnlS 
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compmtir#]|y  unknown  snlwtance,  with  a  sabaCaaee  of  wlncli  the  fonnnia  and  atomic 
weight  are  well  detennined,  wanants  na  in  according  to  ttie  less  known  body  a 
formula  and  atomic  weight  coirespondinff  to  those  of  we  better  known  body.  Thns, 
the  iaomorphiam  of  the  stannic  aira  titamc  anhydrides,  of  the  chromate  and  molybdate 
of  lead,  of  the  sulphate  and  selenate  of  sodium,  assists  ua  materially  in  our  determi- 
nation of  the  atomic  weights  of  titanium,  molybdenum,  and  sftlenium  req)ectiTely,  and 
of  the  formuls  of  their  respectire  compounds.  But  atomic  weights  deduced  chiefly 
from  isomorphous  considerations,  require  to  be  receired  with  reiT  great  caution, 
for  the  ibllowing  reasons.  We  sometimes  find  obvious  diemi(»l  analogies  to  exist  in 
cases,  when  from  dimorphism,  or  some  other  cause,  the  isomorphism  is  yeiy  imper- 
fectl^r  developed ;  and  on  the  contrary,  we  sometimes  have  a  marked  isomorphism 
eiisting  between  bodies  whose  chemical  correlations  are  very  unsatisiS&ctory.  Thus, 
the  ison^oiphism  of  potassium  and  sodium  salts  is  not  by  any  means  strikine.  Nitrate 
of  potassium,  for  instance,  usually  crystallises  in  right  rhombic  prisms,  and  nitrate  of 
Boaium  in  rhomboids.  It  seems,  liowever,  that  each  salt  can  crystallise  in  both 
systems,  and  that  while  the  ordinarv  form  of  nitrate  of  sodium  corresponds  with  the 
rare  form  of  nitrate  of  potassium,  the  ordinary  form  of  nitrate  of  potassium  corre- 
sponds with  the  rare  form  of  nitrate  of  sodium.  Again,  the  chemical  analogies  of 
similar  lead  and  mercury  compounds  are  extremely  well  marked,  but  isomorphiHm  is 
manifested  in  a  very  few  instances  only.  Indeed  the  isomorphous  relations  of  lead 
and  calcium  are  more  de^'ided  than  are  the  isomorphous  relations  of  lead  and  mercury. 
Again,  tellurium  is  heteromorphous  with  its  chemical  analogues,  selenium  and  sulphur, 
and  isomorphous  with  its  chemical  heterologues,  arsenic  and  antimony.  One  might 
here  refer  jor  a  moment  to  the  well-known  isomorphism  of  certain  sulphides  and 
arsenides.  Thus,  sulnhide  of  nickel,  Ni'S,  is  isomor|mous  with  the  arsenide  Ni'As, 
and  the  antimonide  Ki'Sb.  Marcasite,  Fe%*,  ia  isomorphous  with  mispickel,  Fe'SAs ; 
and  common  pyrites,  Fe%^,  with  cobalt-blende,  Co*SAs,  and  smaltine,  Co'As'. 
From  this  isomorphism  a  general  analogy  in  composition  between  arsenic  and  sulphur 
compounds,  might  possibly  be  inferred]!  were  it  not  that  such  an  inference  would 
speedily  be  found  incompatible  with  the  results  of  chemical  analysis.  But  if  arsenic 
had  been  a  rare  and  imperfectly  known  element,  the  isomorphism  of  marcasite  and 
mispickel  might  not  improbably  have  led  to  the  association  of  its  compounds  with 
thoA6  of  sulphur  instead  of  with  those  of  phosphorus. 

Moreover,  2  atoms  of  one  element  are  not  unfrequently  isomorphous  with  1  atom 
of  another.  We  have  already  given  several  examples  of  this  phenomenon  when 
referring  to  the  isomorphism  of  sulphates  with  chromates,  M'SO*  and  MK)r^\  of 
perchlorates  with  permanganates,  MCIO^  and  MMn*0\  and  of  salts  of  silver  with 
salts  of  cnprosum,  Ag*S  and  Cu^S ;  and  we  hare  shown  how  the  anomaly  could  be 
readily  explained  awav.  Nevertheless  it  may  be  useftd  to  point  out  definitely  the 
kind  of  difficulty  to  which  this  sort  of  isomorphism  might  possibly  ^ve  rise.  At  the 
present  tuue,  the  ordinary  salts  of  zinc,  iron,  lead,  and  silver,  are  ahke  thought  to  be 
protft^aalts.  Now  we  find  that  copper  forms  two  chlorides,  two  oxides,  two  ralphideay 
o^c,  in  one  set  of  which,  the  proportion  of  copper  is  twice  as  great  as  in  the  other. 
Which  of  these  sets  then  comprises  the  protosalts  ?  Judging  from  the  isomorphous 
relations  of  cupric  compounds  with  salts  of  iron  and  zinc,  we  should  say  that  the 
capric  compounds  were  protocompounds,  and  that  the  atomic  weight  of  copper  was 
31*7*  Judging,  on  the  other  hand,  from  the  isomorphous  relations  of  cuprous  com- 
pounds with  salts  of  lead  and  silver,  we  should  say  that  the  cuprous  compounds  were 
the  protocompounds,  and  that  the  atomic  weight  of  copper  was  63*4. 

Lastly,  we  find  that  isomorphism  sometimes  sulisists  between  compounds  of  a  some- 
what similar,  but  not  of  a  strictly  analogous  chemical  constitution.  Thus,  haematite, 
(Fe«)"'*0*,  is  isomorphous  with  ilmenite,  Fe'-Ti""0^  and  zircon,  Z*T3iO<,  with  wer- 
nerite,  (Ai*)'~Ca'SiO*.  Again,  nitrate  of  sodium,  NaNO',  calc-spar,  Ca'OO*,  and  red- 
ailrer,  Ag'SbS',  are  isomorphous  with  one  another ;  as  are  also  nitrate  of  potassium, 
KNO*,  arragonite,  Ca'CO*,  and  boumonite,  Pb'GcnSbS*.  Perehlorete  of  potassium, 
KC10\  is  isomorphous  with  sulphate  of  barium,  Ba*SO*;  and  sulphate  of  iron, 
Fe-S0\7II*0,  is  panimorphous,  if  not  isomorphous,  with  arsenate  of  sodium, 
Na'HAs0^7HK).  These  illustrations  are  sufficient  to  show  that  the  inferences  de- 
diicible  from  isomorphism,  unless  supported  by  chemical  or  by  some  other  physical 
evidence,  must  not  be  inconsiderately  adopted  aa  certain  means  for  the  determination 
of  atomic  weighta  and  chemical  formulae.  W.  O. 

JITKAMJUI TU K  BTOITS.  Atramtntenstein,  —  A  product  of  the  partial 
oxidation  of  iron  pyrites,  consisting  of  a  mixture  of  ferrous  and  ferric  sulphates  with 
free  ferric  oxide  and  a  variable  quantity  of  cupric  sulphate  and  undecomposed  pyrites. 
It  is  used  in  the  manufacture  of  ink  {atramentum). 
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Many  plants  belonging  to  this  genus  are  used  for  the  eztnctUNi 
of  soda.    ^Kochloder.) 


■ 

A.  : 


i74  ATROPINE. 

ATrntvuax  VK 

iteppCT^  le«Tw  l!-6p(  „         .  -  , 

tent,  gnlphstc  of  potaisiiun,  i'8  aulphfttc  of  sodnmi,  nod  B  arboDala  of  KidiaiD,  24 
ehlorids  ot  lodiiuD,  uid  I'B  cuutic  >Dd>.     (Qdbel.) 

ATKOPZO  AVIO.  An  oi^uiic  acid  aUted  by  Riehter  (J.  pr.  Cbem.  iL  i 
to  ezut  in  beUadonoa,  snd  to  be  obtained  by  Ireating  the  ihjuhiu  latnct  with  alcubo 
VDmoBia,  eviponting  the  aolution  vith  potash,  and  decompiling  the  raKitti 
potauiam-aalt  with  ■ulphnric  acid.  It  ia  said  to  memble  benzoin  add  in  tana  > 
TulUilitj ;  bat  its  ptopertiea,  and  indeed  its  sepanite  sxintence,  hiiTS  Dot  been  v 
made  ont. 

ATMOVXKB,  or  SATUKZn.  CWViy,  or  (P'H'SV^-T^M  sDuli,  i 
corend  in  1833,  almottut  the  same  time  bjGeigerandHeaB(AiiiLCh.Ph>no.Tii.  20 
uidb;  Mein(^'<f.  Ti.ST),  eiielein  aU  porta  of  UiedeMUj  ni^Cahade  (Jfnipa.S<J 
donna);  it  ta  aUo  eontained  in  the  leeds  of  the  thnrn-apple  {Baliira  ttraaumitn 
The  alkaloid  has  been  aoalysed  bj  Liehig  (Ann.  Ch.  Pbarm.  tl  06),  and  bj  FlAi 
{ibtd,  lixxiv.  246) ;  the  latter  has  aJao  aaai^ed  manj  of  ita  aalta. 

To  extract  it,  the  roota  of  the  belladonna  an  treated  with  atrong  alcohol,  and  1 
extract  left  some  hours  in  contact  with  otutic  Hme,  then  filtered,  and  lupenatiua' 
with  snlpharic  acid,  the  alcohol  bariog  been  prerioualj  driveii  off  by  a  gentle  ht 
A  concentTHted  solution  of  carbonate  of  potaasinm  is  then  added,  and  tlie  tiqiudSllR 
aa  tooD  aa  it  b^na  to  show  turbidity.  The  er<rstala  of  atropine,  which  aefiaiate  tl 
a  while,  an  pohfled  by  repeated  crystallisatioa  from  alcohol  Care  moat  be  takern  i 
to  apply  too  strong  a  heat,  aa  the  atropine  is  e&silj  decompceed^^Habourdin  extn 
the  atropine  by  ohlorofbnn.  Fresh  belladonna  taken  at  the  period  of  flowering 
heated  to  BD°  or  B0°  C.  to  coagulate  the  albumin.  The  clarifled  juice,  wfaen  enld, 
iniied  with  caustic  potaab  and  chlorotbrm,  in  the  proportion  of  1  gnns.  potash  i 
SO  grma.  chloFoform  to  a  litre  \  and  the  whole  is  agitated  for  a  minat^  and  then  1 
to  settle.  After  half  an  hour,  the  chloroform  char^  with  atiopiiH  aenjstea  in  i 
ftinn  of  ■  greeniah  oU,  which  after  being  washed,  is  diitilled  till  all  the  chlorotb 
pinsri  orer.  The  reeidue  in  the  retort  is  eztractfll  with  a  little  water  addnlated  w 
enlphoric  acid,  which  diasolTee  the  atropine.  leaTing  a  green  reainoua  "titiirf  bdu 
The  acid  solution  is  then  treated  with  carbonate  of  potasainm,  and  the  jnil[»ia 
atropine  crystallised  fiom  alcohol 

Atropine  ci^atallisea  in  colourleas  ailky  needlea  united  in  toSa ;  hf  <d«w  vn^m 
tion  of  ila  aliwholic  solutian,  it  is  often  obtained  in  tlie  form  of  a  tcanahioent  Titrr- 
maaa.  It  ia  but  slightly  soluble  in  water,  but  diaaolTea  tardily  in  alcohol  leea  in  etli 
It  is  strongly  alkaline,  and  has  ■  very  bill«r  taata.  It  melta  at  DO",  and  ToUtflisn 
140°  C,  nndergoiog  partial  deeoi^iiiBtiiai.  It  is  highly  poisonous,  naaing  verti 
headache,  and  even  death  ;  it  alao  [siidnera  pmistent  dilatation  of  the  pnpil 

CUarint  acta  bat  akiwly  on  atropine,  prodacing  a  yellowinh  liqnid,  which  contain 
conaidoaMe  qnaotity  of  hydroohloratc  of  atropine.  Tincture  of  ioditu  colnurs  it  bnr 
Hot  mfric  and  attacks  it.  with  erolution  of  red  fumes.  Chlorie  aeid  disaolvea  it, ' 
deposits  it  again  unaltered,  by  spontaneous  eraporstion. 

Atropine  dissrilres  readily  in  addi.  but  the  salts  are  difficult  to  dyitalliae.  Tl 
are  bitter,  acrid,  and  poisonoos ;  inodorous  in  the  pure  Mate.  They  are  permanrDt 
the  air  at  ordinary  temperatures,  but  become  colinired  even  at  the  t«mperatnre  of  b 
in(;  water ;  most  of  them  are  soluble  in  water  and  alcohol,  and  insoluble  in  puiv  et) 
Potatk,  ammonia,  and  their  carbonatei,  precipitate  atropine  only  &om  highly  cone 
traced  aolutioDS  of  its  salta ;  the  precipitate  dissolves  re«di1y  in  flxceas  of  ue  alk 
Tannin  precipitates  it  only  after  addition  of  hydrochloric  add 

Acflalt  of  atrapini  forma  nacreous  prisms  grouped  in  stars:  it  is  permanent  i 
Te^  soluble;  after  being  seTerai  times  diasolTcd,  it  loses  a  little  of  its  acid.  (Origi 
The  MoTo-auraU,  C"H*TJO'.HCl.AuCl'.  is  precipitated  as  a  yellow  ptiwder,  gridoj 
becoming  ciyBtalline,  when  a  strong  solution  of  hydrochiorute  of  atropine  is  pon 
into  a  dilute  solution  of  trichloride  of  gold ;  the  liquid  should  be  well  shaken  dor 
the  mixing,  to  prevent  the  agglutinatiou  of  the  precipitate.  The  cU-an/mrrcuraii 
predpitated  only  &om  Tcry  concentrated  aolutions.  The  chlorapUtinate  ii  a  pal 
rulent  predpitate,  which  rapidly  agglutimites :  it  la  rery  soluble  in  hydrochloric  a< 
The  hi/drockioraU  crystallises  in  tutts  (Oeiger);  according  to  Planta,  it  is  hbci 
tallisabla.  The  nitrate  forma  a  syrupy  deliquescent  mass,  Tbepierstt  is  a  yd] 
pnlvemlent  predpitate.  The  tulpAaie  crystulisea.  according  to  Oeiger,  in  d^in 
colourless,  nacreons  needles,  grouped  in  itirs  or  tufts  :  it  is  Teiy  soluble.  Flanla  < 
nut  succeed  in  dystalliaing  iL  The  tartratt  u  a  sympy  mass,  whidi  becomas  soi 
in  contact  with  the  air. 

The  va^ars*^  pniNMd  by  dissolving  slropinn  in  aa  equivalent  qnantily  of  valak 
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■oiil  diluted  with  %  pCa.  of  ether,  and  cooled  to  0^  C,  theo  adding  m  farther  qnantitT 
of  rectified  ether  (of  60^  Cartier),  equal  to  fire  tixnea  the  weight  of  the  atropine  uaecU 
and  leaving  the  aolution  to  itaelf  in  a  ^laas  cylinder  at  10^  U.,  forms  coloorlesa  trans- 
parent  rhombic  erystalsy  which  refract  light  strongly.  According  to  Call  man  n  (J.  pr. 
Ohim.  Izxri.  69),  they  contain  C*^"NO<  +  ^H^.O^i^O*.  They  melt- at  42^^  C,  give 
eft  the  ^ater  part  of  their  water  at  100'',  and  at  120^  begin  to  eTolve  vapours  of 
▼alerianie  acid.    The  salt  prepared  as  above  is  perfectly  solnbk  in  water. 


Fyroxfne,  (Grnu  iiL  402 ;  Handw.  d.  Chem.  ii.  656.)  —  The  name 
of  a  class  of  minerala  distinguished :  — 1.  By  a  certain  form,  belonging  to  the  mono- 
clinic  or  oblique  prismatic  system,  being  a  prism  of  87°  with  the  base  inclined  at  an 
angle  of  74^ ;— and  2.  By  the  general  formuU  SLBT'O*  «  ]ir'O.SiO",  or  83f0.2ei6*,» 

rv 

where  M  eonsisU  for  the  most  part  of  Mg  and  Ca,  giring  the  fonnula  ^r  0.8iO',  leal 

Mg 

frequently  of  Fe  or  Mn.  Oceaaionally  also  iMg  is  replaced  by  6H  (polymeric  iso- 
morpbism)  ;  and  in  the  varieties  called  aluminous  augitea,  1  at.  SiO*  by  1  at.  A1*0'  (or 
liSiO-  by  8J^0»). 

S{)ecific  gravity  3*23  to  8*6.  Hardness  «  3  to  6.  Lustre  vitreous,  inclining  to 
resinous :  in  some  varieties,  pearly.  Colour  green,  of  various  shades,  verging  on  one 
side  to  white  or  greyish-white,  and  on  the  other  to  brown  or  black.  Streak  white  to 
gr^.    Transparent  to  opaque.     Fractiue  concho'idal  to  uneven.    Brittle. 

The  nature  of  the  metals,  whether  calcium,  magnesium,  or  iron,  which  enter  into  the 
composition  of  the  mineral,  produces  considerable  variations,  not  only  of  colour,  lustre, 
transparency,  and  density,  but  also  of  crystallographical  development,  sometimes  giving 
rise  to  differences  in  the  magnitude  of  the  angles  in  the  primitive  form&  These  di^ 
ferences  of  character  constitute  the  distinctions  between  tne  several  species  of  augite^ 
the  principal  of  which  are  the  following. 

Comriton  Aug  it  e^  (M  m^  Ca,  Mg,  Fe)«  the  silica  being  sometimes  also  replaced  by 
alumina.  Black,  greenish,  or  brownish-black  crystalline  masses,  with  cleavage  parallel 
to  the  faces  of  a  monodinic  prism  of  87°  and  93°.  Specific  ^vity  3*33  to  3*36.  The 
best  developed  crystals  are  found  in  basalt  and  other  volcanic  rocks.  It  occurs  in  the 
lavas  of  Btna  and  Vesuvius,  in  the  volcanic  Eifel,  in  the  Bohemian  Mittelgebiige,  in 
the  Fassathal,  Iceland,  and  in  numerous  other  localities.  In  some  of  these  augites,  the 
Hg  is  almost  wholly  replaced  by  iron  and  calcium.  HuSUonite  from  North  America, 
contains  chieflv  iron  and  scarcely  any  magnesium,  a  considerable  portion  of  the  silica 
in  this  minenu  is  also  replaced  by  alumina  (SiO'  by  AlH)"). 

Pyroxene, — This  name  is  sometimes  used  as  synonymous  with  augite,  to  denote 
the  entire  fiimily ;  but  it  is  especially  applied  by  some  mineralogists  to  certain  varieties 
of  aogite,  having  a  green  or  dark  green  colour,  vis.  FaesaiU,  Coccolite  (consisting  of  an 
aftgrt^tion  of  roundish  oystaUine  grains),  Funkiitt  Baikalite^  &c.  They  are  dis- 
tinguished from  common  augite  chiefly  by  containing  a  smaller  amount  of  iron, 

Diopeide  (white  augite,  Musnite). — Essentially  a  silicate  of  calcium  and  mag- 
noiiium,  (Ca;Mg)SiO',  some  varieties,  however,  containing  small  quantitieaof  iron,  msn- 
gnneso.  and  even  hydrogen  (H'  insteiul  of  Mg).  Colour,  white,  greyish,  or  greenish- 
white,  and  light  green.  Occurs  in  very  fine  crystals,  especially  on  the  Mussa  Alp  in 
Piedmont. 

Malacolite, —  An  augite  rich  in  magnesium,  also  containing  hydrogen,  calcium 
and  iron  being  only  subordinate.  The  water  which  it  contains  renders  it  softer  than 
the  anhydrous  augites.  Salite  and  Pyrgom  are  related  in  chemical  compoeition  to 
malacolite  on  the  one  hand,  and  to  pyroxene  and  diopside  on  the  other. 

Diallage  and  Broncite  are,  like  malacolite,  hydrated  augites  rich  in  magnesia, 
bat  having  also  the  silica  more  or  less  replaced  by  alumina.  In  hyperathtne^  the  iron 
predominates  very  strongly  as  protoxide.  All  these  minerals,  to  which  also  the 
augitic  talee  are  related  (see  Talc),  possess  a  laminated  structure,  arising  from  the 
peculiar  facility  witii  which  they  cleave  in  a  particular  plane. 

Aeheeioidal  augites,  are  hydrated  calcio-magnesian  augites  of  fibrous  structure : 
some  of  them  occur  as  paramorphoses.  This  is  the  case  with  TVatwrjeZ/tl^  a  hydrated 
ferroso-magnesian  augite  from  Traversella  in  Piedmont  To  this  sub-species  appears 
abM)  to  belong  a  nearly  pure  ferrous  augite^  analysed  by  Qrann.  (Compt  rend. 
xxiv.  794.) 

The  following  minerals  also  belong  to  the  augite  fiunily :  JEgyrin^  probably  a  calcio- 
sodium  augite ;  Actnite  or  Aehmite  (p.  36),  in  which  silica  is  replaced  by  alumina ; 
Spodmmene  in  which  SM^O  are  replaced  by  Al'O*;  J^eraondte,  an  aogite  nonfjiining 
use;  Bkodanite,  a  nearly  pure  manganese  augite. 

•  6^t0>  ■  SI  •!•  a  X  8.    SiO«  s  SB  +  S  X  16. 
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476  AUGITE  —  AVENTUHIN. 

The  tbUowiiig  ueiuuJjieB  of  certain  nrietiea  of  an^te : 


UagnMia 
Protoxide 
Protoxide  of  iioii. 
fiilin  , 

Alumina 


100-00     99- 


/ 
2S-*7      2(H> 


73      B9' 
iponltan  of  angite  ma;  he  obtuivd 


I       IDO'SO      M'67       961 
from  Sak ;  tf,  nalaeolite  f 


M  ii  diopnde  tMm  Fmbb  ;  A  from  Famnure ; 
Orr^erfor ;  t  from  Dalecarlia ;  /finm  Dagero. 

Cij^Ib  hming  the  fonn,  Btmctnre,  aad  con 
exposing  a  miiture  of  1  at  lime,  1  at.  magnesia,  and  i  at.  riitca  (8ii>^  to  the  b< 
•  porcelain  fun aee,  and  leuTing  it  to  cool  vm^  ilowl;  (Berth! er,  A"",  Ch-  Phj*^ 
XxiT.  3T6) ;  similai'  nrBtalii  are  liknriHi  found  amoag  tbe  ilagi  of  blaat^mu 
(Noggerath,  J.  pr.  Chem.  ix.  flOl.) 

The  augitea  are  not  completel;  deeompoeed  bjr  an;  aeid  except  hydrofluorie  a 
Their  behariour  before  the  bloirpipe  vane*  accoiding  to  their  constitntiaii.  Diop 
yields  a  coLoorleu  nearlj  transparent  glaiw ;  ferruginoue  angite^  a  darii-eDloiinid  r\ 
Aoeite  dinolrn  readilj  in  borax,  but  vith  diScm^  in  microacoBiiuc  aalt,  finrmD 
■keleton  of  (ilica. 


Sjn.  vith  ApiTm. 

ADXASB.     The  name  given  by  Ftim  .... 

neroli,  on  addition  of  alcohol,  in  irhi1«  nacreous  lamiaa;  it  iaprobablj  the  campba 
■tearoptene  of  the  oil,  and  appear*  to  agree  in  composition  with  the  camphor  of  mw 
It  melta  at  60°  C,  and  on  cooling  solidifiiv  to  a  Taxv  non-crjatallioe  maas ;  in  a  c 
Tessel  it  BubUmes  vithont  decomposition.  It  is  inaoluble  in  water,  diaolrea  in  10 
of  tx^iling  alcohol  of  44°  Bm.;  soluble  also  in  el  her  a  ad  in  oil  of  turpentine.  1 
not  atta^ed  bj  acids.  Frreh  oil  of  neTvli.  which  appears  to  be  richer  is  this  i 
itance  than  the  old  oil,  yields  about  1  per  cent,  of  it.  (Handw,  d.  Chsm.  u.  £58.] 
Syn.  of  HaaplnmtH. 

I,  (Aurum,^!!^,  and  x^Mii,  ore.)  A  minera]  occnrmiK  in  tr 
parent,  retiligria-grepn,  ot^e-shaped  eryslals  at  Loktewak  on  the  Altai  Monntj 
It  sppeiufl  Co  contain  4COK}n'.8ZD'H>0*.  When  redoced,  it  jieldt  a  gold^coloi 
allin-  of  copper  and  sine. 

AVXOTSX1KTTXIT&    See  TxLLrsnn,  QaAi-aic. 

AVTOlKA&rra.     aeeSpmai, 

AUTUaiTIL    Lime-iiniut&    (See  URunra.) 

AUBVX  MOBAXOVIC  or  MUtVUM.  The  old  name  of  dinilphide  of 
prepared  in  the  dry  way.    (See  Tut.) 

AVEMUr.  A  nitrogenous  Bubatance  contained  in  oats,  atmilar  to,  and  moat 
btibly  identical  with,  legumin. 

AVnrXmtXV  or  ATAJI  T  U  ILZW.  a  TOriety  of  qnarta  rock,  whitji.  a 
polished,  exhibita  a  strong  reflected  light  from  innumerable  points  of  its  aarlae^ 
eeeding  partly  from  minute  ciystals  of  mica  embedded  in  the  miaeral.  partly  froin 
nute  criLcks  and  flgsucea.  The  moat  beautiful  comee  from  Spain,  but  Teiy  fine  apedn 
hare  also  been  found  at  Glen  Frmat  in  Suitlaod.  The  moat  usual  eoloor  is  lir 
or  reddish-brown,  euciosing  guldcn-coloured  spanglee.  Tbe  mineral  ia  naed  ■■  a  f 
but  is  oflen  repUced  by  the  artiScial  aventurin -glass,  which  eren  excels  it  in  bean 

AvaxT U liZV  OIiASB,  also  called  gold-fiux.  —  A  brown ish-eolaured  t 
ii.tersperaed  with  small  apuQKles,  which  give  it  a  peculiar  shining  appearance.  \ 
l^lasa  was  formerly  Oacd  in  the  arte  and  for  omameiits,  and  its  preparation  was  ] 
kept  secret  by  the  nmnufacturers  at  Murano  near  Venice :  it  ii  now,  however.  pi*pi 
in  other  localities.  The  following  are  analyses  of  this  glass :  a,  by  Schncdermum 
Wohler ;  b,  by  PUigot ;  c,  by  Kenton. 

HO*     PW  A1"0'  FaWFeO    CaO     MgO"  K'O  Na'O    Cu      8n      PI 

a    .    0G-2      1-fi      —      6-f      —      30       4'«      2-1      S'3      30    trsc*    ^ 

*     .    67-7      —     trace    —      3fi      89       —       fiS      71      8-9      3»      1- 

a    .    87-3      —      —      2-4      _      90       —      fi3       70      4-0      23      1 
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Gaha  flnt  obaeanreed  that  the  spangled  sppearanoe  of  the  glass  is  doe  to  minute 

•aining,  opaqaOf  oystals,  haTing  the  form  of  octahedral  segments.    Hence,  and  from 

the  eoniponition  of  the  glass,  it  was  condnded  that  the  cryBtals  consist  of  metAlHc 

copper.    Clemandot  and  Fr^my  (Compt.  rend.  xii.  339),  bj  melting  together  for 

12  boun  a  miztore  of  300  pts.  of  ponndea  glass,  40  pts.  of  copper  filings,  and  80  pts. 

of  iron  filings,  and  cooling  slowly,  obtained  a  rather  doll-looking  glass  containing 

copper  difFbsed  throagh  it  in  octahedral  crystals. — ^Pettenkofer,  on  the  other  hand,  main- 

tania  that  the  spangles  consist  of  eiystals  of  a  cuprous  silicate,  identical  in  composition, 

but  larger  in  size  than  the  crystals  of  the  compound  which  impart  the  deep-red  colour 

to  hserantinone-glaM  or  p&rporino  {q.  v.),  and  are  diffused  tnrough  a  mass  of  glasN 

mloured  green  by  protoxide  of  iron,  the  red  crystals  seen  through  the  green  glass 

producing  a  mixed  or  resultant  tint  of  brown.    ATenturin-glaes  may  in  net  be  pre< 

pared  with  eertainty  by  adding  to  100  pts.  of  a  not  too  refractory  ^lass,  8  to  10  pts. 

of  a  mixture  of  equd  parts  of  ferrous  and  cuprous  oxides,  and  leaving  tiie  mixture  to 

oool  rery  alowly  so  as  to  fiicilitate  the  formation  of  crystals.    A  red  crystalline  cuprous 

compound  then  separates,  and  the  ferrous  oxide  remains  in  the  glass,  imparting  a 

gr^en  colour.    Pettenkofer  has  also  converted  hematinone  into  ayenturin-glass  by 

addition  of  iron.     (Handw.  d.  Chem.  2**  Aufl.  iL  604.) 

A V  JUI 'rmUtBT  O&AUL  A  glazing  for  porcelain  invented  by 'Wohler(Ann. 
Ch.  Phamu  Ixx.  67).  To  prepare  it,  31  pts.  of  kaolin  firom  Halle,  43  quartz-sand,  14 
gypaum,  and  12  porcelain  fragments,  the  whole  finely  groond  and  levigated,  are  stirred 
up  with  300  pts.  of  water,  and  to  the  pwte  thus  formed  are  successively  added  the 
liolutions  of  19  pts.  of  add  chromate  of  potassium,  47  acetate  of  lead,  100  protosol- 
phate  of  iron,  and  sufficient  ammonia  to  precipitate  the  whole  of  the  iron.  After  the 
potasainm  and  ammonium-salts  have  been  washed  out  by  repeated  decantation,  the 
glazinff  ia  ready  for  use,  and  is  laid  on  the  burnt  wares  in  the  ordinary  manner,  and 
burnt  by  the  heat  of  the  porcelain  famace.  When  cold,  it  forms  a  brownish  ground, 
containing  oystalline  lamma  which  have  a  golden  lustre,  but  appear  green  ana  trans- 
parent  under  the  microscope  and  by  transmitted  light ;  these  crystals  are  regarded 
Dy  Wachter  as  chromic  oxide  or  a  compound  of  that  oxide  with  feme  oxide. 

OV,  QMAXMB  or*    {French  Berries,)    See  Ybllow-bbbbiss. 

ITOVB.  A  sub-species  of  jade,  from  which  it  differs  in  not  beinff  of  so 
light  a  green,  and  in  having  a  somewhat  slaty  texture.  The  natives  of  New  Zealand 
work  it  into  hatchets.  It  is  found  in  Corsica,  Switzerland,  Saxony,  and  on  the  banks 
of  the  River  Amazon,  whence  it  has  been  called  Amazonian  stone.  Its  constituents  are, 
silica  60'6,  magnesia  31,  alumina  10,  oxide  of  iron  6'5f  water  2'76,  oxide  of  chromium 
006.  U. 

Awi  ■■■'■■  M-  j^  silicate  containing  boric  acid,  so  named  from  the  axe-like  bevelling 
of  its  lateral  edges.  It  is  also  called  7%umite,  from  one  of  its  localities,  Thum  in 
Siixony.  lU  formula  is  6M"0.2R*0".8SiO*,BK)",  where  M'O  stands  for  magnesia  and 
protoxide  of  iron,  and  R*0'  for  alumina,  sesquioxide  of  iron,  and  sesquioxide  of  man- 
ganese (Om.  m.  463).  Crystalline  svstem,  the  triclinic  or  doubly  oblique  prismatic 
specific  gravity  3'294.  Harder  than  feLnpar.  Colour  vaiying  from  a  fine  violet-brown 
to  leek-ereen,  sometimes  plum-colour ;  some  crystals  are  white  and  transparent,  with 
a  gUasy  lustre.  Before  the  blowpipe  it  exhibits  the  reaction  of  boron  with  acid  sulphate 
of  potassium.  In  the  unignited  state,  it  is  not  attacked  hy  hydrochloric  acid,  but 
}nclds  to  it  after  ftuiion.  It  is  found  in  various  localities  in  r  ranee,  Norway,  Saxony, 
the  Han,  and  the  Alps ;  at  Botallack,  near  the  Land's  End,  Cornwall ;  and  at  Tre- 
weUand  in  that  neighbourhood. 

ASABSUn.  A  bitter  principle,  perhaps  an  alkaloid,  extracted  from  Nelia 
Aeadiraekta,  an  East  Indian  tree,  by  Piddi^g;ton  (Oeiger's  Msg.  xix.  60),  who 
states  that  itmay  be  used  as  a  substitute  for  quinine.  Accordingto  O'Shaughnessy 
(Phnnn.  Centr.  1844,  p.  866),  all  the  parts  of  A^adirachta  Indica  aie  very  bitter. 
The  leaf  is  bitter  and  nauseating ;  the  bark  is  peculiarly  bitter,  and  somewhat 
astringent,  and  is  used  effectively  in  Bombay  as  a  substitute  for  cinchona  bark ;  tha 
hn&k  of  the  ripe  frnit  yields  a  vei^  bitter  U,t  oil,  which  possesses  anthelmintic  pro- 
perties, and  is  used  as  an  embrocation. 

AZB&A20  ACZD.  An  add  stated  br  L  aurent  (Ann.  Ch.  Phys.  [2]  Ixvi.  164) 
lo  be  prodnced,  together  with  suberic  and  other  acids,  in  the  oxidation  of  oleic  acid 
by  nitric  acid.  It  closely  resembles  suberic  acid,  being  distinguished  merelv  by  a 
lower  melting  point  and  greater  solubility  in  ether.  Laurent  assigned  to  it  the  formula 
C^'H'H)* ;  but  it  is  probably  nothing  but  impure  suberic  add.  (Compare  Ann.  Ch. 
Phirm^zxxv  103.) 

ASOSaHXJnnL  ABobetuide,  Azohenzol.  C^*H'*N*.  rHitscherlich,  Ann.  Ch. 
Phys.  zxxii.  224 ;  Zinin,  J.  pr.  Chem.  xxxvi.  96 ;  hiL  173 ;  Laurent  and  Oerhardt» 
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'S  AZOBENZENE—AZOBENZOTL 

impt  ehi'm.  1849.  417.) — A  product  at  the  niaetjaa  of  nitrob«iueii«.  or  af  tlitot 
ID  at  benzidine.  It  is  obt&ineil,  together  with  pheny limine,  by  the  itj  di«till>tu 
oxjb«nu:ne ;  or  limpl;  by  distilling  a  mixture  of  DilrobpBieD'  and  alcobolif  potitrii 
diatil ling  1  mixture  of  t  pt.  mtrobejuene,  3  pta.  iron,  and  1  pt.  meeticacid  (Not 
lobeiueDe  pamea  over  towards  the  ead  of  the  Dperatian.  as  a  red  oil,  which  aoliil 
cooling,:  It  ii  &«ed  from  aailine  bj  hjdrochlonc  acid,  and  recTTsUlliaad  from  ale 
ether.  It  forms  lai^e  reddish-jellow  scales,  soareely  BoIoUe  in  wiit*r,  m 
Alcohol  or  ether.  It  melts  at  S5°C.,  boils*  at  263°,  and  dintili  andwnrap 
'.  W.  Hafmann).  Vapour-densitj.  by  ezperimeut,  —  94,  ivfrrred  to  h;diO{ 
SO  referred  to  air;  by  calculation  (2  vol.),  91  referred  to  hydrogen,  6-32  refem 
r(P.  W.Hofmann.  Ann.Ch.  Phann.  eiv.  384).  Itisaolubie  ill  nitjrie  or  relpt 
id,  and  ia  reprecipitated  by  vatrr.  Sulphide  of  Hmmonium  and  ■olpharoiu  maii 
Tt  it  into  b<>azidiae.  It  is  not  decomposed  when  heaCf  d  to  260°  C.  with  anda-li 
WbeO  acted  oo  bv  faming  Qitrie  acid,  it  jielda  two  nitrosubatitation  oun,pi>aB^ 
UTOtoitnine,  C"k\iiO')S',  is  formed  when  the  reaction  is  not  pmlonged  ;  it ) 
Em  out  in  re^ldiih-yeUow  crystals,  which,  sA«r  the  acid  hoa  been  decaDtnd.  arewB 
T,  and  din'-nlvcd  in  baihog  alcohol  (which  generully  leaves  a  revidue  of  tin 


Birashwl  with  alcohol  and  ether.  Wlien  heated,  it  melts,  and  cools  into  a  laTsU 
19*.    It  ii  lina soluble  in  alcohol  than  aiobenMua. — I}i»ilratiibetumr,C'B.\yO'^ 

formed  when  the  action  of  the  nitric  acid  [a  prolonged  for  a  few  minutes  - 
petals  are  deposil^d,  which  are  washed  with  oiliic  acid,  water,  and  ether,  and  m 
aised  from  boiling  alcohol  It  forms  amall  reddish  newUes,  which  may  be  obta 
■ger  bjcrystaUinrtlinn  from  fuming  nitric  acid.  When  heated,  it  melts  to  a  bloml 
[uid,  whidi  crfStoUiaes  on  cooling.    It  is  lest  soluble  Ihim  aitnizobeiurae  in  ale 

ether.     Sulphide  of  ammonium  converts  it  into  diphenine  (;.  v.)  F.  T. ' 

ASOaSMXIL.  C"H'>NO.(P)(Zinin,  Ann.  Ch.  Pharm.  luir.  190;  Laar 
fV.  aeient.  xii.  44S).^Formod  as  a  white  granular  precipitate,  when  »  Sot  loo 
ntroled  ulcohoEc  solution  of  beniil  is  mixed  with  aqueous  ammonia :  after  itao 

the  liquid  for  ten  hours,  it  is  washed  and  recnitallised  fram  alcoboL  It  f< 
ig,  lastrons,  iridescent  needles,  which  are  soluble  in  alcohol,  tlcohotie  potai 
imooia.  and  hydrochloric  acid  (whence  it  crystalliaeB  unaltered) ;  imoloble  in  w 
toah,  or  ammonia.  F.  T.  i 

AXOaamOtaaL     C"H-JP(7)    (Laurent.  Ann-  Ch.  PhjS.   [2]  IxtL    IW 

white  Mnorphons  powder,  formed  by  the  prolonged  action  of  ammonia  on  e 
tter-slmond  oiL  It  is  insoluble  in  alcohol  and  ether.  When  healed,  it  melta, 
lidifics  in  crystalline  granules ;  more  strongly  healed,  it  is  decompowd. 

F,  T. ' 


.  C"H"N'.  (r)  (Laurent,  Ann.  CKPhyi.  [3]  i.  302.) 
oduetof  the  action  of  ammonia  on  crude  bitter-almond  oil  It  fbnns  small,  ahii 
ilique  prisms  :  is  inodorous,  nearly  insoluble  in  alcohol,  slightly  solnhle  in  ethn. 
dissolred  and  decomposed  by  citric,  hydmcliloric,  or  lulphurLC  odd.  It  solio 
tei  fusion  into  a  nan -crystalline  transparent  mass.  F.  T. 

ASOaBMXOXbZBH.  C"H"N.  (Laurent,  Ann.  Ch.  Phjs.  [3]  L  304;  i 
i.) — A  proilnct  of  the  action  of  ammoniH  on  pure  hitter-ttroond  oil  li*  oi] 
alien  up  with  potash  and  chloride  of  iroo,  distilled,  and  the  first  j  which  |isim  i1 
ti  corned  with  an  equal  Tolome  of  ammonia.  Crystals  were  graduallT  depox 
id  in  three  weeks  the  oil  was  half  solidified.  The  mass,  when  extmcted  with  c 
R  a  residme  ^  aiobeoioilide. 

2(CH'0)  +  KH'  -  C"H"K  +  2H*0, 
It  fbrms  a  microscop ic  oyataUine  powder,  inodorous,  insolable  in  alcohol,  Taqt  ilii 
luble  In  ether.     It  is  decomposed  by  prolonged  Aision.    Hot  nilne  aiid  diiaoJT 
iparently  without  decomposition;  hot  lalphuric  odd  dissolve!  it,  forming  a  ji 
lutioD,  m  which  ammonia  prodnces  a  white  precipitate.  F.  T. 

AKOaBaXOYL  C"H"(P.  (Lament,  Ann.  Ch.  Phys.  [3]  liri.  IM.I 
nductof  the  action  of  ammonia  on  cmde  bitter-almond  oil.  When  the  yellow  ren 
ass  obtained  by  leaving  the  oil  for  fonr  weeks  in  contact  with  an  equal  Tohune  of  an 
a,  is  treated  with  boiling  ether,  a  mixture  of  aiobensoy land benEoylaaotidn  is  left  m 
Ived  :  the  forraer  ia  diasolTed  out  by  boiling  alcohol,  and  purified  by  teayatalliis 
forms  a  whit^  shining,  crystjiUine,  indorous  powder,  composed  of  uregnlar  sio-s 
hies  ;  insoluble  in  water,  not  veiy  soluble  in  boiling  aleohoL  After  fusion,  it  cook 
uuporent  mass ;  it  is  deeomposod  by  a  stzoog  heM,  leaving  a  leaidne  of  aftHHk 
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Aifieoiding  to  Laurent  (Ann.  Ch.  Fhys.  [Si  L  800),  a  mixture  of  equal  volQinM 
cnide  lMtt43r-ahiK>nd  oil,  ammonia,  and  sulphide  of  ammonium,  solidifies  after  a  long 
time ;  and  on  treating  the  product  with  boiling  ether,  a  white  oystalline  powder 
remains  behind,  consisting  of  microscopic  rhombic  tables,  which  are  nearly  insoluble  in 
alcohol,  and  slightly  soluble  in  boiling  ether.  lisnrent  calls  this  body  hydrosulpkats 
of  axo6en*oylf  and  assigns  to  it  the  formula  C"H"K'S'^  upon  which  no  reuanoe  can  be 
liUoed.  F.  T.  C. 

Syn.  with  HTDBOBnnAxmB  (f.v.) 
OV.    See  CnnrAMTL. 


LOCHISBZraa      An  organic  base  which  Anderson  obtained  by  the  action  of 
sulphide  of  ammonium  on  nitrocodeine.    (See  Coobdol) 

Omelin's  name  for  Azobbmzidb. 

See  Obchxk. 

Syn.  with  (Ekanthtuc  Acid. 

See  LrrHOFBLUO  Acid. 


•    See  Ijtm us. 
ASOBKAmzc  ACIB.    See  Ptmaric  Acid. 


of  Zinin.    A  product  of  the  deeomposition  of  nitzo 
phenylamine  by  sulphide  of  ammonium.     (See  PHSinrmciNa.) 

AZOVBWT&AimrB  of  Gottlieb,  more  correctly  Nitratophenylamine.  A 
product  of  the  decomposition  of  dinitrophenylamine  by  sulphide  of  ammonium.  (See 
PHmnrLAJOifB.) 

AZOSZTB.  A  mineral  occurring  in  the  trachytic  rock  of  the  AjEore  Islands,  in 
small  greenish  or  yellowish  white  pyramids.  According  to  Hayes,  it  consists  for  the 
most  part  of  tantaiate  of  calcium. 

AZ081T&9BmB  or  BJBXrunrB.  Syn.  with  Htdiodb  of  Sulfhazo-bbnzotl 
orTuioBBNZALDiN.  (See  Bkczotl-htdiudii,  decompositions  by  sulphide  of  ammonium.) 

(a  priTative  and  (uiii  life.) — Lavoisier^s  name  for  nitrogen. 

•    A  name,  not  much  used,  for  chloride  of  nitrogen. 

Syn.  of  NiTBiDES. 

'JBMM.    Axoxybenzidr,  Aeoxyhemoi.    C*"H'*NK).    (Zinin,  J.  pr. 

Cliem.  xzxvi.  96;  Ivii.  173;  fiulher,  Ann.  Ch.  Pharm.  cxiT.  217;  Laurent  and 
Gerhardt^  Compt.  chim.  1849,  417.) — Wlien  to  a  solution  of  1  pt.  nitrobenzene  in  ' 
10  vols,  absolute  alcohol  Ipt.  powdered  potash  is  added,  the  whole  becomes  brown,  and 
is  heated  to  boiling.  The  mixture  is  shaken  up  and  kept  boiling  for  some  minutes :  on 
cooling  it  sometimes  deposits  brown  crystals.  The  mother-licjuor  is  decanted,  and 
distilled  till  it  forms  two  layers.  The  upper  is  a  brown  oily  liquid,  which,  after  de- 
cantatioD  and  washing  with  water,  solidifies  into  a  mass  of  brown  needles ;  the  lower 
contains  aqueous  potash,  carbonate  of  potassium,  and  a  brown  potassic  salt,  almost  in- 
soluble in  alcohoL  The  crystals  are  dried  with  filter-paper,  and  recrystallised  from 
alcohol  or  ether :  they  are  easily  decolorized  by  passing  chlorine  through  their  alooholie 
solution.    2  pts.  nitrobenzene  yield  1^  pt.  azoxybenzene. 

Thus  obtamed,  azoxybenzene  forms  yellow,  shining,  foi^sided  needles,  often  an  inch 
long,  as  hard  as  sugar,  without  smell  or  taste,  insoluble  in  water,  hydrochloric,  or  dilute 
sulphuric  acid,  potash,  or  ammonia,  readily  soluble  in  alcohol,  still  more  so  in  ether.  It 
melts  at  36^  C,  and  solidifies  on  eooling  to  a  crystalline  mass :  it  is  decomposed  by  dxy 
distillation,  yielding  aniline  and  azobenzene,  and  leaving  a  residue  of  carbon.  It  is 
not  attacked  by  chlorine :  bromine  attacks  it,  forming  a  yellow  compound,  very  slightly 
soluble  in  alcohoL  Strong  sulphuric  acid  dissolres  it,  forming  apparently  a  copuLited 
acid.    Sulphide  of  ammonium  and  milphurous  acid  convert  it  into  azobenzene. 

Nitraeoxyhenzene^  C"H*(NO')N'0. — Azoxybenzene  is  not  attacked  by  dilute 
nitric  acid,  but  when  gently  heated  with  nitric  acid  of  specific  gravity  1*46,  it  dissolves, 
with  ffreat  evolution  of  heat,  and  the  liquid,  if  carefully  cooled,  solidifies  after  a  while,  to 
a  thick  pulp,  consisting  of  two  isomeric  nitro-compounds,  nitr azoxybenzene,  and 
isonitrazoxy benzene,  which  may  be  separated  by  their  difiTerent  solubility  in 
alcohoL  If  the  pulp  just  mentioned  be  thrown  on  a  filter,  washed  with  water,  treated 
three  or  four  times  with  a  quantity  of  boiling  alcohol  not  sufficient  to  dissolve  the 
whole  (not  more  than  4  pts.  alcohol  to  1  pt.  azoxybenzene),  and  the  decanted  liquors 
left  to  cool,  oystals  of  nitraioxybenzene  are  first  deposited ;  and  after  a  while,  shining 
needles  make  their  appearance  in  tioe  midst  of  them.  If  the  liquid  be  then  filtered, 
and  part  of  the  aloohol  distilled  o£^  isonitrazozybcnzene  separates  on  cooling,  in  the 
form  ci  an  oil,  which  quickly  solidifies  in  a  crystalline  mass ;  it  may  be  purified  by 
two  or  three  eiyiitallisations  from  small  quantities  of  very  strong  alcohol. 


. 


\ 
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Nllrazoxybmnir  in  ■  yellowish  ciTStalliiie  body,  alighll;  Eolable  io  Wli^  bJ" 
ethrr.  It  ia  promptly  attacked  by  boiling  alfaholic  pohuh,  4iid  roloam)  brix 
I  a<ldm|;  vater.  &  yellowiah-rpd  powder  ia  precipitdUd,  whicli  may  1j«  ny^tall 
yat  boiling  oil  of  bupentino.  TIus  rompound  appears  to  contain  CH'N'O  (L 
■at  and  Qerhardt).  If  the  action  of  alcoholic  potaab  hf  prolonged,  the  mix 
icomca  bine :  tbe  cokinr  la  destroyed  by  WHt«r.  An  alcoholic  solution  nf  njphjd 
'  ammonium  conTerta  nitrazoxybenzene^  witb  separation  of  3  at,  anlphar,  into  a  c 
lliiabla  baie,  whkh  dissolrca  readily  in  alcohol  uid  in  benlene,  and  brma  aalb  ' 

Itojiiinuoxyhejurtu  forms  crystals  Tery  mach  like  tbase  of  niCntioxylmiKeQe, 
uu]y«Dlnblem  aleohoL  It  diiwolTeB  albo  in  a  targe  <|uantity  of  ether,  and  in  bi-ni 
id  often  crystallisefl  from  these  liquids  in  fine  rhomboidal  priBina,  It  melts  at  *E 
lit  doea  not  ToUtilise  without  decomposition.  Wbcn  1  pt.  of  this  snbstsnc*  ia  tre 
jlh  a  Bolntion  of  1  pt.  of  potush  in  8  pts.  of  alcohol,  tl  melts  and  disKilTes  ' 
rallition,  giving  off  the  odonr  which  is  evolved  on  tmiting  nitrobeoEeaa  with  lifiA 
>taah.  On  boiling  the  liquid,  >  resinous  mass  sepamtee,  vbiuh  yields  by  di«tills 
I  oninge-CDlooted  product,  which  crystiUlises  ^m  alcohol,  and  resemblca  n 
bcnylamiiie.  At  the  same  time,  an  oDy  body  is  formed,  notpoaseasing  basic  proper 
id  dmreoal  remains  behind. 

Ivinilrasoiybeiiiene  treated  with  alcoholic  snlphydratfl  of  Bmmomam,  jiaMs  a  1 
triog  the  composition  C"H*N*0 : 

C"H\NO')NH)  +  2H^  -  C^tTO  +  2HH)  +  S*. 
his  body  is  insoluble  in  water,  veiy  soluble  in  alcohol,  etber,  beniene,  and  rock 
ilnble  aiso  in  ands  ;  but  does  not  form  deflnit«  salts.  It  oielti  at  9^  C  to  *  ye 
^nid,  which  solidifies  on  cooling,  proTidcd  the  tempcintnre  has  not  been  reisid 
Lgh.  If  a  strong  beat  be  apphed,  a  brown  liquid  distils  over,  aolidile  in  aloe 
lough  less  so  than  the  original  substance.  F.  T.  t 

AZOXniZnnra.     Qmelin's  name  for  Aioxti 


ASnKZC  ACZXk  A  brown  substance  produced  by  the  spontanMua  deooi 
tioD  of  eyanogen  and  hydrocyanic  acid. — An  aqneona  or  a  dilute  alcoholic  aohitio 
ram^gen  or  aqueous  hydrocyanic  acid,  when  left  to  itself  for  some  time,  eapeoally  i 
Idition  of  ammonia  or  potash,  acquire*  a  brown  colour  and  gndnally  deposiU  br 
ikea,  cnaaiflting  of  SEulmic  add.  The  solution  contains  aauimate  of  potasainn 
umoniom,  &om  which  the  acid  may  be  precipitated  by  the  stronger  adds. 
ime  product  is  obtained  by  passing  cyanogen  gas  into  aqneona  ammonia  or  alcot 
itash.  —  BMpecting  the  composition  of  this  substance,  statemeuln  vary  greatly; 
inling  to  Felouze  and  Richardson  (Ann.  Ch.  Pharm.  xiri.  33),  it  is  C'H'K 
mt  is  to  say.  i  at.  cyanogen  •  SHH) :  but  it  is  doubtful  whether  any  of  the  ana] 
ive  been  made  upon  a  pure  definite  compound.  The  acid  yields  by  diy  diitilla 
{nlrocyanic  add,  anmonia,  and  water,  and  leaves  a  residue  of  charooal  contaii 
itrogen.  (For  a  full  account  of  all  the  modes  of  prvpaiation.  piopartiea,  and  react 
'  aislmic  add,  see  Omelin's  HandbcKA,  xi.  37£.) 

AXDBB-a&ra.     8eeSau,T. 

[     See  LuuLiTl. 


MA.VtMOTOWTTX.    A  uiDeTal  eoniisttDg  principally  of  nlieato  of  iron  and 

um,  fbond  near  Arendal  in  Norway,  in  the  Shetland  Isles,  at  QooTenieiiT  in  8l  I 
nee  County,  New  York,  and  at  Atbol  in  Massacbusetts.  It  forms  akut,  nearly  r 
igled  rhomboidal  prisma,  of  the  triclinic  Byst«m,  with  truncated  edges  and  obtn 
iTelled  summits.  Fracture  imperfectly  conchoidaL  Colour  dark  greeninh-til 
ith  Titreoas  lustnj.  Opaque  in  the  mass,  translucent  io  thin  aplinlen.  Hstdi 
5  to  S-O.  Spedfic  grarity  3'4  to  3S.  Brittle,  producing  a  giwniah-Bnj  stK 
elta  easily  with  intomeacence  before  the  blowpipe,  forming  a  brownish-black  shii 
obult^  attiHCted  by  the  magnet.  It  is  ahiwly  decomposed  by  boiling  hrdiDcbl 
id.  The  miDera]  has  been  analysed  by  Arppe  (Burs.  Juiresb.  nii  20), 
'  R.  D.  Thomson  (Phil.  Ugg.  [3]  xiviL  123),  but  its  formula  has  not  jat  b 
ilermined ; 

fiBC        MgO      CaO        Fed      MnO     AlW   ^t,'^„, 
04-4        2-3        19-8        Sl'3         1-8        03  0-0   >    tOO'fi  (Arppe) 

47-S        2-1         14-7        16-8      10-2        6-n  1-2   -     9U-1  (ThomaoD 

■  fbr  the  fruila  of  aen 
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ri««  of  acacia.  The  principal  rarieties  are  East  Indian  bablah,  tnm  the  Acacia. 
tfio/ak  {Roxburgh),  and  Senegal  and  Egyptian  bablah,  fron  Acacia  nUotioa 
{D title).  The  pericarp  of  theac  fraita  oontaina  a  daik  brown  aatrii^iefit  jnioe.  The 
aqueous  extract  eontaina,  according  to  Chevrenl  (Lemons  ds  Cktmie  appliftUe  a  la 
ft  in  turf,  iL  211),  gallic  and  tannic  acids,  a  red  ooionring  matter,  and  a  nilzoKenoQS 
substance,  beaidea  other  aubetances  not  yet  examined.  East  Indian  bablah  yields  to 
)K)iIing  water  49  per  cent  of  soluble  matter;  Senegal  bablah  67  per  cent. ;  nererthe- 
IcM.  according  to  Gnibouiti  the  East  Indian  yariety  is  ridier  in  tannic  and  gallic  acid, 
and  therefore  more  Taluable.  Bablah  is  used  in  caUoo-printing  in  combination  with 
alumina  and  iron  mordants,  to  produce  various  shades  of  fiiwn>colour.  The  tint  pro- 
duced hj  the  seeds  is  different  m>m  that  obtained  wiUi  the  husks ;  the  seeds  are  said 
to  contain  a  red  ooionring  nuitter,  and  to  be  used  in  E^jpt  and  India  for  dyeing 
morocco.     (Handw.  d.  Chem.  2**  Aufl.  iL  603.) 

BAair&>4i(Uai  or  Wnn^^MAMU^  an  inferior  1011  of  gun  azabie^  from  the 
Uibul  tree,  Acacia  Arabica  (  Willd,)  growing  in  Bengal 

BAVIXOVXAW  QVAHTX.  This  name  is  siyen  to  peculiar  pomps  of  quartz- 
rrystalfi,  composed  of  thin  crystalline  plates,  disposed  one  abore  the  other  uke  temeea. 
It  is  foond  at  Beerbton  in  Devonshire. 

TS.    See  Obthttb. 

or  BillHUITJ,    A  variety  of  niobite  found   at  Bodenmats  in 

Bavaria  and  at  Limoges  in  France. 

A  green  modifioation  of  diopside. 

Chemistry  being  concerned  with  the  relative  maasea  or  quantities 
of  the  elements  which  compose  aU  known  substances^  and  the  weight  or  force  of 
gravitation  of  a  body  bdn^  Uie  only  practicable  measure  of  its  mass  or  quantity 
of  matterj  the  balance,  which  shows  the  equality  of  two  weights,  and  may  hence 
determine  the  xmtio  of  all  oommensurable  weights,  is  the  chemist's  most  important 
instrmnmt* 

Fig,  78. 


Tneoretically  speakinff,  the  balance  consists  of  a  lever  or  inflexible  atrught  line 
.uming  with  perfect  freedom  on  its  central  point  A  weight  is  applied  to  each  extreme 
point,  and  the  force  of  eravity  acting  perpendicularly  downwaras,  if  either  of  these 
weights  be  in  the  least  £giee  greater  than  the  other,  it  will  prevail  and  cause  the  lever 
to  revolve  in  its  own  direction.  The  equilibrium  of  the  lever  or  balance^  affords  the 
desired  criterion  of  perfect  equality  of  weieht ;  and  an  arbitrary  weight  bcong  assumed 
ns  a  standard,  we  can  arrive,  theoreticaUy  speaking,  at  anv  of  its  multiples  or  sub- 
raultiples  by  successive  duplication  and  bisection  combined  witb  addition  and  sub- 
traction, and  a  perfect  measure  of  aU  weights  from  the  greatest  to  the  l€4uit  may  thus 
lie  attained.  The  results  of  course  are  not  absolute  weights,  as  we  say  iu  »mmon 
^prech,  but  ratios  of  weighta  to  each  other,  or  to  the  standard  unit-weight 

i'ructicidly,  however,  the  balance  consists  of  a  metal  beam  with  two  almost  equal 
\  OL.  L  IT 
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Mid  omilar  uuli,  incpoidsd  near  iti  centra  of  gnvity  on  ■  pirot,  Ihe  weij^tx  ti 
oompued  baine  alao  suipended  from  two  pivou  >t  nearlj  hjiuU  diatutcM  from 
centre  piTOt.  In  the  balanos  tlins  coiutructed,  ve  hsTS  by  no  mpani  the  unfile 
perfect  CDioHTuoD  of  two  Deighta  supposed  in  thearj ;  Ae  weiglit  of  the  besm, 
(ridioa  of  Ids  ptvoti,  their  nnequl  diatsnceii  fnjm  the  middle  one.  the  mi(t«nr 
tiic  air.  and  poeaibty  other  causes,  inCroduce  amsll  extraneous  forces,  vhich  rend«i 
companion  required  more  or  less  uncertain  and  erroDeouB, 

Thi  Cbmxicai.  BujkXCX,  ia  adapted  for  the  ordinarj  operation!  of  qoanlili 
uuljsia,  and  ii  usoallj  capable  of  weighinf;  aay  quandtj  lest  thsn  1 00  gramiar 
1600  grains.  In  its  most  perfect  form  («ee  fig.  78)  it  conaisEi  of  a  perforated  1 
beam,  cast  in  a  single  piece,  eombinitig  great  etrength  and  perfect  inOexibilitj 
OOmparatirely  nnall  veight  It  ia  auapended  at  the  centra  on  a  knife-edge  of  } 
■boat  an  incn  lon^  and  tome  on  a  aingle  polished  plane  of  agate  fixed  on  a  projc 
biasa  iDnnit,  vhieh  entera  a  perforation  of  the  beam,  and  doei  not  impede  its 
tion.  Toe  W*te  knife-edge  is  firml?  embedded  in  a  wedge-shaped  piece  erf  braa, 
'    '  XadQasledeiactljatright-angtes  totheplaneofthe  beani,iBthen  p 


Ix^ 


At  each  end  of  the  bi 
Fig.  19. 


agate  priein  (seefig,  79),  with  Ihe 
upprriDnat,  Sied  in  a  brass  setting,  i 
Lpnble  of  1  little  lateral  moremesl 


.  pk... 


Except^  horerer,  when  a  weighing  L 


that  the  ti  ....  _„ 

centre  edg«  ara  all  qoreriablj'  in 
plane,  ai  maj  be  seen  bj  lookuif;  i 
them.  The  extreme  edgee  may  b?  n 
t«  or  tram  tJie  centre  edge  trj  littli 
justing  screws,  and  fixed  id  the  df 
position  with  the  aisiitance  of  two  cl 
ing  screws. 

Upon  these  extreme  edges  (t.  r,  i 
eigtit)  ara  balanced  two  aeatc  plants, 
which,  b;  the  bentwireaud  a  serieaof ) 
and  light  wires,  the  pans  are  su^x^d 
inallj  being  nude,  the  aftate  planes 


a  contact,  but  the  bum  and  pan  ■UEpeasiona  are  borne  b;  a  fi«n 
morement,  hanog  in  the  centre  two  Y**  (Jig.  7B)  which  catch  projecting  pina  do 
the  centre  edge,  and  lift  the  beam  about  yt,  of  an  inch  off  the  plane,  whue  steel  p 
(ahown  in  dotted  outline  in  jig.  79.)  entenna  hollows  in  the  lower  surface  of  the 
■ospeiuiona,  likewise  raise  these  plonFs  offthe  edges,  and  retain  them  in  the  t 
positions  proper  for  a  new  expcrimenL  The  moTement  of  the  brass  frame  ia  gon 
by  and  deecending  through  the  pillar  of  the  balance  and  resting  on  a  simple  e<vpi 
ij  the  turning  of  which  it  is  gnuiuallj  raised  or  lowered.  In  the  bMt  balances  t 
second  eccentric,  by  means  of  two  bent  levers,  raiaes  sapporta  beneath  the  pans  o 
balance,  aod  either  holds  these  safely  while  weights  are  being  placed  in  thet 
checks  their  oscillations  preparatory  to  the  release  of  the  beam.  The  two  eccentric 
so  atyuated  that  on  turning  the  handle,  the  pan  supports  ai«  fint  lapidl;  drop 
the  beam  is  then  Tery  gently  lowered  on  to  the  centre  plane ;  and  Uirtly  the 
suspensions  are  in  the  most  delicate  manner  letl  free  upon  the  extreme  edgn 
beam  being  perfectly  horizontal  and  Dndiatarbed,  so  as  not  to  show  the  slightest  pn 
derance  one  way  or  another.  Much  of  the  excellence  of  a  balance,  aa  it  is  empl 
in  chemistry,  depends  upon  these  several  movements  being  aniootbly  performed, 
the  parts  being  released  without  the  least  etickineas ;  otherwise  the  beam  is  th 
into  oscillation,  and  the  true  ^proach  to  equilibrium  cannot  be  readily  obserred. 
Most  of  the  weight  of  the  beun  and  frame  is  nsnallj  borne  by  a  spiral  spriiig  ii 
interior  of  the  column.  An  index  moving  over  an  ivoiy  scale  one  inch  long,  dii 
into  twenty  parta,  indicates  the  movement  of  the  beam.  The  index  should,  of  co 
point  exactly  to  the  centre  division,  both  before  the  beam  is  raised  and  when  it  ii 
and  unloaded.  The  balance  is  enclosed  in  a  glass  case,  with  convcoient  windowi 
shown  in  the  figure ;  but  when  a  Tery  bulky  object  has  to  be  weighed,  the  & 
screws  at  the  mm  of  the  column  {fig.  7S)  are  to  be  loosened :  ilie  column  sAd  I 
may  then  he  tamed  through  about  80°,  so  that  the  scales  extend  without  the 
Two  spirit-levels,  or  a  circnlar  level,  and  levelling  screws,  are  attached  bj  whiel 
whole  instrument  most  be  a4justed  to  horizontality.  Aboie  the  centre  of  the  1 
is  a  small  weight,  which  we  may  call  the  gravity-iob,  and  which,  being  screwe 
yi  down,  regulates  the  stability  of  the  balance,  while  a  »mall  vaiu  being  turned  b 


the  beam,  the  balance  case  remaining  closed. 
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The  bdance  above  described  ijb  by  Oertling,  of  BiBhopsgateStaneetfLondoii,  who  liki>- 
yriac  oonatnicta  the  chemical  balance  in  aeren  different  Tarietiea  more  or  leaa  elaborate, 


Fig.  81. 


Fiff,  S2. 


The  laigeat  of  these,  with  a  16-inch  beam,  able  to  bear  two  pounds  in  each  pan,  and 
yet  torn  with  ^4»  grain  is  a  remarkably  fine  instmrnent  The  German  balances  made 
by  Oertlinff  of  iBerlin,  Staudinser  of  Giessen,  Steinheil  of  Mnnich,  and  others,  ara 
extremely  delieate  and  well  made  instmments.  Delenil  of  Paris  eiyoys  also  a  jnst 
celebrity  for  his  chemical  balances.  M.  Stas,  in  his  late  researches  upon  the  atomio 
M'oigbts,  employed  a  balance  ui.-    oo  to?    oj 

by  Gambe^,  which  turned  to  ^^'  ^^'  ^'  **• 

half  a  milligramme  when  laden 
with  a  kilt^ramme ;  also  one 
by  Saer6  of  Brussels,  carry- 
ing two  or  three  kilogrammes 
and  turning  with  0*3  milli- 
granune.  ^¥^.  83  shows  the 
terminal  suspension  of  a  de- 
lieate  balance  by  Fortin  of 
Paris^  capable  of  indicating 
one  pan  in  a  million,  while 
fiff.  84  is  from  a  German  ba- 
luice. 

Txi  AsaiT  Baulncb  is  specially  adapted  for  weighing  small  olnects  with  gnat 
accuracy  and 'rapidly.  The  French  assay  balances  consist  of  a  very  ught  steel  beam 
mounted  in  the  manner  of  a  pair  of  scales  with  hook  pan  suspensions,  yet  their  perfor- 
mance is  good. 

Oertling  constructs  the  assay  balance  in  fiye  forms,  of  which  the  most  commonly 
employed  has  an  8-inch  plain  brass  beam  with  a  centre  steel  knife-edge  and  hook  pan 
suspensions,  adjustable  by  a  small  screw,  as  shown  in  fy,  80.  It  is  not  adapted  to 
bear  more  than  two  grammes  in  each  pan,  and  wiU  perliaps  indicate  the  ^  purt  of  a 
milligramme. 

Another  kind  has  an  8-inch  perforated  beam,  with  three  agate  edges  and  planes, 
and  in  fact  all  the  elaborate  movements  and  a^ustments  of  the  chemical  balance 
above  described,  on  a  small  scale.  It  will  bear  10  or  15  grammes  in  each  pan,  and  yet 
indicate  surely  and  rapidly  about  ^  of  a  milligramme. 

Lastly,  we  may  mention  the  10-inch  assay  balance,  with  a  very  light  perforated 
beam.  A  figure  and  a  short  description  of  this  balance  will  be  found  under  the  article 
Gold  Asbat,  but  the  terminal  suspensions  are  shown  here  injiga,  81  and  82,  and  are 
formed  of  two  small  screws,  bearing  sharp  points  of  ruby,  one  working  into  a  Httle 
hollow,  the  other  into  a  little  channel  in  a  steel  cross-piece,  firom  which  the  pan  is 
suspended. 

In  contrast  to  the  last  balance  it  may  be  mentioned  that  Oertling  constructs  balances 
on  the  principles  of  the  chemical  balance  with  a  beam  4  feet  long,  able  to  bear 
2000  ounces  in  each  nan,  and  yet  turn  with  half  a  grain,  or  the  one-millionth  part  of  the 
load.  They  are  chiefiy  employed  in  the  several  English  and  American  mints  for 
weighing  bullion,  but  might  be  useM  in  some  scientific  investigations.  See  Jury 
Beports  on  the  Great  Exhibition  of  1851  (p.  258). 

It  is  of  little  use  to  describe  forms  of  Uie  balance  which  are  now  antiouated.  Those  by 
Robinson,  by  Bamsden,  and  his  successor,  Berge,  and  by  Barrow,  had  beams  composed 
of  two  hollow  brass  cones  joined  at  the  base  with  many  elaborate  adjustments.  A 
balance  made  by  Ramsden  for  the  Royal  Society  is  said  to  have  indicated  one  part  in 
Bpven  millions.  In  the  Gottingen  Transactions,  is  described  a  balance  constructed  by 
Gauss  and  Weber,  the  beam  and  scales  of  which  were  poised  on  watch  springs,  a 
method  contrived  by  Gauss.  Beams  suspended  by  ribbons,  threads^  or  turning  os 
little  spheres  of  steel  have  been  tried  by  Steinheil ;  but  in  no  instrument  have  attenqytii 
to  invent  new  forms  been  more  futile. 
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'inllj,  if  tlia  tliree  «d^  of  nupenaion  aie  Dot  klrmd;  in 
UBtment,  u  u  sometinm  the  caar,  proceed  na  foUom:- 
puii  poiee  the  beun,  tod  thea  IWH  or  toirer  tbr  bob  niitjl  the  Tibralioni  are  n 
ra  very  alo* ;  now  put  weights  into  the  pans  equal  to  about  half  the  grealnt  k 
balance  is  to  cany,  ao  that  the  beam  maj  be  paiced  again ;  if  it  now  vibra 
rl;  aa  befoie,  it  pmm  ih«  a4iastmeDt  to  be  perfect ;  but  in  case  it  eilber  or 
I  or  TibratM  too  quicUj,  restore  it  to  slow  motion  b;  tlie  a^jnitiiig  vei^it 
nlg-bnb,  M  we  may  call  it,  noting  tbe  nombei  of  tome  of  the  aerew  and  pHta  a 
n  which  wen  required  to  produce  alow  motion ;  now  turn  the  acrew  tbe  ecmtimiT  w 


I  other.  If  eqnihbhum  still  holde,  tbe  a^j'^'tment  ia  perfect ;  if  not,  take  ■■  mi 
ii  or  wire  aa  when  put  into  the  apparently  lighter  scale,  will  reatore  the  balani 
X  awB7  half  of  it,  and  poise  the  beam  b;  tbe  proper  i4]uetment  at  tbe  left  e 
ieh  completes  the  procees.  Instead  of  placing  an;  weights  in  the  pana.  all  i 
aing  maj  be  ooDTenientl?  done  by  a  rideT-weight  on  the  beam,  and  in  tlie  1 
nation  it  is  to  be  lemorrd  half  way  towards  the  centre  of  the  beain.  Tbe  a^j" 
nt  of  (he  edges  to  perfect  parallelism  is  nf  course  indiapensable ;  we  only  prem 
it  it  is  done  by  pUcing  narrow  plane*  or  hooks  on  different  parts  of  Ifae  edges  ■ 
iTing  theae  until  the  apparent  weight  is  the  same  on  what«Ter  part  tlw  weij 

i,  good  balance  in  perfect  adjustment  should  bear  most  of  the  following  tea 
[thont  weighta,  of  conrse,  it  should  remain  with  the  index  at  too,  or  make  eq 
w  excnnions  on  cither  side.  The  pans  being  removed,  tlie  beam  alone  shonld  be 
lilibiium.  and  oscillate  probably  much  more  quickly.  If  there  be  nothing  in  the  o 
netion  of  the  balance  to  hinder  it,  the  beam  should  be  turned  round  &om  left  to  n| 
1  should  act  as  before ;  this  teat  is  a  serere  one,  generally  disclosing  as  it  d 
ne  defect  in  the  work  of  the  middle  knife-edge  and  the  ptanee  on  which  it  ret 


i  ani^aions  are  Tarionslf  changed  in  both  positions  of  tbe  beam.  I«atjy, 
OB  betns  fnlly  ajid  equally  loaded,  the  weighte  should  be  changed  frma  pan  to  p 
i  eqnilibrinm  yet  hold,  proiing  the  lengths  of  tbe  arms  to  be  fully  equaL 
L  good  balance,  too.  may  be  known  by  its  giving  the  Weight  of  an  object,  the  same 
iriy  so,  when  weighed  aereral  times  anccesBire^.  There  are  few  balances  that  ^ 
this  with  certainty  to  the  last  minnte  fractions  which  they  are  capable  of 

VTnoHTS. — Tbe  results  required  by  tbe  chemist  in  analyses  being  memly  mmparal 
proportional,  the  choire  of  a  unit  weight  is  a  matter  of  indifference,  prarii 
it  it  be  not  Taried  during  tbe  progress  of  an  experimenL  Bnt  it  is  most  < 
lient  to  adopt  weights  connected  with  some  national  stanrliiTij,  so  that  abeol 
igbings  may  if  necessary  be  recorded.  Qrain  weights  are  still  sometimes  used 
^iah  chemists,  bnt  moet  men  of  Bcienc»  of  sll  nations  qipear  by  a  kind  of  t 
Temcnt  to  have  adopted  the  French  standitrd  weight,  the  gramme,  witli  its  onifi 
ies  of  decimal  mnltiples  and  submnltiplea ;  and  we  thnefore  sbonglj  icconun 
eiclusice  employment  by  every  scientific  chemist. 

4  complete  set  of  weights  extends  from  the  smallest  that  tbe  balance  wiU  indie 
to  the  greatest  that  it  will  bear,  and  the  series  usually  snpplied  with  a  balano 

■001  gramme     '01  gramme    '1  gramme    t-0  gramma    lO-O  grwDunes 
■001       „  -01       „  -1       „  1-0       „  lO-O       „ 

■001       „  02       „  -2       „         1-0       „         20-0       ,. 

■M2       ..  OS      „  S       „         20       ,.         flO-O 

■C06      „  6-0       „ 

I  whole  making  np  just  lOI  grammps.  These  are  arranged  meet  convenienUy  in  '- 
le  wooden  stands,  which  may  either  be  introduced  into  the  balance  case  or  endo 
ether  with  the  fbroeps  in  a  sspaiste  box.  A  glass  eorer  also  liia  orer  the  in 
igbta.  The  weights  from  1  gramme  upwards  are  bent  made  of  bran  ffill .-  be 
ramme,  of  platinum  in  the  form  of  11  nt  squares,  with  a  corner  lent  i.p  for  hold 
the  foTcepa,  the  weight  being  stamped  on  each  piece.     The  m  iUigraiCinie  weig 
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•re  Bomeiimcfl  made  of  palladium  or  alnminiiim  ;  but  the  latter  metal  is  rather  too  soft 
for  tlie  (mrpose,  and  is  apt  to  wear  away. 

An  admirable  improvement  in  the  modem  balance  consists  in  its  partial  employment 
on  the  principle  of  the  steel-yard,  as  far  as  regards  the  estimation  of  the  last  minute 
fractiona,  A  small  ridtr^  or  hanging  weight  of  thin  gold  (or  brass)  wire,  is  placed  upon 
the  tipper  edge  of  the  beam  either  by  the  forceps,  or  more  conveniently  without  opening 
the  case,  by  a  brass  sliding  rod  and  a  little  arm  (see  Jip.  78),  on  either  side  of  the  beam. 
Now  the  weight  which  this  rider  exerts  towards  turning  the  beam  is  such  a  Auction  of 
its  whole  weight  in  the  pan,  as  its  distance  from  the  centre  of  the  beam  is  of  the  distance 
of  the  pan-suspension  from  the  centre.  The  rider  commonly  weighs  '01  gramme,  and 
«*ach  arm  of  the  beam  is  graduated  into  twenty  parts ;  but  the  fifth  part  of  these 
divisions  may  easily  be  gue«ed,  so  that  the  fractional  weight  may  really  be  read  off  to 
the  T^  part  of  the  rider  weight,  or  '0001  gramme.  This  simple  contrivance,  compared 
with  tne  use  of  minute  weights  in  the  pans,  presents  the  following  advantages. 

1.  Saving  of  much  time  and  trouble.  2.  Greater  accuracy,  small  weights  being 
liable  to  collect  dirt,  or  to  be  rubbed  or  injured.  3.  Minute  estimation  of  weights  to 
any  required  degree.  4.  Diminished  chance  of  error  in  reading  off  the  weight.  With 
numerous  small  weights  errors  are  certam  frequently  to  occur. 

The  series  of  grain  weights  1,  2,  3,  4,  10,  20,  30,  40,  &c.  is  not  uncommonly  em- 
ployed, and  is  quite  as  convenient  as  the  series  1,  1,  2,  5,  10,  &c.  As  a  curious  fact,  it 
may  be  mentioned,  that  the  series  of  powers  of  3,  viz.  1,  3, 9,  27,  81,  affords  the  greatest 
number  of  combinations  to  a  given  number  of  weights.  Thus  twelve  such  weights  give 
l«y  addition  or  subtraction^  any  integral  number  &>m  1  to  265,720,  while  21  weights  of 
the  series,  1, 1,  2,  6,  do  not  reach  200,000. 

Weights  when  used  in  a  laboratory  must  almost  always  become  too  light  by  wear,  c; 
more  commonly  too  heavy  by  corrosion  of  the  brass.  Were  the  error  ^ways  proper- 
tional  to  the  size  of  the  weight,  all  error  would  be  eliminated  in  anv  comparative 
tv^jolt.  But  this  is  not  usually  the  case,  since  the  mass  increases  as  tne  cube,  while 
the  surface  increases  as  the  square  of  the  diameter.  Hence  the  small  weights  will  be 
more  erroneous  in  proportion  than  the  laxse.  Weights  should  never  be  rubbed,  and  if 
dusty,  should  be  wiped  with  a  silk  handkeruiief  or  a  camel's-hair  brush.  Small  piatin  um 
weights  may  be  cleaned  if  necessary,  by  momentary  exposure  to  the  flame  of  a  spirit- 
Ump.  One  set  of  weights  should,  if  possible,  be  carefully  preserved  beyond  the  in- 
H  ttcnce  of  fumes,  and  should  not  be  touched  but  b^  ivory-pointed  foreeps.  The  weights 
commonly  used  should  occasionally  be  tested  against  these,  to  see  whether  their  erron 
\*^  disproportionate ;  or  weights  may  less  satisfiictorily  be  tested  against  each  other. 
An  expenenced  weigher  will  never  trust  even  the  best  balance  m&ker  as  to  the  ac- 
curacy of  his  weights,  but  will  always  test  them  against  each  other  in  various  ways,  on 
tlnit  receiving  them.  Many  conclusions,  observes  Faraday,  tending  to  subvert  most 
important  chemical  truths,  might  be  quoted  as  having  arisen  solely  from  errors  in 
woi^hta  and  balances. 

In  assa^ng  (see  Gold  Assay),  a  epecial  unit  and  set  of  weights  is  adopted  to  suit 
tho  weighings  required;  the  same  might  be  advantageously  done  in  any  large  set  of 
analyses  or  experiments. 

Much  time  will  on  the  whole  be  saved  in  weighing,  if  the  weights  be  taken  me- 
thodically in  their  proper  order,  10,  6,  2,  1,  1,  except,  of  course^  the  slow  motion  of 
the  balance  indicate  that  only  a  small  weight  more  should  be  added.  For  if  an  unknown 
weight  ei(oeed  10  but  fsdl  short  of  20,  it  is  an  even  chance  that  it  be  above  or  below  16, 
so  that  if  the  weights  2,  1,  1,  be  used  after  the  10,  it  is  as  likely  as  not  that  the 
weigher  will  lose  his  trouble,  and  have  to  resort  to  the  weight  5.  In  this  respect  the 
tM'ries  of  weights  (avoirdupois)  16,  8,  4,  2, 1,  ^, ),  &c.  is  obviously  the  most,  advantageous. 
When  equilibrium  is  nearly  attained,  the  expert  weiffher  will  notice  the  rapiditv 
M'ith  which  the  index  of  the  beam  traverses  the  arc,  or  the  extent  of  the  oscillation  if 
it  be  less  than  the  whole  arc,  and  comparing  this  with  the  load  in  the  pans,  and  with 
his  previous  experience  of  the  same  balance,  will  closely  estimate  the  alteration  of 
weight  required,  and  thus  save  half  the  time  and  trouble  which  the  adjustment  would 
otherwise  have  occupied.  It  will  afterwards  be  shown  that  the  oscillations  of  a  good 
balance  may  give  sure  determinations  of  the  most  minute  fractional  weights. 

We  cannot  too  strongly  impress  upon  the  reader  the  danger  of  mistues  in  reading 
off  the  weights  in  the  pan  of  a  balance.  The  danger  is  greater  with  small  than  with 
large  weights,  and  this  alone  would  be  sufficient  reason  for  the  use  of  a  rider  weight  In 
any  case,  the  weights  in  the  pan  should  be  read,  then  taken  out  and  arranged  in  order, 
and  again  read ;  lastly  restored  to  the  pan,  and  fresh  trial  made.  Or  the  reading  of  the 
weights  may  be  compared  with  the  vacancies  in  the  box  of  weights.  When  the  vibra- 
tions of  the  balance  have  to  be  read,  the  divisions  of  the  scale  should  be  numbered 
from  Idt  to  right  continuously.  For  if  the  zero  be  in  the  centre,  the  signs  -¥  and  — 
must  be  seed,  and  mistakes  are  sure  to  occur.    Under  the  article  Gold  Assay  will  b^ 
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found  m  iattaaee  in  which  Tibntioni  are  OMd 
(be  lut  fmctiooB  of  veigbti. 

The  canal  saaTces  of  mistake  aie  too  manj  to  m«DtioD.  Not  uifreqimtlj  a  ri 
Buj  remain  nnnotieed  on  lome  part  of  the  beam,  and  vitiat*  tereial  wdghinea.  Wi 
■  bnl^  or  flexible  object  ii  being  vei^lied,  aome  part  ia  my  likelj  to  come  in  tool 
with  the  balance  cam.  We  have  even  known  a  Krapolowy  exact  gold-unjer 
iDto  leiioai  Tni«t«fca«  bj  a  imall  flj,  which  lettled  on  tu*  balance,  iuwbaer*ed  at 

An  object  heated  man;  dwKca  abme  the  temperatore  of  the  air,  cannot  be  arccozal 
weighed ;  for  it  ia  •oiroiuided  bj  aacending  cnrreata  of  air,  which  canae  ita  appai 
weight  to  TI17  eTei7  moment,  and  it  ii  Jtrj  likelr  to  heat  and  expand  imeqtulljr 
arms  of  the  beam  above.  Special  modes  of  weighing  IijrgTawopic  suljataiiciiB,  liqa 
powders,  gases,  Sec,  must  be  adopted  according  to  the  oatoie  of  the  caas ;  the  ch« 
mnst  geneially  depend  for  theae  on  his  own  ingennitj,  bnt  will  find  man;  Tain 
directions  in  Farada^s  Chemical  Usnipnlatioa,  section  IL,  also  ia  QrBriUe  Williai 
Cbemical  Hanipolation. 

If  we  bsTe  to  compare  the  wtu^ti  of  any  two  objects,  A  and  B,  which  an  bcli 
accompanied  hj  other  olyects,  X  and  Y,  uie  weights  of  the  latter  maj  b«  peifr 
eliminated  if  each  of  A  and  B  be  weighed  u  often  in  X  as  in  Y,  and  tlie  nwao  re 

We  will  make  the  following  sn^veetioDS  for  the  care  of  a  balance. 

1.  It  shoold  never  be  moved,  u  possible,  from  its  ^tpoinled  place;  for  this  wr 
not  oalj  dlotorh  its  adjustment  to  horiiontality,  bnt  the  swinging  and  shakioe  of 

?iiis  and  besjn  would  be  likelj  to  iigore  or  ilightlj  alter  the  condition  of  the  bala; 
he  oprratoi  too  will  never  weigh  so  well  as  in  a  pkcc^  and  with  a  li^t  to  vl 
he  is  uxustomed. 

2.  The  balance  should  not  be  cleaned  or  altered  oft«n  or  hiatilj.  A  good  dean 
once  eveiT  three  months,  for  instance,  is  enough,  if  the  balance  case  be  kept  < 
closed.  An  hour  or  somettmea  two  or  three,  ma;  welt  be  spent  ia  the  opna^ioi 
denning.  All  the  loose  purts  should  be  carefuJl;  token  out  and  dusted ;  the  bu 
ments  cleaned  and  fresh  oiled ;  the  suspensions  polislied  with  a  pioce  of  soft  leatl 
Then  all  the  paria  ore  to  be  pnt  together  sgain,  and  brought  to  etaborate  a4jaatn>i 
which  with  careful  usage  will  be  maintained  for  some  months. 

3.  The  chemist  should  be  perfect!;  aeqnainted  with  the  capadtj,  the  genr 
character,  and  also  the  particular  conditioD,  at  an;  moment,  of  each  of  his  balance 

1.  Before  ever;  weighing,  or  set  of  weighings,  he  should  bj  whether  the  noloa 
balance  is  in  perfect  equifibriuni;  if  not,  he  ma;  bmsh  the  pana  or  beam  wilJ 
camel's  hair  brush,  to  remove  dost,  or  if  be  dust  the  preponderating  side  onl;.  it ' 
often  Ketore  equilibrium.  He  should  not  touch  the  liule  rcfptlatiog  vane,  or  alt«- . 
part  of  the  balance,  without  being  satisfied  that  some  special  cause  for  it  has  arii 
The  one  great  essential  of  accurac;  is  perfect  nniformit;  in  ever;tbing  bnt  Ibe  th 
to  be  measured,  and  no  one  can  have  faith  in  a  measuring  iostrament  which  ia  alw 
changing. 

5.  It  u  almost  needless  to  aa;  that  a  balance,  especial];  one  with  st«el  bufc-ed) 
most  be  kept  bevond  reach  of  all  add  Ibmes  or  damp.  A  small  veasel  of  qoick  I 
or  chloride  of  csldnm  should  be  in  the  balance  case,  and  thia  should  be  kept  oomitai 

All  weighing  out  of  reagents,  where  u  grain  mora  or  leas  is  not  matorial,  ahu 
be  made  with  common  apothecaries'  acaies  on  the  laboraloiT  tables 

A  balance  should  be  placed  in  a  good  light,  fidling  if  poaaibU  aver  the  ri^t  shod 
of  the  operator.  Bnt  it  ma;  also  with  advanta^  be  nUeod  bricra  a  window,  provi 
that  a  pniple  silk  shade  be  used.  The  purple  light  thus  thrown  behind  the  balanc 
subdued,  agreeable,  and  complementai;  to  the  ;ellow  of  the  braoa.  Aa  a  geoeial  r 
the  object  to  be  weighed  should  always  be  placed  in  the  left  hand  pan,  w£ch  we  i 
Iii'nce  call  the  o^ect-pan.  The  other,  or  ih^M-jhm,  will  thns  be  oonvenientl;  cq>po 
the  right  hand.    In  assajring,  this  arrangement  is  leversad. 

The  number  ot  bslauces  required  in  a  chemical  laboratnij  ma;  vai;  from  me 
twent;,  or  more,  according  to  (he  size  and  purposes  of  the  Uboratorj.  Foe  the  a 
man  operation*  of  qnsntitatiTe  analveis,  the  chemical  balance  8rat  deaetibed 
alone  neceesair.  A  larger  balance  wiU,  however,  be  almost  indispensable  in  *al 
analjiMi.  and  in  man;  physico-chemical  investigHtions.  and  will  alwaya  be  . 
vantageoos  b;  allowing  tJie  use  of  large  evaporaliug  dishes  and  vcsaela.  iv 
weighing  of  ■  series  of  dicing  tubes,  or  other  spparatus  as  a  whole.  But  a 
is  not  complete  without  an  isea;  b^ance,  which  will  perform  all  light  w  ' 
an  accuracy  and  expedition  impossible  in  a  large  balance. 

When  the  emplo;ment  for  balances  is  veir  extensive,  it  will  be  beet  acconunodal 
Rot  so  much  b;  increasing  the  number  of  balancee  as  bv  t;la94ifying  them,  ai 
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t:\c\\  ttM  proper  work,  and  strictly  i^dhering  to  rules  once  laid  down.  Where  there  are 
t  «'o  balancee  of  the  eame  kind,  it  is  obrioasly  best  to  retain  one  for  the  more  refined 
I'urpoees,  and  make  the  other  perform  all  common  work,  and  two  balances  thns  nsed 
may  serve  better  than  half  a  dozen  indiscriminately  worked  and  spoiled. 

Mechanical  Theory  of  the  Balance, 

rniporly  to  understand  the  action  of  a  balance,  it  must  be  considered  both  statically 
and  dynumiailly,  that  is  to  say,  both  when  the  beam  is  at  rest  and  while  it  is  in 
motion ;  for  the  oscillations  of  a  good  balance  ate  almost  as  valuable  an  indication  as 
its  {losition  at  rest. 

First,  however,  to  show  the  conditions  of  equilibrium,  let  0  (Jig.  85)  be  the  central 
axiH  of  suspension  of  a  balance,  and  ££',  the  extreme  axes  of  suspension  not  neces- 
sarily in  the  same  straight  line  with  0.  Suppoee  equal  weights,  each  »  P',  to  act  at 
K  and  £*,  including  of  course  the 

whole  weight  of  the  burthen,  pans.  Fig,  85. 

and  other  objects  suspended  at  the 
extreme  axes.  Then  the  whole 
weight  2P*  may  be  conceived  as 
ai^ting  at  G',  the  middle  point  of 
the  line  E£'.  Assuming  the  axis  0 
tn  be  properly  placed  at  equal  dis- 
fMHcefl  from  E  and  E',  the  line  00* 
Mill  be  perpendicular  to  EE",  and 
the  weight  of  the  beam,  say  P,  will 
net  at  its  centre  of  gravity,  which 
ii.  or  should  be,  some  point  O,  on 
thlN  line  or  its  prolongation. 

Lastly,  let  some  small  additional 
V  ('if(ht  p  act  at  £.  The  beam  can 
not  now  remain  horizontal,  but  may 
li^ain  reat  in  equilibrium  in  some 
(Hvsition  inclined  at  an  angle,  say  9,  to  the  horiiontal  line  NIT.  Drawing  £  N,  E*  N', 
Tf  A,G'  B,  perpendicular  to  NN',  we  must  hare,  according  to  the  principle  of  the 
Irver,  the  sum  of  the  moments  of  the  forces  on  one  side  equal  to  that  on  the 
other,  or 

2P.0B  +  P.OA  -jp.ON  -p(BN-BO) 
Or,  substttnting  in  terms  of  6,  we  have 

2P'.00'.«na+  P.OG«»i«      -;>.G'E.co*a -p.OO'.stna 

«n  9  £_,  O'E 


tan  9  n 


co$9       (2P+|»)00'+  P.  00 


Now  for  small  Talues,  tan  9  varies  very  nearly  as  the  angle  of  deviation  9,  which  angle 
may  be  regarded  as  the  true  measure  of  the  sensibility  of  the  balance,  and  p  being 
quite  inconsiderable  comnnred  with  2P'  and  P,  we  may  say  that  the  sensibility  is  tn- 
crcascd  bv  increasing  the  length  of  the  beam,  diminishing  the  weights  of  the  beam  and 
iond,  or  diminishing  the  distances  of  G  and  G*  from  the  axis  0,  and  also  that  the  sensi^ 
hility  varies  very  nearly  in  the  direct  or  inverse  ratio  of  these  changes, 

Again,  the  force  tending  to  restore  the  beam  to  the  horizontal  position  when  dis- 
turbed is  sin  9  (2P' .  00'  -i-  P .  00).  This  is  the  measure  of  the  stalnlity  of  a  balance, 
a  certain  degree  of  which  is  required  to  render  a  balance  usefuL  Now  with  given 
wei;;ht8  P  and  P',  and  for  any  given  deviation  9,  the  force  of  stability  will  entirely 
depend  upon  the  positions  of  O  and  O',  and  the  following  are  the  cases  which  arise. 

1.  The  extreme  points  of  suspension  EE*  may  be  so  placed  that  O'  falls  above  0. 
The  stability  is  sin  « (P .  OO  -  2P' .  OO'),  which  for  a  certain  value  of  P'  will  be  nothing, 
no  that  the  whole  system  will  be  suspended  at  the  centre  of  ^vity,  and  the  beam 
boin^;  disturbed  will  have  no  tendency  to  return,  but  will  rest  in  neutral  equilibrium, 
indifferently  in  any  position.  . 

For  a  greater  value  of  P',  the  force  will  be  negative,  and  the  equilibrium  unstable, 
that  ia  to  say,  the  beam  when  loaded  beyond  a  certain  degree  will  ooerset,  and  per- 
manently sink  down  on  one  side  without  a  tendency  to  return,  even  when  the  weights 
on  the  two  sides  are  not  unequaL  A  balance  of  such  construction  then,  could  only  be 
used  for  weights  of  a  certain  smallness,  and  its  sensibility  would  increase  and  its 
Ftability  decrease  with  its  load. 

2.  If  O  fall  above  0  and  O'  below,  the  stability  is  sin  9  (2P'.  OO-P'.  0Q\  which 
will  be  nothing  for  a  certain  value  of  P',  and  negative  for  smaller  values.    The  balance 
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tben  vonU  b«  ttabU  only  wlien  P",  the  load  io  llie  puia,  ii  not  Um  than  a  eer 
nugnitode. 

3.  If  O  cmncdde  with  0  (OQ  -  0)  and  Q'  fiOI  ftboT*  0,  Ihs  balanca  ii  ^-mijt 
•table  and  naaloa. 

,.  If  aeoincide  wiUiO  and  Q'bll  below  O,  the  ■tabilityii2P'.00'.nii*,v 

EOF  beiiig  in  •  «n 

which  for  a  giren  imtiK  of 

In  a  balance  of  i 


dennda  entirelj'  upon  the  weight  |ilaeed  in  the  pans. 

6.  Now  let  Q'  coincide  with  0.  (00'  —  0)  the  thtee  pcnnl 
line,  bat  let  O&UbekiwO.  TheBlabili^ia«m«.P.OO,  wh 


elabilitjri 
Also  fax  f  —  ^Tm  which  depends  onlj  on  p. 
all  weighta  iaa,j  be  xigfaed  in^fteientlT  and  wUh 


an;  reqniied  degree  of  ieniibili^  maj  be 
rfOG. 


ndlSeientlT  and  wuh  equal  aecnncT, 
obtained  b;  dulj  regiuating  the  le 


6.  LetaaadO'eoindde;  theiiitii*.00(2F  +  P)  ia  the  n 
ia  piDpcntional  to  the  weight  to  be  mored.    Alao  tan  I  ^  f, 


eMDre  of  atebtlitr. 
P.GE 

(af  +  p  +  pfOQ 

inranely  aa  the  total  weight  moTpd. 

In  an;  cue  of  itibte  cqnilibriiun,  it  will  be  eaa;  to  deteimine  the  poaitioa  ni 
centn  of  grant;  (m;  y)  of  the  ntobijwtoafnm  the  Ibrmala  Og  »  ^ip — « 
b;  obaarviog  the  deriation  fbr  aevenl  ralaee  of  v.  and  tat  a  given  load  P'  in  the  i 
A  different  ralne  will  be  found  for  Off  for  each  differant  valoe  of  P*,  noleaa  the  baJ 
be  con>tnict«d  in  the  eixth  mode  deeCTibed  abore.  In  a  eenaitiTe  balanoe  O;, 
probabl;  not  exceed  Tnini  V*^  "^  ■Q  inch. 

We  nu;  now  oonsiXa' the  bnUnee  in  thp  eharadarof  aoompoond  pendnlmii,  M 
ing  for  thu  porpoae  the  flflh  mode  of  oonstroctian  abore  deaoibed.  Thna  if  O 
centre  of  grsvit;  of  the  beam  (Jiff.  80),  be  rerticall;  osdet  0,  and  the  wei^ila  ii 


JVM. 

J. 

r7« 

if 

p 

K 

/ 

pani  be  eqnal,  the  ^item  will  be  at  real  But  now  luppoM  •  imall  additional  vt 
p  added  at  E :  the  eentra  of  gtan^  ia  no  longer  at  G  bat  aa;  at  ff,  ataier  lo  E  ' 
diataucc  (O^),  each  that 


eall;  nndcr  0,  the  beam  canno 
liar  line  OQ,  «nd  the  point  C  of 
anbtODdiDg  the  angle  2*. 
e  beam  ia  greatest,  of  coon^  w 
beioR  [nopoitional,  aa  prand  in  the  theor;  of  djnanuce,  to  tJ 
near^  proportional  to  p.    Hence  when  the  deriation  u  email,  lltt  gi 
tht  htam  attamt  nuu/  he  obtenrd  at  an  indiattion  of  p. 


Bitot  g  if  not  vertieall;  nndcr  O,  the  beam  cannot  remain  at  rest,  bnt  will  lil 
abont  the  peipendienlar  line  OQ,  «nd  the  point  C  of  the  index  fixed  to  the  beam 
describe  the  are  CC,  snbteDdiDg  the  angle  2*. 

The  veloeit;  of  the  beam  ia  peatest,  of  eoon^  when  g  ia  Tertdeall;  nndcr  O, 


Full;  to  imdeKitand  tbe  motions  of  a  beam,  it  wonid  be  necessary  to  detarmin 
Momenf  of  inertia  rotatd  Uu  «if,  which  ia  the  sum  of  the  momenta  of  each  pari 
Ihe  moment  of  inertia  beug  the  irunn  of  ■  particle  mnltipUed  b;  the  aijnare  a 
distance  from  the  axis.  The  rdoeit;  of  the  beam  dcpeniu  on  the  proportioD  of 
force  of  stabilit;  or  the  forw  of  disturbance,  and  the  moment  of  inertia,  whid  i( 
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to  OTeroome.  Henee  the  force  of  stabilitj  alone  gives  a  rery  imperfect  idea  of  the 
motion  of  the  beam,  which  will  be  slower  the  greater  the  weight  in  the  pane,  eape- 
tvd\y  if  the  ibrre  of  stabilitj  itself  be  not  increased,  as  in  the  sixth  case,  by  increasing 
the  weight  in  the  pans. 

The  mechanical  problem  of  £he  baUnce  is  not  so  simple  as  may  at  first  sight  ap- 
pear, and  has  not,  so  far  as  we  are  aware,  been  properly  considered  dynamically.  The 
problem  of  the  compound  pendnlnm,  will  be  fonnd  best  treated  by  Poisson  (Traite 
de  M^haniqne,  t  ii  c.  l  {  3).  Enler,  in  the  Petersburg  Commentaries  (z.  3),  appears 
to  have  shown  the  statical  conditions  of  a  balance. 

It  will  be  apparent  that,  the  length  of  the  beam  remaining  constant,  the  properties 
of  statical  sensibilitr^  and  stability  are  reciprocal  to  each  other.  By  increasing  the 
length  of  the  beam,  mdeed,  the  balance  is  said  to  be  rendered  both  more  sensible  and 
stable.  Bfit  in  reality  the  weight  of  the  beam  must  be  increased  in  a  far  greater  pro- 
portion than  its  length,  so  that  its  motions  will  become  much  slower,  to  say  nothing 
of  the  leas  conyenience  of  a  large  instmment. 

The  constmetion  in  which  the  three  axes  are  in  one  straight  line,  is  undoubtedly  the 
most  perfect^  and  is  especially  suitable  if  the  yibrations  are  to  be  used,  as  afterwards 
dcecnbcd,  for  the  determination  of  fractional  weights.  But  a  balance  in  which  the 
centre  axis  is  slightly  above  the  line  of  the  extreme  axes,  will  not  become  so  much 
slower  in  its  movements  when  heavily  laden,  and  will  yet  indicate  at  least  as  small  a 
fraction  of  its  load  when  this  is  great,  as  when  smalL  Hence  such  a  balance  will,  we 
think,  be  suitable  for  most  purposes.  It  is  necessary  however  to  bear  in  mind,  that 
when  the  three  points  of  suspension  are  not  in  one  straight  line,  equilibrium  may 
subsist  when  the  beam  is  not  horizontal,  and  the  weights  in  the  pans  are  unequal.  For 
when  the  angle  EON  is  greater  than  the  angle  KON',  ON  and  ON*  are  unequal,  and 
we  may  have  equilibrium  ror  P' .  ON  a  P* .  ON*,  where  P'  and  P"  are  unequal  weights 
in  the  pans. 

The  truth  is,  that  a  balance  must  be  so  adjusted  in  its  length,  strength,  weight, 
and  relative  position  of  the  centres  of  suspension  and  gravity,  as  to  combine  the  exact 
degrees  of  sensibility,  stability,  or  quickness,  and  capacity  for  bearing  weights,  which 
its  spmal  employment  requires.  In  this  a<^'ustment,  the  chief  skill  of  the  balance 
maker  consists.  Diminution  of  weight  of  the  beam  is  an  unqualified  advantage,  as  long 
as  the  stren^  is  sufficient.  Thus  the  employment  of  aluminium  in  the  cons&uction  of 
balances,  will  be  of  great  advantage  when  accomplished ;  but  an  aluminium  beam, 
which  we  have  seen,  was  stated  not  to  be  trustworthy  in  point  of  strength  and  in- 
flexibility. 

The  impediment  to  the  free  motion  of  a  beam,  is  usually  stated  vaonely  to  be  the 
friction  at  the  knife  edces.  But  although  frictaon  or  adhesion  may  be  of  some  im- 
portance, the  variation  in  the  length  of  the  arms  has  really  a  much  greater  effect. 
Thus,  suppose,  as  is  generally  the  case,  that  the  knife-edges,  instead  of  Ming  perfectly 
sharp  or  round,  terminate  in  veiy  narrow  planes  {^fig,  %1\  of  the  width  ».    If  the 
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distances  between  the  middle  points  of  the  knife  ed^es  be  a,  the  real  lengths  of  the  two 
arms  of  the  lever  when  the  beam  is  not  horizontal,  will  be  a— jr,  and  a  +  x,  consequently 
weights  which  have  the  ratio  of  a  +  x,  and  a— x,  may  be  apparently  in  equilibrium. 
In  order  then  that  a  balance  with  a  20-inch  beam  may  indicate  the  millionth  part  of 


its  load,  we  must  at  the  most  have 


1,000,000 


a  —  x 


or  X  ■• 


10 


inch;  within^ 


1,000,001       a  +  X  2,000,001 

the  same  length  too,  the  two  arms  of  the  beam  must  be  a^'usted  to  equality  if  the 
balance  is  to  be  accurate  within  one  millionth  part  of  its  load.  Now  this  len^h, 
being  inappreciable  in  a  common  microscope,  will  give  some  idea  of  the  skill  required 
in  a  balance-maker.  We  are  thus  prepared  too  for  the  statement  of  Prof.  Miller 
(see  reference  below),  that  he  not  only  detected  a  difference  in  the  expansion  of  the  arms 
of  his  balance  by  a  change  of  temperature,  owing  to  some  difference  in  the  quality  of  the 
metal,  but  that  temperature  also  affected  the  sensibility  of  the  instrument,  which 
resembled  an  over-compcnsatcd  pendidum^  from  the  difference  of  expansion  of  the  steel 
knife  edge  and  the  brass  in  which  it  was  fixed. 
The  resistance  of  the  air  has  but  an  inconsiderable  efi^  upon  a  balance. 
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EliwhxtioN  of  EBBOBS.—  SJDce  every  baknco  however  good,  niqnijw  Kiwi, 
ncigbt  to  eanae  it  to  turn,  &  difieronee  of  this  amoiuit  in»  eziit  betWMD  in; 
weigbls  which  are  appurcntj;  in  eqnilibrinm.  Thai  if  a  hauaoe  when  imiied  i 
to  turn  with  uiything  less  than  ^  of  a  gmin,  it  is  &□  ercu  etanet,  that  tvo  (i 
vbich  do  not  csuiie  the  balance  to  more,  diff^  by  ^  of  a  gniii  or  mort,  ] 
common  use  of  a  balance,  the  tuming-weieht  (lerupu^tm  in  Latin),  will  ^i 
limit,  of  accuracy  uf  the  weighings.  JjEt  this  turning- weight  be  Ax;  then  the  In 
will  turn  wheo  the  weight*  z  +  At  and  z  are  in  the  pons.  It  will  also  preUlh 
in  the  oppoaite  direction  when  jr— Ax  is  nilistituted  for  x  ■>■  &x,  becanse  the  b> 
unless  a  yerj  bad  one,  wilt  tuin  as  easil;  one  way  as  tha  other.  Thni  the  nu 
a  *  &x  aod  x—&i,  will  be  the  true  weight,  required,  nearij  freed  from  the  emr 
•eosibilitv.  This  operation  may  be  reiortfd  to  when  a  b>ilinc«  has  become  iasemil 
age  but  IS  otherwise  good,  aiid  may  be  yery  easily  performed  by  the  nse  of  ■ 
weight.  Bnt  the  deUcacy  of  balances  is  generally  ahead  of  what  is  requind  of 
Any  good  balance  ihould  veigK  with  certainty  to  the  jfj^g/j  part  of  i(e  loorj 
then  are  ai  jet  few  chemical  t^iecatiODS  which   can  preteod  U)  an  aaain 

^The  only  other  kind  of  error  to  which  the  detominatiooa  of  a  balance  an  esaei 
liuble,  is  that  caused  hy  the  iaei]UiiUty  of  the  armi :  for  the  extreme  edge*  caii 
be  adjnsted  at  perfectly  eqtul  distancea  from  the  centre  ed)^.  This  error  is  i< 
entirely  and  without  trouble,  in  the  ordinary  operations  of  th?  chemiiA,  by  taklsi 
daring  each  analysis  or  series  of  experiments,  to  use,  euy  the  leA  pjtn  uTsrii) 
tlie  objects  to  be  weighed,  and  the  right  pan  for  the  weights.  The  ii{^iartDt  * 
of  all  the  objects  are  thus  increased  or  diminished  in  precisely  the  aame  tatii 
the  comparative  resolts  are  therefore  unaffbcted  by  the  real  falsity  of  the  IttlaiXN 

Thos  if  a  be  the  length  of  the  arm  bearing  the  weight-pan,  and  b  the  length  ( 
bearing  the  object-pan,  then  objects  of  the  Ime  weights,  i,  y,  r,  tee.  wiSt^ 
weigh  — J,  —I/,  — c,  but  the  ratios-  i  :  —  y  :  -  r  are  toe  same  as  i :  y  :  r,  toe 
of  the  true  weights.  That  this  elimination  of  error  may  be  perfect,  it  is  obr 
necesaai7  that  no  weights  be  placed  in  the  objccl-pan,  as  Li  soRietiniM  doa^  t 
purpose  of  making  up  a  ^ren  weight  ia  tlie  ciuiipst  manner  by  subtractiat. 

There  are,  however,  two  well  known  methods  for  obuioing  the  true  ahaolnte' 
of  an  object,  even  by  a  &lse  balance.  The  Brst,  introduced  by  Gansi,  pron 
simply  weighing  the  object  alternately  in  odb  pan  and  the  other.  If  tbe  ap 
weights  aro  the  Bsme.  they  arc  each  the  troe  weight,  or  the  balance  is  appn 
correct.  If  not,  the  geometric  moan  is  the  correct  weight,  and  is  (band  hj  molti 
the  true  apparent  weights  Uigether,  and  taking  their  bqtuni  root  For  if  th 
weight  be  z,  and  a,  £  be  the  lengths  of  the  balance  arDu  as  before,  -,  x,  and  - 


If  the 


be  the  apparent  weights  in  the  respective  pans,  aod  x  —  ^/j . 

rrut  weights  be  veiy  neariy  equal,  their  common  arithmetic  mean  all'  '*'  ~ 

quite  close  enough  to  the  truth.  Thus  the  arithmetic  mean  of  1-000  aad  l 
1-OOOS,  and  the  geometric  mean  10004998  ...    . 

The  second  method  for  ascertaining  absolute  weights  free  from  all  error,  i 
known  as  the  vteliod  of  tub4UtiUi<m,  ascribed  by  French  writen  to  Boida,  lit 
bably  due  to  tho  P^  Amiot.  If  there  be  one  weight  C  in  the  weight-pan.  and 
weighti  X,  y,  Z,  tee.  he  ia  succession  placed  in  the  object-pan,  and  the  balann 

always  in  equilibrism,  it  is  evident  that  X^Y~Z'-—  C,  Thus  we  pm 
].cTfoit  equality  of  X,  Y,  Z,  although  each  of  these  may  differ  In  an  unknown  i 
from  a,  owing  to  the  inequality  of  h  and  a,  thelcncths  of  the  balanee-anns. 

To  compare  the  weights  of  any  two  objects  by  this  method,  counterpoise  the  f 
with  the  weight  C,  made  up  of  shot,  tin-foif,  wire,  or  any  convenient  subt 
Then  substitute  the  second  object  for  the  first,  and  obewre  how  many  smill  • 
must  be  added  to  the  pan  to  restore  equilibrium  with  C.  Tho  only  erpoia  *hii 
nffert  Buph  a  result  will  be  that  of  insensibility,  and  any  error  whieh  may  arijw 
a  minute  chani;p  of  the  edges  of  suspension  during  the  substitution  ;  but  thue 
m:\j  be  eliminated  by  taking  the  mean  result  of  many  such  operations,  a  osw  en 
poise  being  adjusted  each  time. 

But  when  important  weighings  have  tc  be  made  with  the  most  rigorooa  acmri 
in  the  compariaon  of  standard  weights,  the  method  of  vibration*  must  be  nwirl 
This  lieing  a  process  of  pure  obsra-vation,  as  distingnisbed  from  One  of  adjutt 
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nature  of  the  pendulum  already  considered,  the  excursions  will  be  as  far 
on  the  other.     In  this  expression,  R'  and  K'  are  doubled,  because  they 


admits  of  imlimiced  approach  to  absolute  exactness,  just  as  the  difference  of  two 
ftandard  JAids  mar  be  asoerUined  to  the  ^sissis  V*^  ^^  "^  ^°^*  ^^^y^^  ^^  would 
be  imposaUile  to  make  two  yards  agree  withii^ten  tunes  that  quantity. 

The  paper  b^  Prof.  W.  H.  Miller,  on  the  Construction  of  the  New  Imperial  Standanl 
Pound  (Phil.  Tran^  cxlvi.  (1866)  p.  763),  should  be  studied  by  all  cngxiged  in  exact  de- 
terminations of  weights,  but  a  more  explicit  aooouiit  of  the  method  of  Tibrations  will 
}h*  found  in  Knpffer's  work,  "Travaux  de  la  Commission  pour  fixer  los  Poids  et 
31«^ures  de  Rossie,"  St  Petersburg,  1841.  Prof.  Miller's  mode  of  obsenring  the  os- 
cill;itioos  i^pean  to  be  the  most  eligible.  His  balance  had  a  reiy  light  ivory  scale, 
alioat  half  an  inch  lou^  diyided  into  spaces  of  about  yj^  inch,  attached  to  the  right 
end  of  the  beam.  This  scale,  as  it  moyed,  was  viewed  through  a  fixed  compound 
nnVrosoope,  having  a  single  horizontal  wire  in  the  focus  of  the  eye-piece.  A  still  more 
lielic-utc  mode  of  observation,  is  by  a  small  mirror  fixed  to  the  beam,  in  which  the 
reflection  of  a  divided  scale  is  viewed  through  a  fixed  telescope^  as  in  the  instruments 
of  a  magnetical  observatory. 

The  weighta  to  be  compared  being  yeiy  nearly  in  eouilibrium,  the  balance  when 
n> leased  oscillates  slowly  through  a  very  small  arc,  and  the  extreme  points  of  each 
fxcur«ion  are  to  be  observed.    Supposing  the  readings  thus  observed  to  be  R',  R',  R*,  R*. 

Then  2 is  the  position  of  equilibnum  of  the  beam :  for,  by  the 

far  on  one  side  as 

are  the  end  of 

one  half  vibration  and  tke  beginning  of  another.    Prof.  Miller  usually  rejected  the 

first  reading  because  it  is  apt  to  exhibit  slight  irregularities,  and  his  resmt  was  derived 

R'  4-  2R*  •♦-  R* 
from .    This  observation  completed,  a  small  known  weight  is  added  to 

the  lighter  of  the  weights  compared,  and  the  new  position  of  equilibrium  which  the 
hoju  tends  to  take  up,  is  observed  by  a  new  set  of  readings.  Now  the  deviation  from 
the  horizontal  position  in  a  good  babmce  being  very  nearly  proportional  to  the  weight 
causing  it,  we  obviously  learn  from  the  angular  difference  of  the  two  positions  of  the 
(»t>an,  the  deviation  corresponding  to  a  given  small  weight.  Hence  we  learn  Ify 
tlie  simplest  calculation  the  difference  of  weight  corresponding  to  the  deviation  in  the 
liret  obeerration. 

The  method  of  weighing  by  reversal  was  found  more  convenient  by  Prof.  Miller, 
than  that  by  substitution,  and  was  thus  practised. 

The  neiirly  equal  weights  P  and  Q  to  be  compared,  were  weighed  directly  asainst 
each  other,  but  repeatedly  reversed,  and  the  balance  was  so  a^)^^  ^7  ^  small  con- 
Mt^uit  weight  placed  in  one  of  the  pans  or  on  the  beam,  that  on  interchanging  P  and  Q, 
thf  position  of  equilibrium  was  still  near  the  middle  of  Uie  scale.  Then  if  (P,  Q)  be 
t]ie  readinff  of  the  scale  in  the  position  of  equilibrium  when  P  is  in  the  left  hand  pan, 
un<l  Q  in^e  right  hand  pan,  and  (Q,  P)  the  reading  when  Q  is  in  the  left  hand  pan, 
and  P  in  the  right  hand  pan ;  then  2Q  <*  2P  +  m  ((P,  Q)  -  (Q,  P)),  where  m  is  the 
Wright  equivalent  to  one  degree  of  deviation  on  the  scale. 

In  the  determination  of  the  equivalents  of  the  elements,  and  in  many  physico- 
chemical  determinations,  it  is  to  be  hoped  that  chemists  will  soon  have  to  tax  to  the 
utmost  these  refined  methods  of  weighing. 

On  the  balance  generally,  the  reader  may  further  consult  Biot,  Traits  de  Physique, 
i.  9:  Pouillet,  £1.  de  Phys.  i.  66;  Ann.  de  Chim.  xxxvi  3;  Jury  Reports  on  the 
KxJiibition  of  1851,  pp.  267 — 262;  PhiL  Trans,  cxvi.  pt.  2,  p.  36.  For  a  description 
of  Napier's  "Automaton-balance"  for  weighing  coin,  see  Ure^t  Dictionary  of  Arte^ 
Mttnujacturea  and  Mines,  i.  246.  W.  S.  J. 

or 


r«MldIiih-white  to  pale  red. 


A  variety  of  spinelle^  rarying  in  colour  from 

A  variety  of  iron  pyrites^  found  in  Asturia  and  Qallicia, 
Kpfcific  gravity  476  to  4*90. 

Receivers  andfiasks  of  spherical  form  are  sometimes  called  balloons. 

This  term,  originally  confined  to  a  single  substance,  viz.  Balm  of 
^  ilt-ad,  Mecca  BiUsam,  or  Balsam  of  Jndea,  is  now  extended  to  a  variety  of  products, 
lion*  or  less  resembling  that  body,  but  exhibiting  considerable  diversity  of  composition 
It  1(1  properties.  They  are  viscid,  aromatic  liquids,  which  exude  from  givwing  plants, 
lit  her  spontaneously,  or  from  incisions  made  for  the  purpose. 

Balaams  are  mixtures  of  resins  with  volatile  oils,  the  resins  being  produced  from  the 
•ifK  by  oxidation,  so  that  a  balsam  may  be  regarded  as  an  intermediate  product  bt>* 
ween  a  Tolatile  oil  and  a  perfect  resin.  They  may  be  divided  into  two  groups,  the 
ue  including  those  of  purely  oleo-rcsinous  character,  viz.  Copaiba  balsam,  Mecca  bai» 
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i9S  BALf^AMS. 

Mm,  and  the  baljanu  or  turjKnlitu 

JDg  thoae  which  contain  cinnanuc  acid,  mEh  a 

aiH/iar,  and  Slona,     Beiuain  and  Dngm't-blood  uv  sometinea  abo  diMxd  at 

balaami ;  but  tliey  are  more  properi;  ruiiu ;  the  trac  bnlraraa  tre  liquids  mmt  m 

viacid,  and  yield  Tolatile  oila  bj  diatillation  with  waWr.     The  halsama  oT  the  H 

fijoup  yield  by  diy  diitillation,  dnnamate  or  benzoate  of  ethjl  or  metbjl,  and  ae 

ins  to  Scharlin;^  theae  pndncts,  or  prtbapa  othcii  not  pierltnulj  ■■'■■*™g  ii 

b^ami,  may  be  formed  &om  them  bj  the  («lioa  of  aqiuoaa  alkaliae  Iqra. 

Battamt  of  the  Ftnl  GnTvp.-  OUo-retitu. 

CUIADA  SklAiM  or  CVhADUH  TuBFEXTIKa,  foiwu  (ju  Ctexoijd,  13  the  pmdi 

jlMff  Ixiitamta  (Dec),  a  coniferona  tne  growiiw  in  Canada,  Virginia,  aod  Can 
It  collect!  Id  Tceida  under  the  bark,  and  ii  obtained  tij  making  iacudoiia  ii 
■tem.  It  is  either  eoIourlMS  or  slightly  veDowiah,  rather  mobile,  but  Iciuctoai 
ci^blfl  of  being  drawn  into  threads,  turbid  wfaen  freeb,  but  aoan  beMmea  per 
traiiaparent  when  left  at  rcet.  It  torna  the  plane  of  polariution  of  a  huniDoiia  i 
the  nght,  and  baa  an  indri  of  rr^ction  equal  to  VSZl.  Il  dries  up  to  a  hard  n 
when  rxpoaed  in  thin  layen  to  Ihe  air  for  aboat  forty-eight  houn^  and  graf 
thickens,  even  in  ckiaed  Tesacls.  Ila  power  of  banlening,  ita  tranqnroncy,  at 
peculiar  reftvctiTC  power,  which  is  neulj  the  aame  as  tliat  of  crown  glaaa,  re 
It  very  uaeful  as  a  cemrot  in  the  construction  of  optical  insTramenta.  lu  soisp 
tries  it  is  used  aa  a  medidoe ;  when  taken  internal)  j,  it  import*  a  outineg  odmir  i 

Canada  balsam  distilled  with  water,  yields  a  ralstile  oil,  of  faalaamie  odcmr.  ■ 
ing  in  compoaition  with  oil  of  turpentine  {Wirien),  and  like  that  oil.  tomin 
plane  of  polarisstion  to  the  left  (Biot);  it  aLw  leatea  a  resinons  cakc^  farittleaftn 
ing,  and  consisting  of  a  miitore  of  seiersl  snbstaiicea.  The  balsam  ia  partially  ■> 
in  alcohol,  a  gmoular  resin  remaining  undissolved. 

Canada  balsam  contains,  according  to  Bonsstre  (J. Pharm.  viiL  672  [1822]! 
]>er  cent,  volatile  oil,  400  resins  easily  soluble  in  alrobol,  88'0  reaa  •panngtr  a 
in  alcobol,  together  with  6'i  niontcliauc  and  bilter  extractiTe  matim  aolobl*  m  ' 
The  sparingly  soluble  resin  is  described  as  dry,  trisble,  hFayJerthan  water,  diSc 
melt^  and  becoming  electrical  by  friction.  According  (o  Caillot  (J.  Phanu.  xr 
[ISSUp.  the  bslsum  conUina  two  neutral  resins,  oue  called  ahuUn  (sec  p.  1). 
crystallisable  and  easily  soluble  in  alcohol  oro-824,  the  other  white,  piUrorvlent. 
OBt  crystalline  form.  Tcrr  little  soluble  in  alcohol  of  0'824,  or  in  rock  oil,  or  p> 
ley.  and  closely  resembling  the  sparingly  soluble  resin  obtajned  fnm  other  spec 
abies ;  also  hu  acid  resin,  which  forms  a  coherent  paste  when  miied  wil^  ^ 
weight  of  magnesia,  andimpurts  toCsoadabalsHm  the  property  of  forming  a  whili 
with  potash.  According  to  Win  en  (i>e  balsamia  it  praKttim  de  haltatao  Com 
Diurrlatio,  HelsincforscK.  1819),  Canada  bsltuim  cMntains  IS  per  cent,  of  ti 
oiL  30  pla.  of  a  resin  a.  soluble  in  boiling  aloofaol  of  O'SSS,  and  containing  C** 
(78-31  per  cent  C  and  1008  H),  33  pts.  of  another  rrain  B,  insoluble  in  hat  al 
but  soluble  in  ether,  and  containing  CIP'O';  and.  lastly.  20  pts.  of  a  reain 
Miluble  in  alcohol  and  ether.     Winen's  b  resin  is  probably  a  mixtore  of  alaMii 

A  balsam  exactly  resembling  the  preceding,  excepting  that  it  has  a  daArr  c 
i>  obtained  from  AiUi  canaiiaiiit  (Link).  Canada  balaam  is  distinguished  fn 
iitber  Tarietiea  of  turpentine  by  its  peculiar  odonr,  its  perfect  tnuin>a>rooc7  and 
lity,  and  the  facility  witli  which  it  hardens  when  exposed  to  the  air.  Stra 
tnr^tine,  from  Jbiei  pfctinata,  which  Teiy  mucb  resembles  it,  is  distinguished 

optical  hBTO-rotatoiy  power;Bnd  Venice  tuipentir- " '  — '   ' —  '" 

and  complete  solubility  in  alcohol  of  ordinary  si 
ciklcincd  mngnesia. 

The  other  balsams,  or  torpentinea,  derixed  from  cooifcroua  plants,  will  be  deacnl 
the  article  Thsfe^ttims. 

CktriiBX  or  CoFAira  Baiaui.  Baitamttm  Cbpm'nv,  Baunit  4*  Copaii.  — 
balsam  is  produced  b^  soTeral  specie*  of  Copatftra  (order  Cssa/ptiuw),  paiticalai 
Orpaifera  hijvgoL,  Willd.,  C.  ma/lijuga,  Hayne,  C.  Swmauu,  C  LanfftJorJii,  a 
Jacquini,  Dcsf.  which  are  indigenooa  in  Bratil,  Pern,  Hexieo,  and  the  Antillea. 
obtained  by  making  indsioos  or  perfbrations  in  the  trees  during  rainy  wsathei 
flows  so  abundantly  that  a  single  incision  often  yields  12  pounds  of  the  >— '— " 

Copaiba  balsam  consists  of  soTeral  resins  dissolved  in  a  Tolatile  oil,  the  amoan 
nature  of  the  resins  Tvying  considerably  in  balsam  from  different  suuReH.  Thei 
three  principal  Tarieties,  the  Bruiliaa,  the  AnliUian  and  the  Cotumbiaa. 

Brazilian  copaiba  is  light  yellow,  generally  tnuwiiarent,  of  rarioti*  ixpw  d 
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friKftfBce,  from  nuiliUe  to  sjrra^^y,  and  of  specific  gnirity  rangixic  from  0*920  to  0-986. 
It  has  speculuu*,  aromatiCf  duuigrecable  odour,  and  a  peniitent^  bitter  and  initatiiii^ 
taste.  By  exposure  to  the  air,  it  becomes  darker  in  colour,  of  the  eonaistenoe  of  tur- 
pentine, hoarier  than  water,  and  ultimately  solid  and  inodorous.  When  heated  in 
contact  with  the  air,  it  takes  fire  and  bums  with  a  bright,  but  rexy  smoky  flame.  The 
balsam  from  the  Antilles  differs  from  the  Brazilian  bv  its  more  Tisda  consistenet*, 
darker  colour,  imperfect  transparency,  and  turpentine-like  odour.  Columbian  copaiba 
is  diatincuished  by  its  turbidity,  arising  from  suspended  particles  of  resin,  which  aro 
de^itel  as  a  crystalline  crust  when  the  balsam  is  left  at  rest. 

The  chemical  examinations  hitherto  made  of  copaiba  balsam  relate  chiefly  to  the 
BcBxilian,  of  which  two  varieties  are  distinguished. 

J.  Copaiba  baisam  chiefy  eonUumn^  acid  resins,  —  This  variety,  which  was  for* 
loerly  the  only  one  known,  is  distinguished  by  the  following  characters :  — It  is  inso- 
luble in  tootfer,  but  imparts  to  the  water  its  taste  and  smeU.    It  dissolves  in  all  pro- 
portions in  abaoiuU  alcohol,  in  ether,  and  in  oils,  both  fixed  and  vdatile ;  the  alcoholic 
solution,  however,  is  often  rendered  turbid  by  the  separation  oi  resinous  fiakes. 
Alcohol  of  90  per  cent  dissolves  a  large  qusnti^  of  it ;  alcohol  of  80  per  cent,  only 
y\;  to  ^  of  its  own  weight    Mixed  wiSi  an  equal  weight  of  fixed  oil,  it  dissolves  in 
2  nts.  of  90  par  cent  alcohol,  the  fixed  oil  separating  only  on  the  addition  of  a  con- 
indeirable  quantity  of  alcohol    It  absorbs  chlcrins  gas,  becoming  turbid  at  the  same 
time,  from  formation  of  hydrochloric  add.    With  strong  sulphurie  acid,  it  assumes  a 
rod  cokMur  and  viscid  consistence,  with  evolution  of  sulphurous  anhydride,  and  an 
odour  of  oil  of  amber.    Strong  nitric  acid  acts  upon  it  with  violence ;  dilute  nitric 
acid  mora  quietly,  forming  a  hard  yellow  resin,  which  dissolves  partially  in  the  acid, 
and  a  yellow  bitter  substance  insoluble  in  water  and  in  alcohol    J^istilled  with  2  or  3 
per  cent  of  its  weight  of  strong  sulphurie  acid  or  with  hypochlorite  of  calcium,  it  yields 
a  volatile  oil  of  fine  blue  colour  (Lowe,  Pharm.  J.  Trans,  xiv.  66) ;  Uie  same  oil  is  said 
to  be  produced  by  the  action  of  acid  chromate  of  potassium.    Three  pts.  of  the  balnam 
mixed  with  1  pt  of  potash-leg  containing  |  pt  of  hydrate  of  potassium,  yield  a  clear 
liquid,  which  does  not  lose  its  transparency  when  mixed  with  alcohol  or  with  a  small 
quantity  of  water,  but  becomes  milky  on  addition  of  a  Isree  quantity  of  water.    A 
Itu^r  quantity  of  caustic  potash-ley  added  to  the  clear  liquid,  throws  to  the  surface  a 
transparent  copaiba-soap,  which  forms  a  turbid  solution  with  a  large  quantity  of 
water,  or  with  absolute  alcohol,  but  dissolves  completely  in  ether  or  in  hydrated 
alcohol     When  an  alcoholic  solution  of  the  balsam  is  mixed  with  dilute  potash  or  soda- 
ley,  a  volatile  oil  rises  to  the  surface,  while  the  resulting  compound  of  resin  and  alkali 
remains  dissolved  in  the  hydrated  alcohol    This  process  may  be  used  for  the  prepara- 
tion of  the  volatile  oil.    Five  pts.  of  the  balsam  form  with  2  pts.  of  aqueous  amnumia 
of  specific  gravity  0*921,  a  clear  mixture,  from  which  a  larger  quantity  of  ammonia 
»<>ltamt^8  u  soapy  compound.    A  mixture  of  9  pts.  of  the  balsam  and  2  pts.  aqueous 
ammonin  well  shaken  up  and  left  at  rest  at  +  IQP  C,  gradually  yields  a  crystalline 
deposit,  consisting  of  the  resinous  acid  of  the  balsam.    The  balsam  likewise  combines 
readily  with  magnesia.    It  dissolves  completely  ^  of  its  weight  of  calcined  magnesia, 
and  wheo  mixed  with  ^  of  its  weight  of  that  substance,  thickens  to  a  stiff  paste  in  the 
course  of  a  few  days;  with  }  in  a  few  hours.    Similarly  with  pdck  lime.    Carbonate 
of  nagnesium  likewise  forms  with  4  pts.  of  the  pure  balsam  at  mean  temperatures 
( I5<'  C.  or  60^  F.),  a  clear  viscid  solution. 

The  balsam  distilled  with  ujater  yields  a  volatile  mobile  oil,  C*H*,  possessing  in  a 
hiirb  degree  the  peculiar  odour  of  the  balsam,  and  forming  a  crystalline  compound 
\%-ith  hydrochloric  add  (see  Copaiba  On.),  while  in  the  retort  there  remains  a  maxs 
t»f  l«rittle  resin,  which  is  resolved  by  treatment  with  rock-oil,  into  a  crystallisable  por- 
tic»B  soluble  in  that  liquid  (the  a  resin  of  Beneelius),  and  an  insoluble  unctuous  sub- 
t^tiLnee  {0  resin  of  Berzelins).  The  crystsllisable  resin  has  the  formula  C*H'*0',  and 
from  its  property  of  reddenixig  litmus  and  uniting  readily  with  acids,  is  called  copaivic 
tn-iiL  The  crystalline  deposit  which  separates  from  the  turbid  balsam,  is,  accordmg  to 
F<'liiiDg*s  investigation,  a  resinous  acid  containing  C*H"0'.  It  is  to  these  two 
roAins  that  the  peculiar  reactions  of  the  balsam  with  bases  are  due.  The  soft  resin 
iM,  perhaps,  formed  by  oxidation  of  the  volatile  oil  in  the  air,  and  appears  to  have  but 
i  xcry  Blight  afOinity  for  buses,  inssmuch  as  when  isolated  it  dissolves  but  slowly,  and 
«nly,  with  the  aid  of  heat,  in  potash  and  ammonia,  forming  a  turbid  solution.  (See 
JoPAiBA  Rbsins.) 

Hesides  these  essential  constituents,  the  balsam  likewise  contains  occasionally  a 
niull  quantity  of  water,  and,  according  to  Durand,  small  quantities  of  extmctive 
iLatter,  acetic  acid  (perhaps  also  succinic  add),  and  a  fatty  substance,  which  re- 
riaioa  l)ehind  when  the  balsam  is  dissolved  in  alcohol  of  spedfic  gravity  0*842 ;  also 
r;ice«  of  chloride  of  caldum.    The  following  are  analyses  of  this  variety  of  copaiba 
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VolMU«oiI        .        .    SS'OO  iBO  41-0  31-97 

Alpha-nun  .    S2-7S  630  51-38  S3-6S 

BeU-noD  l'6e  1-)  218  Ills 

Wiiter  md  loM .        .      763  SA*  410 

100-00  lOO-O  100-00  10040 

II,  Cupaiba  Sattam,  amiaiiutig  anlt/  luutrat  rttiiu,  Pakaoopaou  Hmm.— 
nuiety,  wliicli  ii  of  reeeat  mtrodaction.  u  dutinguUhed  &om  Ihs  fbnnra  bj  iti 
grrater  mobility.  In  odoni  uid  (a£t«  it  BgnKS  wtlh  the  preceding  but,  acconli: 
roaaelt  (Ann.  Ch.  Plurm.  liix.  67),  beluTea  in  a  totall;  diffemit  maniwr  wM 
rents  uid  with  hmea.  With  alcohol,  in  sdv  proportioa,  it  torta*  k  toibid  mii 
Putuh  and  aininoDia  al>o  form  with  it  turbid  ImimeaU,  which,  vbcn  left  at 
duposit  tha  balaam  in  its  oriEinal  ■tate.  It  doea  not  thii-fcim  irith  mayiiTir" 
ToIaJile  oil.  paracopaiia-oii,  which  it  vields  by  diatillation  «iUi  nter,  ia  diatiogv 
from  tha  copuiba-oil  above-mentioned,  by  it«  viscidity,  ita  uparing  aolubility  in 
lute  wlcotiol,  and  eapedally  by  not  forming  ■  crystaUine  compound  with  hydrad 
add.  The  reainoua  cake,  brittle  in  the  cold,  which  remaioa  after  tha  volatile  oi 
been  diatilled  oS,  ia  reaolved  bj  cold  alcohol  into  a  soluble  portian,  which  aepa 
on  evaporation  of  tbe  alcohol,  in  dropa  thcit  gradually  solidi^  in  amorpbous  m 
and  another  reain,  which  dissolves  ouly  in  boiling  alcohol  and  in  ether,  i*  diffic 
fuse,  and  likeviae  unciyatallisable.  Neither  of  thesn  resins  exhibiU  anv  acid  rei 
in  the  itate  of  solntion,  or  forms  compounds  with  basoa  (see  CopaiBi  RBsnre). 
hundred  pts.  of  the  Brazilian  balaiim  examined  by  Poasel^  coubtined  82  pta.  of  m 
oil,  and  18  pts.  reain,  the  greater  part  of  which  was  soluble  in  cold  alcohol. 

The  two  varieties  of  copaiba  balsam  just  described,  the  ftrst  of  which,  &om  it 
havionr  with  magnesia,  is  called  toli^ifiaUi  baUam,  must  be  regardnl  mfn 


Volatile  oil  ....    60  SS  64 

Kcsina         .....     40  42  46 

The  following  proportions  of  oil  and  resin  have  been  fonnd  in  acTeral  bolM) 
nnknown  origin : 


Specific  gravis     0-B28 

Volatile  oil       .         »0      S8      B«-6 

Beons      .        .         11      42      43-6 

The  a 
balaama  suffered  bj  boiling  with  water  (I.  I 

(248°  F.).  till  the  weight  remained  ooutant  (V'lL  to  'XI).    The  bi 
mire  mobile  and  are  not  farther  distingniahed ;  VII.  and  vIII.  ar*  mobile  balsai 
the  second  yarietj  ;  IX.  to  XI.  visdd  balsams  of  the  first  variety. 

According  to  Procter,  the  proportion  of  oil  variea  with  tha  sge  of  the  Iren 
yonngcat  trees  yielding  the  most  liquid  balaam.  The  add  resini  appear  to  b«  fb 
in  the  plant  itaelf,  wtma  the  soft  reain  (3  reein)  is  prodnoed  by  the  oxidation  o 
volatile  oil,  and  conaeqaentlj  increases  in  amount  with  the  age  of  the  *— '-— 
eially  when  it  is  kept  in  loosely  closed  veaaels ;  this  is  in  accordance  with  the  n 
of  Oberdorffer's  aoaljies  just  quoted. 

Copaiba  balsam  ii  used  in  Oie  preparation  of  lae-ramishw  and  tradng  paper 
its  chief  ^plication  is  in  medicine,  aa  a  remedy  in  diseases  of  the  urinary  pass 
It  is  not  known  with  certainty  to  which  constituent  of  tha  balsam  the  p«eilliar  ph 
logical  action  is  due ;  but  it  docs  not  appear  to  redde  lapeciBlly  in  the  volatile  oil 
in  many  places,  tha  reain  completely  freed  from  oil  is  succeaiMly  niad  in  me 
practice,  instead  of  the  balsam  in  its  original  stute.  Whether  tha  more  oUagi 
Varie^,  containing  only  neutral  resins,  which  ia  of  recent  introdnctioii,  i*  etf& 
exerting  the  same  action  as  tha  more  visdd  and  acid  variety,  which  hai  kmg  bea 


U"Ji' 


BALSAM  OF  MECCA. 


496 


lnt«  vMin  Batit  IndUa  wood-cU  (aloo  called  Gurjtm  UUsa)n^  or  iapm\  which  closely 
i¥««emble8  copaiba  balsam  in  taste  and  smell,  has  been  intiodnced  as  a  substitute  for  if « 
This  oil  may  be  easily  diatingnished  by  its  property  of  becoming  gelatinous  when 
lieated  to  ISO^  C.  (268^  ¥.),  whereas  pure  copaiba  balsam  be<»me8  more  fluid  when 
heated. 

The  presence  of  fixed  oils  in  copaiba  balsam  may  be  detected  by  the  following; 
methods : — 1.  By  placing  one  or  two  drops  of  the  balsam  on  paper,  and  eyaporatinp;  it 
at  a  very  gentle  neat  The  pure  balsam  then  leayes  a  hard,  sharply  deflncKl  varnish- 
like  spot,  wliereas  if  any  fixed  oil  be  present,  the  spot  is  soft  ana  surrounded  with  a 
circle  of  fat  fBer8elius).---2.  The  pure  baUam,  boiled  for  some  hours  with  water  in  an 
oj^en  Teasel,  leaTes  a  resin  which  becomes  brittle  on  cooling :  fixed  oils  render  this 
rt-sidne  soft  or  greasy. — 3.  The  fixed  oils  remain  behind  when  the  balsam  is  dissolyed 
in  8  Dts.  of  alcohol  of  90  per  cent  (a  smaller  quantity  of  alcohol  of  that  stren^ 
woula  leare  some  of  the  bidsam  undissolved,  p.  493^  This  last  method  will  not  m- 
dicale  the  fyresence  of  castoiH>i],  which  is  itselfsoluble  in  alcohol;  neither  will  it  detect 
the  presence  of  less  than  10  per  cent,  of  other  fixed  oils.  Tuipentine  and  oil  of  tur- 
p<fntine  may  be  recognised  by  their  odour,  especiaUy  when  the  balsam  is  dropped  upon 
;i  mefal  plate. 

All  otoer  methods  of  testing  copaiba  balsam  are  founded  on  the  amount  of  acid 
resins  contained  in  it,  and  relate  to  the  first  variety  (p.  493).  This  officinal  balsam 
may  be  regarded  as  genuine  when,  besides  exhibiting  me  characters  above  mentioned 
(p.  493),  it  forms  a  dear  or  nearly  clear  solution  with  alcohol,  yields  b^  distillation 
with  water,  not  more  than  46  per  cent  of  volatile  oil ;  forms  a  clear  solution  with  {  of 
itH  weight  of  aqueous  ammonia  of  specific  gravity  0*921,  and  when  mixed  with  ^  of 
it«  weight  of  calcined  magnesia,  gradually  forms  (in  twenty-four  to  fortr^-eight  hours) 
a  pUstic  paste.     (Handwort.  d.  Chem.  2**  Aufl.  ii.  634.) 

Mboca.  Bxlsax  or  Baim.  of  Gilead.  Opobahamum  verum  s.  gilradense.  Baume 
<fe  la  Mecqwy  (U  JudUf  uu  du  Caire, — This  balsam  is  the  produce  of  the  Balsamo- 
Jmdron  gtlcadenM  or,  Am^ris  cjieadensia,  a  shrub  belonging  to  the  terebentha^^eous 
order,  native  of  Arabia  Felix.  There  appear  to  be  three  varieties  of  it  The  finest, 
which  ia  used  only  in  the  East,  and  has  a  peculiarly  fragrant  odour,  is  said  to  exude  from 
the  flowers  in  clear  colourless  drops.  An  inferior  sort  exudes  spontaneously,  or  from 
incnsions  in  the  young  branches  of  the  plant  It  is  mobile,  pale  yellow,  turbid  like 
lUmond  syrup,  has  a  very  agreeable  odour  like  rosemary  and  lemon,  and  a  bitterish 
sharp  taste.  When  exposed  to  the  air,  it  gradually  hardens  and  loses  its  transparency. 
The  third  sort,  which  is  the  most  common,  is  obtained  by  boiling  the  wood  and  the 
branches  with  water.  It  is  somewhat  more  viscid  than  balsam  of  copaiba,  becomes 
white  and  soapy  when  rubbed  in  the  hand,  and  when  dropped  upon  water,  forms  a 
film  which  is  eusily  removed  by  a  quill  feather.  Ordinary  spirit  of  wine  dissolves  it 
but  partially,  and  leaves  a  transparent  odorous  substance,  of  which  warm  alcohol  ol 
specific  gravity  0*815  dissolves  about  two-thirds.  The  residue  is  a  flocculent  sub- 
stance, which  may  be  drawn  out  into  threads. 

Trommsdorff  (Trommsd.  Ncucs  Journal,  xvi.  62)  found  in  a  sample  of  this  balsam, 
80  per  cent  of  volatile  oil,  64  per  cent,  of  hard  resin,  4  per  cent  of  soft  resin,  and  0*4 
per  cent  of  bitter  principles.  The  volatUe  ml  was  mobile,  colourless,  fragrant,  and 
nad  a  rough  taste ;  dissolved  in  alcohol  and  ether,  and  with  deep  red  colour  in  sul- 
phuric acid,  whence  it  was  precipitated  by  water  as  a  resin.  It  was  also  resinised  by 
nitric  acid.  The  hard  resin  was  honey-yellow,  transparent,  .brittle,  of  specific  gravity 
1*333,  softened  at  44^  C,  and  melted  completely  at  90<'.  It  dissolved  with  difficulty 
in  alcohol  and  ether  at  ordinatr  tempKcratures,  easily  with  aid  of  heat ;  it  was  likewise 
soluble  in  oils,  both  fixed  and  volatile.  It  was  altered  by  hot  nitaric  and  sulphuric 
acids,  and  appeared  to  combine  with  alkalis,  forming  compounds  insoluble  in  free 
alkali.  The  soft  resin  was  brown  and  very  glutinous,  inodorous  and  tasteless ;  melted, 
when  dry,  at  112®  C.  It  was  insoluble  in  alcohol  and  ether,  but  soluble  in  oils,  both 
fixed  and  volatile.  It  was  not  attacked  by  alkalis  or  by  strong  sulphuric  add ;  with 
nitric  acid,  it  swelled  up  and  became  friable. 

According  to  Bonastre  (Ann.  Ch.  Pharm.  iii.  147))  Mecca  balsam  contains  in 
100  pts. : 

Fragrant  volatile  oil 10  pts. 

Brown  bitter  extract  soluble  in  water  and  alcohol  ...  4 
Acid  retin,  soluble  in  alcohol,  and  not  hardening  .70 
Stiff  whitish-grey  resin,  sparingly  soluble  in  alcohol  .12 
Add  substance  and  impurities 4    „ 

Mecca  balsam  was  formerly  used  in  medicine,  but  has  now  fallen  into  disuse  on 
account  of  its  scaxdty  and  deamess.    In  the  East  it  is  used  internally  as  a  tonic. 
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Battanu  of  lit  Sstmd  Group,  eontainiirf  CinnmitiB  Arid. 
LKiCIDUOiAa  BlUul  is  the  produce  of  lAquidavJiaT  ityradfiua,  ■  luge  Xtut  g 
ug  ia  Loniiiuia,  Florida,  uid  Meiico.     There  are  two  Tsrietid*  of  it,  vie  : 

1.  Liquid  liquidaabar,  or  Oil  of  liquidambar,  which  is  obtained  bj  nakinK 
wons  in  the  tree,  receiving  the  baleam  immedtatelj,  in  Trgarli  vhich  proUct  it 
the  action  of  the  ur,  and  ailervardj  decanting  the  liqnld  Irom  a  partion  of  of 
baium,  which  aeUlea  to  the  bottom.  It  is  b  thick  tmupannt  oil  of  unbca-ji 
doloor,  haa  an  odonr  like  that  of  liontd  atOTax,  bat  more  sgreesble,  and  an  uoi 
Uiite,  which  iiritatM  the  throat  It  coataina  a  rather  Urge  quantity  of  bsao 
tinnamic  acid,  and  reddens  litmus  paper  atronetjr.  Boiling  alcohol  diaaolrca  it, 
exception  of  a  alight  reeldne,  and  the  filtered  liquid  becomes  torbid  od  cooling. 

2,  Soft  ocwAiie  iiqiudambar  is  formed  &om  the  precoding  by  exposurQ  to  the  a 
when  it  nms  down  tiie  stem  of  the  tree  and  ia  lt4t  there  to  thicken.  It  reaei 
very  thick  tnrpentine  or  aoft  pitch,  is  opaqne  and  whitish,  haa  a  leaa  pamabii 
more  agreeable  odoor  than  the  preceding,  and  a  sweet,  perftimed,  but  irritatiiig  < 
It  ooatains  a  large  qnantity  of  benzoic  or  cinnamie  add.  By  continued  etpoaa 
the  air,  it  lolidiflea  completely,  sad  becomes  nearly  transparent.  It  was  Ibrmcllj 
H8  white  Pera  balaam.     (Qerh.  iiL  38S.) 

Fbbd  BuMkM.  Si^taiiuiBi  pemnaniin ;  B^.  i>u£ifin)i.~Thia  bal^mi  ii 
pTodnce  of  certain  spedea  of  JVynuyfuin,  or  JUynusmnHni,  growing  on  III*  Bi 
const  near  San  Sonata,  in  the  state  of  San  Salvador,  Central  America.    Ther*  >ie 

1.  White  Fern  baUam. — Obtained  iiam  the  frnit  of  the  tree  by  remonnj 
winga  and  the  oater  and  middle  integnmenta,  and  luhjectlng  the  inner  ooatiiiK  tog 
with  the  seed,  to  presaure,  Tbe  balsam  thus  obtained  is  pale  yellow,  someirosit  I 
turbid  and  grannlar,  and  has  an  agreeable  odoor  of  melilot.  When  leA  at  n 
deposits  a  solid  cngtalline  la^'er.  Cold  alcohol  or  ether  dissolcce  it  but  impcrfe 
the  eanie  liquids  when  hot  dinolve  tlie  greater  portion.  The  alcoholic  solntioSi, 
left  at  rest,  deposits  c^stals  of  myroiocsrpin  (v-".},  of  which  also  the  oysti 
sediment  abore  mentioned  appears  to  consist.  The  ethereal  extract  of  the  bi 
leaves  when  erapont«d  a  mixtare  of  resin  and  fixed  oil.  The  balaam  distilled 
water,  yields  traces  of  a  volatQe  oil  and  a  volatite  acid  (Schsrling).  Acnxdi. 
Guiboiui,  there  is  another  kind  of  white  Pern  balsam,  which  is  identical  with  lii 

2.  Dry  Pern  balsam,  BaUamum  pervvianum  tiecum,  Opt/iaitanatM  strew 
■aid  to  be  jroodueed  from  the  preceding  by  hardening  ia  cootact  with  the  air. 
cording  to  Weddell,  it  exndea  spontuneonsly  from  the  s!em  of  a  myroxjlnm. 
Mdish-yellow,  translocsDt,  hard,  smells  aromatic  and  like  Tanilla,  melts  wlien  hi 
and  bums  with  a  smoky  flame;  100  pts.  of  it  contain,  acconling  to  Tranudorfl^  I'. 
benzoic  (more  probablv  cinnamie)  acid.  0'2  volatile  oil.  and  830  reain. 

3.  Black  Peru  balsam.  Black  balsam  of  San  Salvador  or  840  Sonato.  BaZm 
prruvianum  s.  imiicum  nigrum,  Baiiim  dc  F/rv  noir.  Thin,  which  is  the  ordi 
Peru  balsam,  has  been  known  in  Europe  since  15B0.  It  is  said  to  be  obtained  by  nu 
incisions  in  the  stem  of  the  trees,  partially  detaching  a  portion  of  the  bark  in  s 
manner  as  loleave  it  at  111  connoct«l  with  the  stem  at  the  upper  part,  then  thrusting  wo 
rags  between  the  bark  and  the  wood,  and  warming  the  tree  by  "'^i";;  a  fire  rotu 
Fi««h  indaions  are  then  madi?  higher  and  hiriier  up,  till  the  rags  are  Battmilnl 

---  ■—    --  — 1--  J-— ^     The  cloths  impregnnted  with  balsam  are 

',  and  the  faalsajn  which  sinks  to  the  botto 
freed  from  water,  which  it  retains  somewhat  firmly,  by  several  hours  boiling  v 
water.  It  is  then  further  purifiod  by  stiminiDg,  and  sent  to  Europe  by  way  of  1 
whence  its  name.  (Copious  details  of  the  histoij  and  premimtioo  of  this  balaan 
riven  in  MiapniU»  Chtutittn/,  i  228 ;  sea  aba  Uri*  Dictionary  qf  Artt,  M 
Jactwrtt  and  Xinet,  I  248.) 

Black  Peru  balsam  ia  viscid  but  not  glutinous,  of  dark  hrown  colour,  opaque  L 
mass,  bat  in  thin  layers  perfectly  transparent,  with  brown-red  colour.  Spedtic  gr 
1-16.  In  contact  with  the  air,  it  gradually  thickens,  but  docs  not  aolidiQ".  It  hi 
agreeable  odour,  like  vanilla,  n  bitt«r.  THT^inlently  irritating  taste,  and  an  add  reac 
1000  parts  of  the  balsam  saturating  about  75  of  carbonate  of  sodium. 

When  heated,  it  takes  fire  and  bams  with  a  smoky  flume.  When  distilled  with  « 
it  does  not  yield  any  volatile  oil,  but  the  distillate  contains  dnnamic  kcid,  iriiieh  a 
in  the  bslsaia  in  the  tree  state,  and  may  bo  extracted  by  repeated  boiling  with  « 
or  by  carbonate  of  sodium,  Peru  balsam  mixes  in  all  pcoportioos  with  abtal^te  alo 
but  the  solution  is  not  qaile  clear,  and  deposits  a  flocculent  substance  when  left  at 
Weaker  alcohol  dissolves  it  less  easily,  and  leaves  a  residue  of  resin.  It  is  al« 
incompletely  soluble  ia  ttlur  and  in  oiU,  whethe-  fixed  or  volatile.    I(  mixM  vil 
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tttvbidi^  with  }  of  its  weight  of  fixed  oil,  or  with  }  of  ita  weiffht  of  balsam  of  copaiba ; 
bat  if  a  larger  qtiantity  of  either  of  these  liquids  be  adde^  two  layers  are  formed. 
Sulphuric  £id  eonrerts  it  into  a  thick  red  mass,  with  evolation  of  snlphunras  acid; 
fii^rc^  add  acts  upon  it  only  when  heated,  giving  off  nitrons  fames  and  hydrocyanic 
acid ;  aitar  the  evaporation  of  the  mixture,  there  remains  a  brownish-yellow  bitter 
frubstaDCe,  soluble  in  water.    When  2  volumes  of  the  balsam  are  ^ntly  heated  with 

3  Tolomes  of  potash4ty^  of  specific  ^vity  1*3,  two  layers  of  liquid  are  formed,  the 
upper  consisting  of  a  brownish  oil  (oil  of  Pern  balsam),  and  the  lower,  which  is  watery, 
coDtaining  cinnamic  acid,  resins,  and  colouring  matters  in  combination  with  potasb. 

4  pta.  of  the  balsam  form  a  soapy  mixture  with  1  pt.  hydrate  of  potassium  and  1  pt  of 
water.  When  8ul>jeeted  to  dry  dUtUlation^  it  begins  to  boil  at  287°  C.  and  yields, 
with  continual  rise  of  temperature,  an  oil  coloured  byproducts  of  decomposition,  while 
a  porous  chaieoal  remains  in  the  retort 

Black  Peru  balsam  has  been  repeatedly  analysed.  The  earliest  examination  of  it 
was  made  in  1824,  by  Stoltze  (Berliner.  Jahrb.  £  Pharm.  xxv.  24),  who  found  in 
100  pt&  69*0  pts.  of  a  peculiar  volatile  oil,  6*4  of  acid  (supposed  at  the  time  to  be 
bensoie  acid,  but  really  consisting  of  dnnamie  acid),  20*7  resin  easily  soluble  in 
alcohol,  2'4  leein  sparingly  soluble  in  alcohol,  0*6  extractive  matter,  and  0*9  moisture. 

According  to  Fremy  (Ann.  Ch.  Phys.  [2]  Ixx.  180),  the  balsam  is  composed  of 
variable  quantities  of  a  volatile  oil  {cinnamein  or  styracin\  a  dystallisable  substance 
{metacinnamein),  isomeric  therewith,  cintumue  acid^  and  resin.  On  dissolving  the 
balsam  in  alcohol,  and  adding  alcoholic  potash,  the  resin  is  precipitated  in  combination 
with  potash,  wh^e  the  cinnamein  remains  dissolved,  and  may  be  precipitated  by 
water,  the  dnnamie  acid  still  remaining  in  solution.  The  oil  is  purifi»i  from  resin  by 
Bolution  in  rock*oil  and  evaporation ;  by  exposing  it  to  a  low  temperature,  and  redis- 
folring  in  weak  alcohol,  the  crystalline  metacinnamein,  which  however  is  not  always 
present,  is  separated  (see  Cinnambzn).  The  resinous  portion  of  the  balsam  appean  to 
be  a  mixture  of  several  distinct  resins,  one  of  which  agrees  in  composition  with  the 
resin  produced  from  cinnamein  by  the  action  of  sulphuric  acid ;  another  difTen  from 
that  just  mentioned  merely  by  containing  a  smaller  amount  of  the  elements  of  water. 
Fremy  therefbre  regards  cinnamein  and  metacinnamein  as  the  original  constituents 
of  Peru  balsam,  the  cinnamic  add  as  a  product  of  oxidation,  and  the  resins  as  hydrates 
of  cinnamein.  This  view  explains  the  variation  in  constitution  of  the  balsam  with 
age;  also  the  fact  that  dnnamie  add  is  st31  present  in  the  balsam  after  it  has  been 
boiled  with  water,  and  increases  in  quantity  with  the  age  of  the  balsam. 

For  Plantamotur^s  results,  wHich  agree  with  those  of  Fremy,  so  far  as  regards  the 
presence  of  <*i»mRi«OTn  and  cinnamic  add,  see  Ann.  Ch.  Pharm.  xxvii.  329 ;  xxx.  347. 
According  to  Seharlin^  {ilnd,  xcvii  168),  the  dnnamein  obtained  from  different 
samples  of  Pern  balsam  is  not  of  constant  composition ;  but  the  formulss  which  ha 
&^<«ig:ns  to  them  are  improbable. 

The  resin  of  Peru  balsam  mixed  with  pumice  and  subjected  to  dry  distillation,  yields 
benzoic  add,  together  with  an  oily  and  a  watery  distillate.  On  lii^tillitipr  the  former 
by  itself,  a  lighter  oil  passes  over  at  176^  0.,  and  afterwards  a  heavy  Uquid,  which 
links  to  the  bottom.  Tne  light  oil,  repeatedly  rectified  with  potash-ley,  and  finally 
9vpr  hydrate  of  potasdum,  yields  pure  dnnamene,  C*H'.  The  heavier  liquid  appean  to 
ransist  of  bcoixoate  of  methyl  and  phenie  add :  when  distilled  with  potash-ley,  it  yields 
nood-€pirit«     (8  char  ling,  loe.  cit) 

Black  Peru  balsam  is  used  in  medidne  as  an  application  to  wounds,  and  also  as  an 
internal  remedy.  It  is  also  used  in  perfumeiy,  and  in  the  preparation  (XT  chocolate,  as 
I  substitute  for  vaniEa.  The  white  and  diy  balsams  (p.  496)  are  scarce,  and  have 
act  received  any  practical  application. 

Adulterations  in  Peru  balsam  maj  be  detected  as  follows :  Fixed  oils  remain  un- 
iisflolved  on  treating  the  balsam  with  strong  alcohol ;  volatile  oUs  lower  the  boiling 
x)int,  and  pass  over  on  Hiwtilling  the  balsam  with  water;  copaiba  balsam  and  iw' 
orntiru  may  be  recognised  bv  the  odour  which  they  give  out  when  heated ;  also  by 
fielding  volatile  oils  on  distillation  with  water;  sugar  and  all  subetanoes  soluble  in 
<rater,  by  the  diminution  of  volume  which  the  balsam  so  adulterated  undergoes  when 
ihakeu  up  with  water;  syrup  of  sugar  also  renden  the  balsam  turbid. 

iSroBAX  Balsajc — This  balsam  is  the  produce  of  Styrax  officinalis,  a  shrub 
growing  in  the  Levant^  Palestine,  Syria,  and  Greece.  It  is  imported  into  Europe 
rom  Trieste.  There  are  two  prindpal  varieties  of  it^  Styrax  liguidus,  and  Styrax 
alatnita, 

a.  Liquid  storax, — This  variety  is  sometimes  transparent,  of  brownish-yellow  colour, 
f  the  consistence  and  tenadty  of  Venice  turpentine,  and  has  a  peculiar  sweetish  or 
aniUa-like  odour;  sometimes  opaque,  with  grey  colour,  the  consistence  of  bird-lime, 
nd  a  strong  oppressive  odour,  slightly  mixed  with  that  of  benzene  or  naphthalene, 
.ionid  storax  is  a  mixture  of  styrol,  dnnamie  acid,  styracin,  and  redns* 
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.  Sttd  tlorat,  Btyrax  eaiamtta. — Thu  ia  imported  is  tximput  munt  of  frap 
DT  ind  rich  bromi  oolonr,  intenpened  vith  «bit«  t«an,  whence  it  hu  >l*o  b 
ed  amygdjiidid  tionx.  According  to  Reinich,  it  contMOB  &baat  O'f  p^  rent 
itQ«  ml,  33  to  64  per  cent  nein,  11  to  2'B  benzoic  acid.  S  to  H  gum  and  cstr 
to  24  nutter  eitncted  bv  potash,  20  to  S7  wood;  ^bie,  6  water,  and  toace 
nonia.  The  drug  told  tmder  thii  name  is,  hoverer,  of  vei-f  Tmnable  ei>mpo«it 
n  connitiiig  of  trathing  Irat  nw-diut  or  decayed  wood,  impregnated  with  o 
or  aome  similar  lubstancc^  and  bearing  no  reaeniblanee  whaterer  to  ttu  geni 

Itonx  ia  used  in  medioDe,  ai  a  itimnlating  expectorant,  ita  operatiaa  bi 
logons  to  that  of  Fern  balsam  or  benzoin.  It  is  also  nsed  a*  a  deCeigoit,  in 
n  of  ointment     (Mnspratt's  Chemistry.  L  3S5. ) 

'.tax  BuauL — This  ttalsam  ii  obtained  in  Istn  qnanti^  &om  iodnons  in 
n  of  the  itf^nujwraiuffi  tolut/ivntni  (Spiengel),  Myraxj/ltiiiitolwftTvm\V.ie)i*T' 
'M  growing  in  Tuioni  diatrieta  of  Colnmliia,  Til.  in  the  mountains  of  Tiu4 
i  T^n,  and  on  the  Hagdalena  Biver.  In  the  fresh  state  it  is  yeUowish,  tn 
ent  and  liquid.  Like  toipentine  (vKiU  iotv-haltam)  bnt  ciiangei  rather  qoicUj 
ping,  acquiring  a  reddiiQ-brown  coloarand  stiff  constitence(W<u:i<o'K-AauaiiiX 
Dg  nltimatet;  converted  into  a  friable  snbstance  of  graunlar  ajstaUiDe  atme 
y  tolti-baltan).  It  has  an  aromatic  odoor,  like  that  of  lemon  and  jaanune,  ai 
«tish,  aromatic,  somewhat  iniCating  taste.  It  melts  at  a  gentle  heat ;  disre 
iily  and  complelelj  in  a/coAol;  lees  readily  in  liJur  and  in  tolatiit  oUm  ;  not  c 
lelj  in  Jizid  oiU.  Hot  water  extracts  from  it  cinnamic  acid  (and,  aeecidini 
rille  and  Schatling,  likewise  benxoic  acid),  together  with  Tolatile  oil.  Heated  i 
•ng  ndpkuric  acid,  it  forms  a  red  solntion  withont  giving  off  salpbonma  acid-  V 
itk-iey  of  specific  gravity  1'17,  it  fonfls  a  clear  solntion  having  an  odour  of  viol 
I  with  diope  of  oil  floating  on  the  surface. 

'oln  balsam  is  a  miitnie  of  vaUtile  oil,  &ee  acid,  and  reaiu.  The  9alat8t  oil  ia 
led  by  distilling  the  balsam  with  water,  Ibe  quanti^  l>eiiig  alwayv  smaTl, 
png  according  to  the  age  of  the  balsam.  Deville  obtained  03  per  eent..  Sehar! 
er  cent.,  and.  by  afterwards  passing  itaam  heated  to  170°  C  throngh  the  bab 
per  cent  more.  This  oil  is.  according  to  Deville,  a  miiture  of  laitTif,  C"K",  p 
over  betweeen  Ifloo  and  170"  C,  and  ™na™iii,  C^i'O',  which  distila  b«w 
°  and  3fi0°  C.  According  to  E.  Eopp  and  Schailing,  on  the  other  haad,  the 
lists  wholly  of  tolene.  which,  according  to  Kopp,  is  iaomeric  with  oil  of  tnrpent 
3".  The  small  qnontity  of  voUtile  oU  contained  in  Toln  balaam,  and  the  tspi< 
li  which  it  hardens  by  eiposnre  to  the  air,  ar*  (liaracters  by  which  it  ia  nai 
ingoished  from  balsam  of  Peru. 

lie  bee  acid  of  Toln  balsam  consisla,  according  to  Deville  and  Sehariin^  of  i 
we  and  bemoic  adds ;  according  to  Fr^y  and  £.  Kopp,  of  cinnamic  add  oi 
I  balsam  boiled  with  water,  yields  a  solntion  which,  on  cooling,  deposits  07* 
\6.j  of  cinnamic  acid  (Beville).  The  oil  obtained  by  distilling  the  balaaio  v 
er.  and  cohobating  the  distillate  several  timea,  deposit*  benioie  add  when  ^pc 
he  air  (Daville).  Benroic  add  is  likewise  extracted,  logatber  with  cinnsmie  t. 
treating  the  balsam  with  aqneons  carbonate  of  aodiDm,  or  eaastie  potash,  add 
iride  of  calcium  to  prsdpitate  the  reeins,  and  supersatorating  the  flltrats  with 
:hloric  add  (Deville.  Seharling).  E.  Kopp  la  of  opinion  that  the  bcnanac  s 
product  of  decompodtioa,  and  does  not  pre-exiat  in  the  balsam. 
F«(»u.— According  to  E.  Eopp,  Totn  balsam  contains  two  resins,  an  a  rasiii,  aai 
ible  in  alcohol,  and  a  0  resin,  C"H*0*.  sparingly  soluble  in  alcohoL 
'he  a  Ksin,  C'^'*0',  according  to  Eopp,  but  more  probably  C"H'*0',  al  tomt 
Sarhardt  (Trait^  iii.  403),  is  obtained  by  treatiag  the  balsam  with  oold  a&iol 
r  it  has  been  freed  &om  volatile  oil  and  cinnamic  add  by  distillation  and  boil 
I  water.  It  ia  brown,  ttanalneent,  and  «li  ini'ng ;  firiabU  in  the  eold :  bU 
dv  eskes  together  even  at  +  1£°  C,  and  the  nain  melts  at  60°  C.  Sto»ig  i 
ric  add  colonrs  it  pnrple-red.  When  diasolved  in  potash-ley,  and  expoaed  to 
it  oxidises  readily,  and  is  couTerted  into  $  Kain.  By  dt7  diariUabon  it  714 
ene  and  bemoic  add. 

he  p  nain,  CH'O'.  is  brownish,  dnll,  and  withont  taste  or  smell;  melts  s 
pemtnre  above  100°  C.  It  is  sparingly  soluble  in  alcohol  and  ethar.  diasolvasw 
ra  colour  in  potash-ley,  and  is  precipitated  with  violet  oolonr  by  salphmie  oi 
I  more  permanent  than  the  a  resin. 

he  mixture  of  the  two  reaini.  treated  with  nitric  add,  yields  •  number  of  vola 
gaseous  products,  consisting  of  carbonic  anhydride,  nitrons  anhydride,  nitric  oxi 
sr-almond  oil,  hydrocyanic  add,  and  a  small  quantity  of  benzoic  add,  and  Ut 
aina  a  yellow  mass,  consisting  of  brnzoic  acid  and  a  yelloir  reaimnu  Mdoor 
tor,  which  prevenia  the  benioic  add  &om  crystallising  till  it  has  been  aepanted 
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flohUmatioii.  The  resin  Urns  treated  yield*  about  a  third  of  its  weight  of  pure  bencoie 
add. 

According  to  Beville,  Tolu  balsam  contains  only  one  land  of  resin,  which  has  the 
composition  of  the  fi  resin  just  described.  To  exinct  it»  Beville  dissolTes  the  balsam 
in  potash  largely  dilut<Hi  with  water,  saturates  the  liquid  with  carbonic  acid  gfts, 
whereby  a  small  quantity  of  resin  ia  precipitated,  then  adds  chloride  of  oddum,  which 
precipitates  the  carbonic  acid  and  the  rest  of  the  resin  as  caldum-Baltl^  leaving  benzoic 
and  dnnamic  adds  in  solution.  The  rose-coloured  mass,  1^  after  filtration,  is  then 
treated  with  hydrochloric  acid,  which  dissolres  out  the  lime  and  leaves  the  resin,  and 
the  Utter  is  pnriAed  by  solution  in  a  small  quantity  of  idcoho^  and  predpitation  by 
water.  It  then  forms  a  zose-coloured  powder,  haying  a  faint  odour  of  vanifia)  soluble 
in  alcohol  and  in  potash,  very  hygrometric,  and  varying  considerably  in  colour  from 
the  effect  of  atmospheric  influences,  and  perhaps  also  of  light.  Treated  with  fuminff 
nitric  add,  it  takes  fire  and  bums  as  in  oxygen.  By  dnr  mstillation,  it  yields  a  smaU 
quantity  of  water,  benzoic  add,  toluol,  benzoate  of  ethyl,  and  a  mixture  of  carbonic 
oxide  and  carbonic  anhydride.    (Deville.) 

Scharling  finds  that,  when  the  resins  of  Tolu  balsam  are  mixed  with  half  their 
weight  of  powdered  pumice,  and  covered  in  the  retort  with  a  layer  of  pumice,  the 
process  of  dzy  distillation  goes  on  quietly  and  without  tumefaction.  16  pts.  of  the 
resin  heated  in  this  manner,  ultimately  to  redness,  yield  2  pts.  of  a  watery,  and  6  pta. 
of  an  oily  liquid,  which  is  heavier  than  water,  and  is  resolved  by  fractional  distillation 
into  toluol,  phenic  add,  and  a  portion  boiling  above  198^  C.  The  latter  was  not  ob- 
tained of  constant  boiling  point,  and  yielded  by  analysis  numbers  intermediate 
between  the  composition  of  benzoate  of  ethyl,  C'H*(C'H*)0',  and  benzoate  of  methyl 
(7fl*(CH*)0*.  When  distilled  with  potash,  however,  it  yielded  only  methylic  alcohol, 
without  any  common  alcohol;  hence  it  appears  that  the  products  of  distillation  of  the 
resins  are  tolttene^  phenic  add,  and  bemoate  of  methyl 

The  mode  of  formation  of  Tolu  balsam  ia  not  known  with  certainty.  If  we  regard 
dnnamein  as  the  primary  constitaent,  the  resins  a  and  3  may  be  formed  from  it  by 
absorption  of  oxygen  and  water : 

C«IP"0«  »  C^'H'H)*  +  0  +  H«0 

m  nda.        CimHUBeln. 

C««H»0»  -  C»BW)«  +  0  +  2HH) 
^rerin. 

tt  the  a  resin  may  be  converted  by  oxidation  into  the  0  resin  and  dnnamift  add: 

2C'«H»0«  +  0  -  C>«H»0»  +  20HH>« 

•  retlo.  0  rtsin.  Clnnmnle 

add. 

Lastly,  the  $  resin  may  split  up  into  benzoic  add,  water,  and  a  hydrocarbon : 

C"H*0»  »  2CHW  +  HH)  +  C*H« 

which  hydrocarbon  is  supposed  by  E.  Eopp  to  give  rise  to  the  formation  of  tolene. 
Scharling;  on  the  other  nand,  supposes  that  all  the  constituents  of  the  balsam  are 
formed  from  tolene,  inasmuch  as  tius  body,  when  exposed  to  the  air,  quickly  becomes 
i^sinous  and  acquires  an  add  reaction.  It  must  be  observed,  however,  that  the  resins 
thus  formed  are  veiy  different  in  composition  and  properties  from  those,  of  Tolu  balsam, 
and  the  nature  of  the  add  has  not  been  determined. 

Tolu  balsam  is  used  medicinal^  to  facilitate  expectoration  in  coughs  and  chronic 
catarrhs ;  also  in  perfumery.  It  is  said  to  be  often  adulterated  with  liquid  stoomx, 
liquidambar,  and  Canada  balsam.  Pure  Tolu  balsam  may  be  known  by  its  perfect 
transparency  when  fresh ;  by  its  odour ;  by  its  freedom  from  water ;  by  its  perfect  solu- 
bility in  potash-ley  of  1*17,  and  in  ala)hol ;  and  by  its  reaction  with  sulphuric  add. 

HI^YfffA^gM^  AX.TZnoZA&.  Pharmaceutical  preparations^  chiefly  for  external 
use,  and  somewhat  resembling  tiie  natual  balsams  in  their  physiral  character, 
e.  g,  BaUamum  opodddoe,  an  alcoholic  soap-solution  containing  ammonia;  BaUamum 
Arcm,  a  salve  containing  elemi-resin ;  BaUamimii  stdpkttrU,  a  solution  of  aalphur  in 
linseed  oil,  &c 

aASRKOSira.  A  variety  of  ehrysotil,  or  fibrous  serpentine,  found  at  Balti- 
more in  North  America. 


_  A  silicate  of  aluminium,  found  in  microsoopie  linear  or  fibrous 

crystals,  at  Bamle  in  Norway.  Specific  gravity  2984;  haidncos  about  eqnal  to  that 
of  disihene ;  colour  vaiyins  ftom  white  to  pale  greeoiish ;  lustre  vitreous  to  silky ; 
translueentk  or  in  single  in£viduals  nearly  transparent  and  colourless.  According  to 
Brdmann'  s  analytu  (J.  pr.  Chem.  xxxi.  165)  it  contains  66*9  silica,  40-72  Hlumina, 
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BAEALITE— BAEIUM. 

brric  oxide,  1*04  lime,  uid  tncM  of  fluorine  nmnbera  wliieh  ooirefpaud  naut 
he  fomols  Si'Al'O"    -  iAl*0>.eSiO' ;    but   it   reqtuK*  farther  >..~..-».tim 
gU  regudi  it  u  >  miztDre  of  distheae  Mid  qurti. 
AXA.I>XTa  OF  mAVA&ira.    A  miaenl  from  Banlon,  Cfite  da  Nord,  ea 

tag  nlicA,  slumins,  fenie  oxide,  lime,  migDesii,  ud  w*t«r.    It  ii  pnbabtj 
:aie,  tbe  aepantfl  conititiunitii  of  which  are  not  dutdngniihable  hj  the  eje. 
AXSATHCAO.     A  nuna  uplied  to  aerenl  Bnuiliui  buki  "n*t'"T"g  taasi 
used  both  aa  Mtnngect  medicines  and  in  the  *»""'''g  of  lotthcT. 
AasKOXOva.    A  blue  T»ie^  of  ubjdrite  eat  and  poliiliad  lor  rmoi 
mental  poiposea. 

*»B1TTTT  (Tlatrni. — A  nitraeenoai  rabetance  contained  in  aalphiiRnii  Ifaenu 
igi,  enedally  in  France.  It  foima  s  deposit  on  the  Bidea  of  the  boiina  ai 
Inita  of  the  fpringii,  which  an  aometimes  flUed  with  watar  and  aometimaa  empt 
r  '>ccaTiing  in  uiita  wliich  an  oonitantly  fdlL  The  name  batesin  ia  derived  bo 
Mcamoee  at  Barigea;  it  ia  alao  called  JVomMrrtn,  from  Pumbitrea,  anothi 
li^  in  whidi  it  ia  fmind  in  oonaiderahla  qiwnlity.  Bangin  ia  in  the  mout  at* 
annaran^  gaUtinow,  neariy  ooIoorkM  tabifauice,  d«atitnl«  of  t**t«  and  odoa 
iaaolTea  Tet7  qiannglj  in  the  cold,  more  readilj  at  higher  temperatiiTe*,  in  wale 
bol,  aqneona  adda,  and  alkalii,  and  in  oil  of  toipentina ;  maolnble  is  rlht 
m  dried,  it  forma  a  horaj  maaa,  and  on  heating  thia  maaa,  it  emita  an  odonr  ID 

of  burnt  hom,  together  with  ammontacal  T^xmn.  According  to  Bouia  (Comp 
.  ili  IS)  it  containi  from  44  to  487  per  cent  of  carbon,  67  lo  7'T  hjdrogr 
»  8'I  nitrogen,  and  SOS  to  407  per  cent  of  aah,  chieflj  oonaiating  of  allies. 

not  oontain  inlphnr.  Aeoordii^  to  Danber^  it  canaiata  for  the  mnat  part  of 
I  of  confemB  aad  oacHlatonat. 

earlT  allied  to,  if  not  identical  with  baregin,  ia  a  aabatance  which  la  aomctiini 
led  m  the  quick  method  of  preparing  Tinegar  (see  Aono  Acm,  p.  7),  and  attach 
f  in  gelatinooa  ahreda  to  the  iniide  of  the  perforated  eaaka.  Thia  aabatanee  wh( 
1  formii  a  parchment-like  layer,  containinB  42  per  cent  CMbOD  and  S  bjdiogB 
lee  nitrogen  and  oxjgen,  and  leaving  an  ^kaline  aah.  (Osrh.  ir.  £36 ;  Handi 
hem.  2"  Aofl.  iL  643.) 

AXXUbA.  or  SAXZKXrOB.  The  term  given  in  commerce  to  the  impure  aoc 
irtad  from  Spain  and  tHe  Levant    It  ia  made  by  burning  to  aabea  difln«nt  plao 

grow  on  the  ■«&  ihore,  chieflj  of  the  eenoa  Sattola,  and  ia  imported  in  hai 
I  Boeckled  brown  colonr.    Kelp,  a  adll  more  impore  alkali,  made  : 
is  sometime*  called  Brifuk  ioHUa.     Tba 
itancea  were  formei^j  Uie  souTce  of  all  the  soda  of  commcroe ;  bat  then  nag 

almost  entirely  laperseded  by  the  manufiietare  of  aoda  from  common  aalt. 
lAWmC  %piJtoi  Bi;  Atoniie  wagit  137.— (The  name  ia  derivedfrom  piv' 
ry,  in  allusion  to  the  gnat  denilty  of  ita  componnda.)  Tliia  metal  ooeiua  aha. 
t^  aa  a  anlpbate  and  earbon&te ;  alio  in  the  ipineral  iarytoeaicitt,  a  carbonale 
Dm  and  calcinm,  in  certnin  ores  of  nuuiKUiese,  in  Harmotome  and  in  Bnvsterit 
ea  of  it  baa  also  been  found  in  mineraT  waters.  It  is  never  found  native.  H 
le,  baryta,  was  fliat  recognised  aa  a  pecnliar  eartli.  diatiuct  from  lime,  by  Sehed 
774 ;  and  the  metal  itee&  wu  fijat  obUined  by  Davy,  in  1808, 
'rtparatum. — 1.  Hydrate  of  barium,  or  the  cuHionate,  chloride^  or  nitrate,  ia  mni 
I  a  doughy  maas  with  water,  fimned  into  a  «ap,  and  placed  upon  a  platinom  dii 
ch  ia  connected  with  the  poaitive  pole  of  a  voltaic  battefy  of  600  pain  of  jiUU 
cn^  being  filled  with  mercucy,  into  which  the  negative  wire  dipa.  The  «m«lg« 
lanom  thtu  obtained  is  heat«d  in  a  tube  of  glu*  without  lead,  filled  with  tl 
mt  of  lock-oil,  till  all  the  mercury  ie  sublimed  (Sir  H.  Davy),  If  the  hydrMe 
um  is  mixed  with  oiidB  of  mercury,  the  amalgem  lb  obtained  in  larger  qnanti 

E.  Davy.)  Hare  (J.  pr.  Chem.  »■»  240)  prepared  the  amalgam  in  a  aimll 
iner  from  moistetied  ehlorids  of  bsrium  surronnded  by  a  freezing  mixture,  naii 

batteriea,  each  of  100  pairs,  and  containing  more  than  100  B^nure  feet  of  cii 

metcnry  wbb  expelled  by  heating  the  «tT.«lg.m  in  an  iron  crucible  provided  wii 
roD  cover,  and  exhauoled  of  air.  — 2.  Barium  may  be  obtained  in  an  imporv  ttml 
irding  to  Davy,  by  puaina  vapour  of  potaaaiam  over  red-hot  baiyts  or  diloride 
iim,--3.  Pure  btoyta  or  the  mtrnta  is  placed  in  a  bole  made  in  a  piece  of  cbaroa 
late,  aad  exposed  to  a  burning  jet  of  detonating  gas,  produced  from  thne  meaaur 
lydro^en  and  one  meaiun  of  oij^^  gas.  Effervescence  taken  plac«.  and  whit 
ling  little  globules  of  metailic  barium  are  formed.  The  bsiyta  must  be  BDhydim 
the  detonating  gas  must  be  passed  through  oil  and  not  through  water;  othernec 
ilocent  vitreooa  or  homy  masa  will  be  obtained  (Clarke,  Ann.  FhiL  iviL  419 
.  BuBsen  antrject*  chloride  of  barium,  mixed  up  to  a  past*  with  water  and  a  litt 
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h^'rln>ch]orie  acid,  at  a  temperatiue  of  100^  C,  to  the  action  of  the  electric  emrent, 
u*«i  n^r  an  amalgamated  platmnm  wire  as  the  n^tiye  pole.  In  this  manner,  the  metal 
i«*  obtained  aa  a  solid,  auTer-white  highly  oys^iJline  amalgam,  which,  when  placed  in  a 
little  boat  made  of  thoionghly  ignited  charcoal,  and  heated  in  a  stream  of  hydrogen, 
jir^lda  barium  in  the  form  of  a  tumefied  mass,  tamiahed  on  the  sozface,  bat  often 
exhibiting  a  silver-white  lustre  in  the  cavities  (Fogg.  Ann.  xcL  619).  Matthiessen 
haa  obtained  barium  by  a  method  similar  to  that  adopted  for  strontium  (q,  «.) ;  but 
only  in  the  form  of  a  metallic  powder. 

I^^>pertiet,^Baxirun,  according  to  Davy,  is  a  silyer-white  metal  with  less  lustre  than 
c:i»t-irt)n ;  aooording  to  Clarke,  it  has  the  colour  and  lustre  of  iron ;  acooiding  to 
Matthiessen,  it  is  a  yellow  powder.  It  sinks  rapidly  in  strong  sulphuric  add,  eren 
when  surrounded  by  bubbles  of  ^  Its  specific  gravity,  according  to  Clarke^  is  4*0 
or  somewhat  greater.  It  is  ductile,  and  may  be  beaten  flat^  though  with  difficnlty. 
It  melts  below  redness,  and  does  not  volatilise  at  a  red  heat  It  oxidises  rapidly  in 
the  air,  becomingheated  at  the  same  time,  and  decomposes  water  rapidly  at  oidinaiy 
temperatures.  When  heated  in  the  air,  it  bums  with  a  dark  red  liffht  (Davy) ;  before 
Ihe  oxy-hvdrogen  blowpipe  it  bums  with  a  greenish  flame  (Clarke).  Sulphuric 
acid  rapidly  converts  it  into  sulphate,  with  evolution  of  hydrogen. 

SAKZUM,  BBOMBBB  or.  BaBr.  OryttaUUed,  BaBr*.2HH).^Prepared  by 
a.it uniting  baryta-water,  or  sulphide,  or  carbonate  of  barium  with  faydrobromic  acid, 
or  by  decomposing  the  sulphide  with  free  bromine,  sulphur  beinf  at  the  same  time 
precipiuted.  It  is  very  solnble  in  water  and  cr}'stalli8es  with  difficulty.  Isomor- 
phdus  wiih  the  chloride.  It  is  soluble  in  strong  alcohol,  and  may  thus  be  separated 
frum  the  chloride,  which  is  nearly  insoluble  in  Uiat  liquid. 


CB&omZBBOr.  BaCl.  t^^s^fto^/MMf,  BaCl*. 2H'0.— The  hydrated 
salt  was  formerly  called  TVrra  ponderosa  salita.  This  salt  is  prepared  either  from 
the  carbonate  or  from  the  sulphate  of  barium,  both  of  which  are  natural  minerals. 
The  carbonate  (witherite)  is  simply  dissolved  in  hydrochloric  acid,  and  the  resulting 
chloride  purified  by  recrystaUisation.  From  the  native  sulphate  (heavy  spar),  the 
chloride  may  be  prepared  in  two  ways :  1.  By  igniting  the  sulphate  in  a  cracible  with 
pounded  coal,  whereby  it  is  converted  into  sulphide,  Ba"S,  extracting  the  sulphide  by 
boiling  water,  and  decomposing  the  filtered  solution  with  hydrochloric  acid : 

Ba'S  +  2RCi  -  Ba^Cl*  +  H«S. 

The  acid  is  added  in  sufficient  quantity  to  produce  a  strong  acid  reaction,  and  the  liquid 
is  boiled  for  some  time  to  drive  off  all  the  sulphuretted  hydrogen,  then  filtered,  eva- 
pomted,  and  cooled  till  it  crystallises. — 2.  By  heating  a  mixture  of  2  pts.  heavy  spar, 
and  1  pt,  fused  chloride  of  calcium  to  redness  for  about  an  hour.  Sulphate  of  calcium  and 
chloride  of  barium  are  then  fonned  (SO^Ba*  +  Oa^Cl'  -  Ba^a*  +  8O«Ca'0,  and  the 
Itttter  mav  be  extracted  by  pulverising  the  fused  mass,  boiling  with  water,  and  filter- 
ing as  qmckly  as  possible ;  otherwise,  a  portion  of  the  chloride  of  barium  wiU  be  re- 
converted into  sulphate,  because  the  sulphate  of  calcium  in  the  residue  gradually 
dissolves  in  the  water,  and  mixing  with  the  dissolved  chloride  of  barium,  produces  a 
reaction  exactly  the  reverse  of  that  which  took  place  in  the  fused  mass.  Tne  decom- 
position of  the  sulphate  may  be  &cilitated  b^  adding  to  the  mixture  in  the  crucible  a 
quantitv  of  iron  fitingi  and  charcoaL  Sulphide  of  iron  is  then  formed,  together  with 
an  insoluble  ozysulpMde  of  calcium,  from  which  the  chloride  of  barium  may  be  sepa^ 
rated  by  water  as  above. 

Commercial  chloride  of  barium  often  contains  small  quantities  of  the  chlorides  of 
strontittm  and  calcium ;  also  chloride  of  aluminium,  sesquichloride  of  iron,  and  some- 
times traces  of  copper  and  lead.  The  chlorides  of  strontium  and  calcium  may  be 
removed  b^  washing  the  crystals  with  alcohol ;  the  latter  also  bv  digesting  the  aqueous 
solution  with  carbonate  of  barium,  whereby  the  chloride  of  calcium  isdowly  decom- 
posed and  converted  into  carbonate ;  the  same  decomposition  may  be  more  quicklT 
effected  hj  adding  baiyta-water,  and  then  paanng  carbonic  add  gas  into  the  liquia. 
Digestion  with  carbonate  of  barium  also  precipitates  the  aluminium  and  iron  in  the 
form  of  sesquioxides.  Lead  and  copper  may  be  precipitated  by  adding  to  the  solution 
a  small  quantity  of  sulphide  of  banum. 

Chloride  of  barium  crystallises  from  its  aqueous  solution  in  transparent,  colourless, 
four-sided  tables,  belonging  to  the  trimetric  or  right  prismatic  system.  The  form  of 
the  crystals  resembles  that  of  heavy  spar.  The  angles  are  oo  P  :  oa  P  »  93^  20' ; 
oP !  ^  1^  00  »  142^  35';  dPiJttco  »  U(P 67'.  The  crystals  decrepitate  in  the  fire. 
Their  specific  navity  is  2'66(f  ilhol) ;  cubical  expansion  from  0^  to.lOO^  C.  »  0*00987 
(Joule  and  PI  a  vf air).  Taej  have  an  unpleasant^  bitter,  and  sharply  saline  taste, 
eicite  nausea,  and  are  highly  poisonous. 

100  pts.  of  water  at  OP  C.  dissolve  32*62  pts.  of  anhydrous  chloride  of  barium*  and 
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pti.  fiTrEveiTdcgmaboTsCl°C.;  100  pts.  of  nCer  at  IS-6  dinolro  13  J,  an 
,  78  pto.  of  tos  dTatalluad  chloride  (Qaj-LuBiae).  On*  pt  of  erj^taJl 
>•  of  barium  diisolva  at  1S'1°  in  2-297  pU.  of  vater,  fomitig  a  aotalia 
I  pBvity  1-28211  (Karstan).  Spaciflc  gnntj  of  a  Mtnnted  Kilaliai 
-270  (Anthon).  "Vftla  addnlated  with  fajdrocUorie  acid  diaaolTea  ka>  t 
iter,  and  coTumtnted  oqaeoiu  h^droehlorie  add  hardfy  any ;  ao  that  a  ■ 
■olutioD  in  nlBT  is  predpiUlcd  bj  it.  Hot  abaolatfl  ■leobol  diaaolna  < 
f  the  crystals,  but  b         ''  '"        "  '  "         '        <■--■>--- 


Ch.  Pharm.  lii.  117),  one  pt  of  the  aalt  diasolTea  in  8108  pta,  of  ileiAc 
ar  cent,  at  11°  C,  and  in  48S7  pta.  of  the  aame  alcohol  at  the  bMUng  heat. 
eiTatalsdoDotefflonacein  thoair:  at  100°  C.  tiurr  pre  off  lite  «h(Jeof  1 
leaving  the  anhjdrom  chloride  in  the  fonn  of  a  vhite  inasa,  vhidi  ntelu 
1  heat,  and  ia  tTuulueeot  after  aolidification.  Spedfle  sraTitjr  of  the  aDhTd 
le-3-7037  (Ktrnten),  3'8  (Riehter),3'8fl to*-l«(PoL  BonllajJ.  He 
elf  it  doee  not  becmne  alkaline  till  after  fiuion ;  but  when  beatvd  in  aqo 
',  it  becomes  alkaline  belor  the  melting  joint,  and  erolvea  hTdrocbloric  i 
lition  with  mlphni  it  ii  paillir  dianged  into  anlphide  of  bannm  (Karat 
ot  decompoHed.  at  ordinary  tempentoreB.  by  Taponr  of  aohydlDOa  anlphiirie  i 
lins  to  H.  WoTti,  it  completely  dnximposea  gilicatea  when  fond  with  thvm. 
Hide  of  barinm  in  the  state  itf  concentrated  solntion,  is  dacompoaed  In-  nil 
usinm  or  ■odiom,  yieldiuK  nitnta  of  barium  and  a  chloride  of  the  alkalt-in 
OS  a  oyslsllbe  eompoui^  with  gljeocol.  Blood  miud  with  it  ranaina 
«s  not  potie^. 
chief  use  of  chloride  of  barinm  ia  ai  a  j-trnmii-jl  reagent,  e^wcially  tat 
on  and  estimation  of  mlphiiric  actd. 
BZim,  CTAKXDa  or.     See  CranDiS. 

KXDIC,  SBTSOnOX  AVS  ■■TIIKA.TXOV  OT.  I.  Btaetiont 
•y  way.^  Bariian.mmpoiind»,  heated  in  the  inner  blowpipe  flame,  cokMf 
lame  green.  Tbey  likewise  impart  a  green  colonr  to  the  flame  of  alodial, 
this  flame  is  examined  with  a  prism  by  Bnnsen  and  Kirchhoffa  method 
nt,  iHOKOAinc,  p.  211,  and  laawi).  a  spectram  is  eeeo,  haTins  seTciaJ  b 
tiands,  in  the  nei^bourhood  of  Fmonhofer'e  line*  b,  E,  %  bright  yellow  ) 
lent  with  the  line  D,  a  bright  orange  band  inst  beyond  it,  and  two  &i 
-red  bands,  one  of  which  nearly  coincide*  with  the  lina  C. 
ctiont  in  lit  wtt  nay.— The  hydrate,  sulphide,  chloride  nitiata,  and  n 
!  Balte  of  barinm,  the  acetate,  for  example,  are  aolnbla  in  wat<r ;  moat  of 
■alts  are  insaluble  in  water,  but  wtuble  in  nitric  and  bydroehloric  acid : 
te  and  the  silicoflnoride  are  insoluble  in  all  adds.  All  barinm^Mmpoonda 
MS,  excepting  those  which,  like  the  chnimate.  contain  a  ooloomd  acid. 
I  aalta  of  barium  are  poiaonona  Solution  of  potaak  (fVve  from  carimuite),  fc 
pitate  of  hydrate  of  bannm,  only  in  very  concentrated  solotions  of  bariniD-M 
1(9  fonns  no  precipitate,  even  in  the  mo«t  concentrated  solntioos.  Alkalnt 
I  form  a  white  precipitate  of  carbonate  of  liarium.  aolnbt^  with  eflkireaaeBci 
hloric  acid.  Phatpiale,  arteiutee,  borate,  and  iodalt  of  todlian,  aba  Ibrm  p«i 
loluble  in  ^dda.  PV«  oxalic  acid,  or  acid  oxalalt  of  pnUutiam,  preapit 
I  of  barium,  only  from  very  concentrated  solutions ;  nentral  alk^ine  oxal 
.  precipitate  in  all  neutral  sotutions  of  barium-ealta,  which  an  not  very  dj] 
I  aOadine  tuorinatet  precipitate  barinm-salls  qnickly  or  ilowly,  aooordiii| 


icentratton  of  the  solutiona.  Ferroeyiaiidt  of  potauimn  fonas  a  pn>cipitat 
Ltely  dilute  solutions ;  ferricyamdt  only  in  strong  solntiona.  Bulplydric  ■ 
U  of  anmoniunt,  and  pnvUnrie  acid,  fcna  no  prerapitates.  Sitijrkiirie  add 
tvlpkattt,  throw  down  sulphate  of  barium,  from  all  solutJons  of  bniiun-« 
IT  neutral  or  acid.  The  precipitate  is  insoluble  in  nitric  or  hydrochloric  i 
it  the  boiling  beat,  A  solution  of  nitrate  of  barium,  eontainiog  osily  1 
rta  in  60,000  (o  100,000  pte.  of  water,  gives  a  v«iy  distinct  dnuiUneas  i 
ric  acid  or  sulphate  of  sodium;  with  200,000  to  400.000  pta.  of  water,  ■ 
linntea  only ;  sud  with  800,000  pta,  of  water,  the  reaction  ia  no  lon^M  viei 
signs,  J.  Chim.  mid.  viii.  G2S.)  According  to  Barting  (J.  pr.  Uiem.  i 
solution  of  chloride  of  barinm  containing!  pt  of  baiytain  71,000  pta.of  «i 
■s  turbid  with  sulphate  of  sodium  after  the  lapae  of  half  an  hour.  Alka 
xlet  form  with  barium-aalta,  a  yellowish  precipitate  of  ebromate  of  barium. 

in  dilute  adds,  soluble  only  in  a  large  excess  of  nibic  add,  Hgdro/ltati 
rms  with  berium-saJta,  afler  a  while,  a  white  cryatallilM  predpitate,  ooailj 

in  nitric  or  hydrochloric  add.    This  reaction  wiU  detect  I  pt.  of  the  chla 
)  pta.  of  water.     The  predpitation  is  accel'rated  by  additaoD  of  aleoboL 
.  fact  leaeiion  affbrds  a  eomplMe  distinction  between  barioM  and  strentii 
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tho  latter  metAl  not  being  precipitated  by  hydioflnosilido  Mid.  The  reaction  with 
Mitpiiurir  ftcid  distingaiihee  tnuiam  in  solntion  from  all  other  metala,  except  lead  and 
etrontium.  From  Ittd  it  is  easily  distingoiihed  by  its  behayionr  with  solphnretted 
h\  dro^en,  which  foims  a  black  precipitate  with  lead,  and  by  many  other  cnaracters. 
Strontium  and  addom  are  diatingoiahed  from  bariiim  by  the  greater  solubility  of  their 
aulphataa,  so  that  a  eolation  of  sulphate  of  atrontium,  or  -calcium,  added  to  a  soluble 
barium-siilti  forms  a  precipitate  of  sulphate  of  barium.  Another  distinction  is  afforded 
hy  tlie  colour  imparted  to  the  flame  of  alcohol  by  the  compounds  of  these  two  metals, 
Viarium-compounds  colouring  the  flame  pale  green  (p.  600),  while  strontium  compounds 
r<>K»iir  it  deep  red.  The  tabular  crystals  of  chloride  of  barium,  which  are  nearly  in- 
soluble in  alcohol,  likewise  afford  a  means  of  distinguishinff  barium  from  strontium 
and  calcium,  the  chlorides  of  which  form  hygroscopic  neeoQe-shaped  crystals,  easily 
Boluble  in  aloohoL 

8.  Quantitative  Estimation. — Barium  is  always  estimated  in  the  form  of 
■ulphatei  Thepree^taticm  is  effected  by  means  of  dilute  sulphuric  add.  The  acid 
niuet  be  added  in  ezoese,  and  to  a  hot  solution  of  the  barium-Mlt ;  otherwise  a  small 
quantity  of  the  original  salt)  especiaUy  if  it  be  nitrate,  irill  be  thrown  down  undecom- 
posed  together  with  the  sulphate.  The  predpitate  is  washed  with  hot  water,  ignited 
at  a  moderate  heat,  toother  with  the  filter,  and  the  amount  of  barium  or  of  baryta 
calculated  from  its  weight  100  pts.  of  it  correspond  to  68*78  pts.  of  barium,  and 
66-64  of  baryta. 

This  mode  of  estimating  barium  is  yery  exact ;  but  the  precipitate^  unless  certain 
precautions  are  taken,  is  yeiy  troublesome  to  filter,  sometimes  passiiig  through  as  a 
milky  liquid,  and  sometimes  completely  stopping  up  the  pores  of  the  paper.  To  aToid 
tlieee  inconvenienciee,  the  liquid  must  be  heated,  and  the  predpitate  allowed  to  settle 
down  completely,  before  the  filtration  is  commenced.  The  dear  liquid  is  then  to  be 
poAscd  through  the  filter,  the  precipitate  stirred  up  with  boiling  water,  and  again  left 
to  settle  down,  this  dear  liquid  also  poured  through  the  filter,  and  the  same  process 
repeated  three  or  four  times.  The  result  of  this  treatment  is  to  render  the  predpitate 
dense  and  granular ;  it  may  then  be  poured  on  the  filter,  and  washed  with  hot  water 
as  abore-mentioned. 

Recent  experiments  have  shown  that  sulphate  of  barium  is  soluble  to  a  perceptible 
extent  in  strong  hydrochloric,  and  still  more  in  nitric  acid  (Calyert)  Chem.  Ghus. 
1856,  66.— Nicholson  and  Price,  PhiL  Hag.  [4]  xi.  169. — Noad,  ChenL  Soc.  Qu. 
J.  Ix.  26).  Aocordinff  to  Seigle  (J.  pr.  Chem.  Ixix.  144),  it  is  also  slightly  soluble 
in  dilute  adds,  but  less  in  acetic  than  in  hydrochloric  or  nitric  add.  Care  must 
therefore  be  taken  that  the  liquid,  from  which  the  sulphate  of  barium  is  precipitated, 
does  not  contain  too  much  free  add;  and  it  must  oe  washed  with  pure,  not  with 
acidulated  water. 

Barium  may  alK>  be  estimated  as  carbonate;  but  the  method  is  less  accurate 
than  that  just  described,  because  carbonate  of  barium  is  not  completely  insoluble  is 
water. 

4.  Atomie  Weight  of  Barium.'^Th.t  most  exact  estimations  of  this  number  hare 
been  made  by  determining  the  amount  of  chloride  of  silrer  obtained  by  predpitating 
pure  chloride  of  barium  with  nitrate  of  silyer.  In  this  manner  Harignac  (Ann. 
Ch<.'m.  Pharm.  Ixriii.  216),  operating  on  chloride  of  barium  purified  by  washing  with 
alcohol,  recrystaUisation  from  water,  and  drying  at  a  low  red  heat,  found,  as  a  mean 


of  ffix  dosely  agreeing  experiments,  that  1  pt  of  silyer  corresponds  to  0*96866  pt  of 
Sa'Cl.    Henoa,  the  atomic  weight  of  silTer  being  108, 


wehaye: 


Atomic  weiffht  of  Ba'Cl  -  0*96366   x    108 
Whence  deducting  .         CI        .      . 

There  remains  Ba       .      . 


10407 
85-50 

68*67 


1  n  1  ike  manner  the  atomic  weight  of  monatomic  barium  was  estimated  byBeraelius 
(Schw.  J.  XX.  1014)  at  68*40,  and  by  Pelouze  (Compt.  rend.  xx.  1047)  at  68*66. 

T^'if.tly,  Dumas  (Ann.  Ch.  Phys.  fS]  Iv.  129),  by  numerous  experiments  made  with 
chloride  of  barium,  carefully  purified  and  fused  in  a  stream  of  hydrochloric  acid  gas, 
hiU!  obtained  results  rarying  between  the  limits  68-47  and  68*56 ;  mean  value  =  68*6, 
or  for  diatomic  barium,  Ba    ■=  187. 

Tlio  atooue  weight  of  bsrimn  has  likewise  been  estimated  from  the  amount  of 
salpliate  produced  from  a  given  weieht  of  chloride ;  but  the  results  do  not  appear  to 
be  so  trustworthy  as  those  obtained  by  the  method  above  described. 

6.  Separation  of  Barium/rom  other  metals, — The  predpitation  of  barium 
by  sulphuric  add  affords  the  means  of  separating  it  from  all  other  elements  excepting 
strantium,  caldum  and  lead.  From  strontium  and  eakium  it  may  be  separated  by 
Kydroiluosilidc  add,  which  throws  down  a  crystalline  predpitate  of  silicofluoride  of 
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BARIUM  :  IODIDE—OXIDE. 

SiF*.  This  pradpit&t«  ii  ■omswhat  wlDble  in  wktsr.  but  Ui^  npsn 
red  complete  b?  vlding  alcahol  gind  wanning  the  liqnid:  from  di 
k«  HmB  tima  to  uUle  down.  It  mtut  be  colleetad  oa  a  wsighed  II 
lerate  h«at.  and  weight^  100  pU.  of  it  corrnpond  to  4901  of  bai 
nryta.  For  othsr  mathoda  of  »paiation.  see  Calciiiii  and  STBoim 
ion  of  Uad  from  bariuin  it  caailj  eSBCted  bj  niphjdrit  acid,  whirb 
sad  aa  aulphide. 

;  TJiVOMiam  or.  BaT*.— Obtained  b7  nentrsliein^  barjrta-* 
>ric  acid,  bj  digniting  the  recentl;  precipitalsd  arbonata  id  that  b<ic 
ig  nitrate  of  barinm  with  fluoride  of  putawium  or  aodivm.  It  in  n  <r 
hen  obtained  by  eTapomting  the  ncid  aolntion,  a  granular  OTHliil 
leolnbla  in  water,  but  diuolTea  eaailj  in  nitdc,  hTdrochloric,  or  lit 

barium  unitM  with  the  flaoridaa  of  boniii  and  ftilicOD,  fonning  the  t 
.SBE'  and  BaT'.SiF'.  The  latter  ia  neMly  inaolnble  in  water. 
I  leparHition  of  barinm  from  atioDtium  and  caldnm.  p.  MS  (ue  B- 
1  SiLicuFLDOBiDio).  It  also  fonns  a  QTBtallinfl  compound  with  chin 
Cl'.Ba'F".  which  it  producini  on  miiing  a  aolntion  of  fluoride  of  pottos 
•odium  with  chloride  of  bnrinm.  Tbia  cumponnd  ie  more  aolobltt  i 
elf,  and  remiuna  aa  a  gmnnlar  maaa  whan  the  K^ntion  ia  eraporati-c 
,  lOSZOS  OV.  Ba'I'.^Formed  whan  hjdriodic  add  gas  ii  pa: 
a  red  heat,  the  eombinatioa  beuu  attended  with  prodaetion  of  tij 

of  barium  diuolred  in  water  u  mixed  with  a  Hatuisted  alcoh 
tne  [iodine  without  the  alcohol  might  be  preferable],  aa  long  aa  a  ; 
ihuriB  formed  ;  the  coloorleaa  filtrate  is  boiled  ruiidlj  —  ao  aa  loprei 
lie  air— almost  to  drrDeia;  the  mass  ia  diaaalred  in  a  miall  qoantit 
ered  quicU^ ;  and  the  filtrate  ii  enparat#l  to  diyneaa  in  aa  ahm 
le  poeaible  in  a  glaaa  bolt-head.  {0.  Hen  r;.) 
jng  the  msM  in  hot  water  and  leaving  the  Ba}nIioD  to  cool,  the  bj6ii 
^  in  Blender  deliqueaceot  needles  containing,  according  t«  Croft  (Ch 

126),   Ba"I'.7H«0 ;  thaj  diaaoWe  readily  in  alcohol.     H#«ted  out 
lir,  the;  lesTs  the  anhjdroui  lalt,  which  ia  not  decompoaad  hj  I 


dj  when  heated,  giTing  off  rapouia  of  iodina 

OXXSBB  OV>  Barium  fonna  two  oiidea,  a  protoxide.  BaO.  an 
iiide,  BaO' :  Che  flnt  prodaced  bj  the  direct  oxidation  of  the  metjJ 
:ain  of  ita  aalta ;  the  second,  hj  heating  tha  protoxide  to  doll  radnea 
tceaa  of  oij^ten. 

■  or  Babidii,  or  BA>TTA,Ba"0,  BatyUi,  Ttnra  pandtnia,  T 
rtrdt, — Barium  oiidiaea  lapidl;  in  the  air,  eTen  at  oidinaij  I 
when  heated,  bnmi  with  a  dark-red  light  and  ia  completelj  coDTei 
I  barjta.  Thii  oxide  ia  howeTer  more  nadilj  obtained  by  Igniring 
OEate  of  barium. 

,^  I.  Nitrate  of  barium  ia  heated  id  a  porcelain  crucible,  or  better  i 
rt,  till  it  ia  completelj  deeonipoaed,  and  DO  more  red  raponr  or 
n  off.  The  heat  should  be  moderate  at  flnt,  becauae  the  nitiat«  fi 
f  much;  but  lowaida  the  end  of  the  proceaa,  it  moat  be  raiaed  ta  bri 
le  heat  ia  too  loDg  oontinoed,  ths  bainfta  ia  apt  to  abaorb  otrboDic  i 
im  thefirc 

yenicDt  to  uae  a  pl«tinnin  crucible  in  thie  process,  beeaoM  baryta  atd 
sr  atroDgly  at  high  temperaturea,  and  if  a  Cornish  or  Hessian  cruc 
Htyta  become*  contaminated  with  ailica,  alumina,  ozida  of  inm.  i 
denTcd  from  the  crucible.  A  porcelain  reaael  is  attacked  in  tha  m 
[h  less  strongly,  and  the  baryta  prepared  in  it  always  ooatatna  n 
luDiina  and  sUica,  This  contamination,  and  likewise  the  incoureoie 
)e  frothing  of  the  mass,  may  be  obviated  in  some  cases  by  mixing 
ithei  more  than  ita  own  weight  of  pouQded  sulphate  of  bariam  (hn 
>  miitotc  doea  not  fine,  and  may  therefore  be  heated  in  an  eartJ 
It  attacking  it  (Hohr,  Ann.  Ch.  Fharm.  xxvii.  S7).  This  procen 
it  when  Che  baryta  ia  to  be  used  for  purpoaea  for  which  the  ptvaencr 
I  not  objedJonaSle,  as  for  preparing  baijla-water  or  the  hydrata, 
nail  scale,  baryta  may  be  conveniently  prepared  by  ignitioK  the  iod 
ch  readily  gives  up  all  it*  iodine  and  J  of  its  oxjften  without  tlui<a 
a  -  BaO  +  IK)*). — 8.  Carbonate  of  barium  axpoasd  to  the  ttrnn 
i-fire  is  coDverted  into  baryta  (Abich).  and  at  an  ordinary  white  lu 
iih  ^  of  ita  weight  of  liimp-black  Or  charcoal,  and  mad*  into  a  th 
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f'uot^"  with  ofl ;  the  mixtare  should  be  heated  in  an  earthen  craeible  lined  with  lamp- 
»Jack,  and  having  a  doee-fltting  oOver.  Baryta  is  prepared  hj  this  prooeas  on  the  laige 
ncide  from  Witnerite,  to  be  used  in  separating  dystallised  snpar  from  molasses 
(Leplay  and  Dnbrnnfant^  SilL  Am.  J.Ts]  xtL  276).  Baryta  is  also  prepared  on 
the  Urge  scale  by  igniting  a  mixture  of  tne  carbonates  of  barinm  and  **it1wTim  in  ^ 
nirreot  of  aqneons  vapour.    (Jacquelain,  Compt  rend,  xxxii  877.) 

Properties, — Qreyish-white,  friable  mass,  of  specific  grarity  4*7  (tCarsten);  6'6i. 
(Filhol).  It  is  strongly  alkaline,  caustic^  and  poisonous.  It  melts  only  at  the 
Btrofigest  heal  of  a  foxge-flre,  or  in  the  flame  of  the  oxyhydrogen  blowpipe,  forming  a 
lead-grey  slag.  It  is  a  non-oonductor  of  electricity,  but  may  be  deoompoeed  by  the 
electric  current*  with  the  interrention  of  mercury,  yielding  banum  and  oxygen  (p.  660). 
Potassium  deoxidises  it  at  a  red  heat  Heated  in  Taponr  of  sulphide  of  caroon,  it  forms 
carbonate  and  sulphide  of  barium : 

SBa^O  •!•  C8>  »  CO'Ba'  -i-  2Ba<a 

With  water  it  forms  a  hydrate  (see  below).  It  unites  with  alcohol  and  wood- 
spirit,  forming  the  compounds  Ba*0.2C*H«0  and  Ba'0.2CHK).  It  dissolves  readily 
in  dilute  nitric  and  hydrochloric  add,  and  in  some  other  acids;  with  manyadds^ 
it  forms  insoluble  salts.  When  vapour  of  sulphuric  anhydride  is  passed  over  baryta, 
heated  to  low  redness  in  a  glass  tube,  combination  takes  place  attended  with  inean- 
doBcence,  and  sulphate  of  barium,  SO^Ba',  is  produced. 

OxiDB  07  Barium  and  Htdboobk;  Htdbatb  of  Babiuk,  BaTHK)*  or 
Ba^O J[K).  HjfdraU  of  Baryta,  Cauttie  Baryta,  Hydrated  atids ^Barmm.—Torm9d, 
by  the  action  of  water  on  anhydrous  baryta  TBa'O  +  EH>  -  Ba'ISK)*).  When  anhy- 
drous baryta  is  sprinkled  with  water,  the  hyoration  takes  place,  with  great  evolution  of 
heat  and  expansion  of  Tolume.  Anhydrous  baryta  also  rapidly  absorbs  water  from  the 
air.  The  hydrate  ia  usually  prepared  by  heating  a  solution  of  sulphide  of  barium  (ob- 
tained by  igniting  the  native  sulphate  with  coal  or  charcoal)  with  oxide  of  copper,  till 
a  filtered  portion  of  the  liquid  gives  a  white  instead  of  a  black  predpitate  wita  lead- 
Milta. — Another  mode  of  preparation  is  to  decompose  the  nitrate  of  barium  with 
caustic  soda.  A  solution  of  soda  of  specific  gravity  1*10  to  1*15,  whose  strength  has 
been  previously  determined,  is  mixed  with  an  equivalent  quantity  of  finely  pounded 
nitrate  of  barium,  ^e  liquid  being  kept  in  a  state  of  ebullition,  and  water  being  added 
fVom  time  to  time  in  small  portions  to  facilitate  the  solution  of  the  nitrate ;  and  when 
the  whole  is  dissolyed,  the  boiling  liquid  is  rapidly  filtered,  if  necessary,  through  a 
folded  filter  into  a  bottle  which  can  be  well  dosea.  On  cooling;  it  depofdts  an  abundant 
?rop  of  crystals  of  the  hydrate,  which  may  be  fr«ed  from  the  mother-Uquor  by  draining, 
:>r  better  by  means  of  a  oentriftigal  machine.  The  crystals  retain  but  a  very  smul 
quantity  of  nitrate, and  may  be  freed  from  it  by  reaystallisation.  Chloride  of  barium 
nay  alao  be  used  in  this  preparation,  instead  of  the  nitrate,  but  the  presence  of  small 
pian titles  of  chloride  of  sodium  in  the  product  is  more  likely  to  be  detrimental  in  the 
i^«<  of  the  baxTta,  than  that  of  the  nitrate.    (Hohr,  Arch.  Pharm.  [2]  Iscxviii.  38.) 

Hydrate  of  barium  crystallises  from  its  aqueous  solution  in  transparent,  colourless, 
bur  or  six  sided  pnsmswith  four-sided  summits.  They  contain  8  at.  water:  Ba"H'0' 
IH'O;  dissolye  in  20  pts.  of  water  at  16^  C.  and  in  2  pts.  of  boiling  water.  The 
x)ijeous  solution,  Bar]^ta- water,  has  a  strong  alkaline  reaction,  is  highly  caustic,  and 
apidly  absorbs  carbonic  add  from  the  air,  forming  a  film  of  carbonate  on  the  surface. 
The  crystals  are  efBoresoent,  and  in  vacuo  over  oil  of  vitriol  giye  off  {  of  their  water 
•f  crystallisation,  leaving  Ba'^K)*.HK).  At  100^  C.  they  melt,  giving  off  1  at.  water, 
>nd  at  a  red  heat  the  remainder  of  the  water  of  crystallisation  is  given  off,  leaving 
he  pure  hydrate  BaTKH)*  (Bloxam,  Chem.  Soc  Qu.  J.  xiii.  49).  This,  when  heated 
lone,  is  not  reduced  to  anhydrous  baryta  below  a  red  heat,  but  when  heated  in  a 
tream  of  carbonic  anhydride  it  is  easUy  converted  into  carbonate  of  barium,  with 
limi nation  of  water: 

Ba1P0«  +  CO*  -  CO«Ba'  +  HK). 

[eatad  in  a  eunent  of  air,  it  takes  up  oxygen  and  is  converted  into  peroxide  of 
arinin,  also  with  elimination  of  water.    (Boussingfault.) 

Ba*H«0*  +  0  -  BaO«  +  HK). 

Hydrate  of  barium  is  extensivdy  used  as  a  chemical  reagent,  vis.  for  the  estimation 
f  carbonic  add,  for  predpitating  metiillic  oxides,  and  especially  for  separating  mag- 
eeia  from  the  alkalis. 

Pb  BOX  inn  of  Babivx,  BaO*. — ^Produced  by  heating  anhydrous  baryta 
r  hydrate  of  barium  to  low  redness  in  a  current  of  pure  oxygen,  or  of  air  free 
■om  carbonic  add.  Pure  anhydrous  baryta  absorbs  oxygen  with  facility ;  the  hy- 
rate  less  readily,  because  it  mdts  at  the  temperature  required  for  the  absorption : 
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the  abarapdoD  ma;  howerer  b«  rendered  rapid  by  mixmg  tlia  bTdnta  of  baaiB 
lime  and  migntaia  in  nffleient  qnantitj  b>  pnTsot  fiuion,  and  keeping  tli«  — *- 
poroiu  itatat  ao  ttiat  the  oijgea  may  penetrata  it  thoaraablj-  Pncndde  o(  ba 
iniiy  (lao  be  produced  by  ipruikling  red>Iiot  baijta  with  Iwu  tnnoa  ill  vbkI 
pounded  ehlonta  of  potauiiim  in  loecetsiTe  nnall  poitioiia.  Ohlorida  of  potawti 
formed  at  the  aame  time,  and  on  washing  oat  thii  aalt  with  watar,  Uie  pen 
remaint  in  tlw  Ibrm  of  a  hjdiatcL 

Farozida  of  barium  ii  a  grey  powder,  lomewhat  mote  fbiibLe  than  aahjdioai  be 
At  a  itiocg  lad  heat,  it  eTolvea  ongen  and  ii  conTurtad  into  bant*,  and  when  ti 
of  wat«riipaMedDTer  it  at  ■  rod  heat,  it  likewise  giveg  i^  half  its  exjgeo  and  is 
Terted  into  hjdratc  of  barioia.  The  abeonttion  ef  oxygen  by  hjdnte  of  bariim 
red  beat,  and  ita  sabsequent  erolntion  when  the  remuting  paroiide  i*  heat  ad 
atrsam  of  aqaeoos  t^xjut,  has  been  proposed  by  (BoDiiiDgasIt,  Aan.  Oi.  '■ 
[3]  zxx.  e)  aa  a  meana  of  estractiog  aijgen  from  the  air  »  a  eontinaov*  pn 
Hydnte  of  barium  mixed  with  lime  and  magnesia,  as  abore  deacribad,  ia  heaiet 
porcelain  tabe  tbrongh  which  a  eoirent  of  air  prerionaly  fiaad  from  earfaomo  • 
drawn  by  an  aapirator  :  and  ai  soon  as  the  conTcraion  of  the  hjdralo  ioto  poox 
complete,  the  current  of  air  ia  stjipped,  the  tempentnre  ia  tsiaed,  aod  Ttpoat  at 
in  passed  through  the  tube  as  long  as  oxygen  continnfa  to  be  gim  ett.  Anby 
biiyta  DMT  also  be  used  instead  ot  Ibe  hydrate,  bein^  flnt  eonmted  into  psozi 
aboVe,  and  the  peroxide  then  decomposed  by  T"->'"g  it  to  bri^t  ladacsa  vi 
passing  aqueona  Taponr  over  it :  bat  the  l«mperatwe  leqoired  fbr  thil  ^^i-HWr" 
IB  mudi  hi^er;and  moieoTa  if  the  buTta  contains  nnall  qnantitiea  of  aiUo 
alumina,  which  is  ^ten  the  «ase,  it  cakea  into  a  Tmy  hard  ma«  after  ftaqunttsi 
to  a  high  tempentimv  and  will  then  no  longer  absorb  oxygen  with  beility. 

Fentiide  of  barium  is  readily  decompoaed  by  carbcm.  phosphonis,  snlpliiii 
drogsn,  and  the  metals,  at  a  rod  heat,  and  by  snlphydric.  acid  at  ordinair  tempvia 
Htated  over  a  large  ipirit-lomp  in  a  i^id  ccifent  of  carbonic  oxidr,  it  becomes  i 
hot,  and  at  the  same  time  small  white  flamee  barot  ont  from  its  snr&c^  jov 
arising  from  the  evalation  of  oxygen  from  the  still  nndeoompoeed  peroxide.  A  n 
but  more  brilliant  aj^iearance  in  presented  when  the  peroxide  ia  heated  ia  sal|ifa 
anhydride  (Wahler,  Ann.  Ch.Fhana.lxxxvtiL  12S).  In  contact  with  stroi»aiil] 
Kcii,  it  girea  off  oxygen  at  codinoiy  lemperatnrea  or  when  gently  h^ted.  It  tin 
|>eratiire  of  the  mixture  does  not  eicred  £0°  or  60°  C,  part  of  the  oojgeu  ia  f 
in  the  form  of  otone ;  bnt  above  70°  C.  nothing  bat  ordinary  oxygen  is  erolred. 

Penixide  of  barium  thrown  intD  water  diffuses  itself  tbrough  the  liquid  and  & 
hydrate,  probably  containing  BaO'.SH'O.  The  same  hydrate  is  iireci[ntated  lE 
tiilliiie  scales  when  piTDiMe  of  hydrogen  is  added  to  strong  bHiytB-'water ; 
slightly  soluble  in  coJU  water,  but  decomposea  at  the  boiling  heat,  yielding  frea  q 
and  hydrate  of  bariam. 

Both  the  anhydrous  peroxide  and  the  hydrate  dissolve  in  excess  of  water  addi 
with  hydrochloric  acid,  forming  chloride  of  bariam  and  peroxide  of  hydrogen,  wi 
•Tolutiou  of  oxygen :  BoO*  +  2HC1  ^  BaQ'  -f  H*0*.  When  the  peroxide  is  i 
with  acidulated  wslar  in  preaence  of  oxide  of  silrsr,  paioxida  of  mansaneae,  pel 
of  lead.  &0.,  oxygen  is  sTolTsd,  both  from  the  peroxide  of  barium  and  tram  the 
oxide,  so  that  the  pt-mxide  of  barium  here  acta  as  a  ledueitig  agent  (aaa  Cmi 
ArpuctTT  and  Pbeoiuii  or  HiDBoamr).  Oxide,  chloride,  sulphate,  or  eaitxini 
silver,  introduced  into  an  acid  solution  of  peroiido  of  barium,  is  partly  rwine 
meullic  silver,  the  quantity  thus  reduced  being,  however,  alwavi  less  than  ttiat ' 
is  equivalent  to  ha^  the  oxygen  in  the  peroxide  of  barium  (baO.O).  The  a-ai 
reduced  iucreaoee  with  the  omouat  ot  silver-salt  preaent,  and  diminiohea  aa  tbe 
prrature  is  higher.  A  small  qoonti^  of  the  silverHMmpound,  or  of  any  atinilar 
Stance,  is  capable  of  decomposing  a  large  i^aautity  of  peroxide  of  bariam.  lodil 
the  other  hand,  decomposes  an  exactly  eqnivalent  qnantity  :  BaO*  -l-  I*  —  B&P 
(Brodje,  Phil.  Trans.  1S50,  769.) 

MASnTXC,  OXTaMV-SAKTB  Or.  The  general  charactan  and  reaetioE 
deaeribed  ut  p.  £03.    For  the  special  dascnptiona,  see  tbe  ssvaral  AoBS. 

BASZms,  OXWUtn^fMXOMB  or.  A  solution  of  snlphids  of  barinm  in 
ing  water,  left  lo  stand  iu  a  close  veasel,  first  deposits  crystals  of  hydrate  of  be 
and  the  liquid  decanted  therefrom  yields  scaly  ciystala,  whose  eompoaitioo  ia  i 
expressed  by  ihe  formula  Ba'S'O'.MH'O,  and  afterwsids  gianolar  crvatala,  eons 
«f  Bs*SO,  1 OHK).  A  modentaly  coaoantzatad  solution  of  the  snlpbide  depoaiu, 
about,  two  months,  large  transparent  tabolar  eryttala,  harisg  the  form  of  a  bexs 
dodecahAdron.  with  tmoeatad  snnunita,  and  eontaiung  BaW).2BH*0  or  BaO.l 
+  3(Bs8.QH'0)(H.Bose).  These  oxynlphides  are  very  aanly  dManoMible. 
resulved  by  hot  water  into  hydrate  and  snlphydrata  of  bBrium,  of  wfaji^  pa 
thsy  are  merely  mixtorea. 
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BaF*f — ^When  Taponr  of  phoeplionifl  is  paased 
rer  nd-hot  bafTte,  a  brownish-red  miztnrs  of  phosphide  sod  pho8|diste  of  bcffivm  is 
btaioed,  oommonlj  called  pkotphmrtt  qf  baryta,  the  leaction  pechaps  taking  place  in 
le  manner  represcntsd  by  Uie  equation : 

SBaO  -t-  12P  -  6BaP>  -i-  FK)"Ba*. 

t  is  decomposed  by  vater,  fdrming  a  solution  of  hypophosphite  of  barium,  and 
iving  off  a  mistsfe  of  spontaneously  inflammable  phoephoietted  hydzpgen  gas  and 
hydiogen. 


or.  Ba'Se.— Produced  by  exposing  selenite  of  barium 
>  a  red  heat  in  contact  with  hydrogen  gas  or  finely  diyided  duwooal  (lamp-black^« 
t  in  soluble  in  water,  but  decomposes  at  the  same  time,  like  the  monosuiphide,  yield- 
ig  hydrate  of  barium,  and  a  higher  selenide  of  barium,  the  solution  of  which  is  de- 
Dmposed  by  acids,  with  erolution  of  selenhydric  acid  and  precipitation  of  selenium. 


The  protosulphide,  Ba'8,  is  obtained  by 
Assing  sulphjfdric  add  or  Taponr  of  sulphide  of  carbon  oyer  red-hot  baryta, 
r  by  reducing  pulrerised  sulphate  of  barium  in  a  stream  of  hydrogen  or  carburetted 
ly  drogen.  Eitner  of  these  processes  yields  a  Teiy  pure  product ;  but  for  preparation 
D  the  lazger  scale,  the  natiye  sulphate  of  barium  is  heated  to  bright  rednees  with 
ttrbonaceons  matter.  If  charcoal  is  used,  it  must  be  thoroughly  well  inooiporated 
rith  the  heary  spar,  otherwise  the  reduction  will  be  imperfect,  as  no  fhsion  takes 
»Uce.  The  a&iizture  of  resin,  oil,  or  starch  is  adTantaseous,  to  bind  the  mass  toge- 
her  and  produce  partial  fusion ;  but  a  much  better  metaod  is  to  mix  the  powdered 
ulphate  with  sbout }  of  its  weight  of  bituminous  coal,  and  heat  the  mixture  in  a 
rucible  to  fall  redness  for  an  hour ;  the  tarry  matter  of  the  coal  then  penetrates 
lioronghly  into  the  mass,  so  that  ereiy  particle  of  the  sulphate  comes  well  m  contact 
rith  the  raducing  matter. 

The  maas  thus  obtained  consists  of  sulphide  of  barium  mixed  with  excess  of  car* 
K>naceou8  matter  and  undecomposed  sulphate ;  the  sulphide  of  barium  may  be  ex- 
racted  by  treating  the  mass  with  a  sufficient  quantity  of  hot  water,  and  crystallised. 
Inother  method  is  to  ignite  a  mixture  of  100  pts.  heavy  spar,  200  common  salt,  and 
5  pts.  charcoalpowder  in  a  rererberatoiy  furnace,  and  extract  the  sulphide  of  barium 
>y  hot  water.  The  use  of  the  chloride  of  sodium  is  to  promote  fusion.  (Kucsinski, 
Cejiertory  of  Patent  Inyentions,  1886,  p.  161.) 

Pure  sulphide  of  barium  is  a  white  mass,  baring  a  hepatic  odour  and  alkaline  taste^ 
iid  easily  soluble  in  water.  Exposed  to  the  air,  it  absorbs  water  and  carbonic  acid, 
.od  is  eouTerted  into  carbonate,  with  evolution  of  sulphuretted  hydrogen.  When 
leated  in  the  air,  it  oxidises  but  slowly,  but  when  heated  to  rednees  in  an  atmosphere 
•f  aqueous  yaponr,  it  is  oonyerted  into  sulphate  of  barium,  with  elimination  of  hydrogen. 

Sulphide  of  barium  dissolyed  in  water  lb  aasily  decomposed  by  boiling  with  oxiA  of 
ojyper,  oxide  df  trpn,  ^'c,  forming  hydrate  of  barium  and  sulphide  of  copper,  && 
li/drocUorie,  wUric^  carbonic  aeid^  ^e.  decompose  it,  eliminating  sulphuretted  hydrogen, 
od  forming  chloride,  nitrate,  &c  of  barium.  Chlorine,  bromine  and  iodine  decompose 
U  with  formation  of  the  ooiresponding  salts  and  deposition  of  sulphur.  Sulphide  of 
>:irium  is  indeed  the  material  most  generally  used  for  preparing  the  other  compounds 
f  barium.  ^  ^  ^       • 

A  mixture  of  sulphide  of  barium  with  the  sulphate,  such  as  is  obtained  by  igniting 
he  sulphate  with  an  insufficient  quantity  of  carbonaceous  matter  (gum-txagacantA 
nsu'ers  well,  because  it  forms  a  paste  wi&  the  heayy  spar),  acquires  by  exposure  to 
he  ftuQ*s  rays  the  property  of  shining  in  the  dark:  it  is  called  the  Bcio^nian  phoB' 
horus. 

With  water,  protosulphide  of  barium  forms  hydrate  and  sulphydrate  of  barium: 

2Ba''S  +  2HH)  -  Ba'^'O"  +  Ba'^«S». 

The  quantity  thus  decomposed  yaries  with  the  quantity  and  temperature  of  t]i# 
rater.  When  crude  sulphide  of  barium,  prepared  by  igniting  the  sulphate  witk 
arbonaoeouB  matter,  is  treated  nine  times  in  succession  with  a  quantity  of  cold 
rater  lees  than  sufficient  to  dissolye  the  whole,  the  mass  being  digested  for  twenty* 
:>iir  hours  each  time  in  a  closed  yeasel,  the  first  two  solutions  obtained  are  of  a 
lale  yellow  colour;  yield  a  laige  quantity  of  sulphuretted  hydrogen  and  a  pre- 
ipitate  of  sulphur,  when  treated  with  hydrochloric  acid;  and  form  with  chloride 
f  manganese,  a  fiesh-coloured  precipitate  of  sulphide  of  manganese  mixed  with  ftee 
ulphur,  sulphuretted  hydrogen  oeing likewira  evolved:  hence  these  solutions  contain 
iilphydrate  of  barium  (BaH*S«)  tof^er  with  a  polvsulphide  of  barium.  The  third 
oltttion  behaves  like  a  solution  of  protoeulphide  of  barium  containing  a  slight  excess 
.t    i.ulphurettcd  hydrogen.    The  fourth  is  of  the  same  character,  but  contains  a 
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eieasa  of  buvt*.    Thii  ez<:Ma  boib  od  eoutiinullT  incm 

ereuth  lolutiona :  and  the  eiffith  uid  ninth  beliBTa  like  pore  bM7t>-i 
ng  with  chloride  of  mongBnaie  a  vhite  praeiiutato  of  nunginonl  olide.  I 
^phide  ifl  at  once  treated  vith  ■  qiuujtity  of  waUr  mtiiaent  to  dian>lT 

of  the  Eolphide,  the  solatioa  exhibits  the  charaeten  of  the  ^dm  pK<oaii}p 
r  however  be  a  miiture  of  hydrate  and  nilph;dr)ite  of  barinm  (see  the  i 
on).  A  solution  of  nilphide  of  barium  in  not  too  large  a  qoantitf  of  i 
br  some  years  in  a  stoppered  bottle,  deposita,  flnt  arjM^  of  hjdnte  of  ba 
kbIm  which  are  a  mixture  of  ciystaUiwd  hjdratf  of  bannm  and  the  hyd 
nlphide  (BeTB-SHK)),  and  afterwards  double  sii-aided  pyrunida  ooDtainin 
suWances,  bnt  mnch  richer  in  anlphide  of  barinm.  The  motfier-liqair  I 
in  a  retort,  avalvea  a  rondnaoas  current  of  solptniretted  hydrogen,  aoa  on  o 
its  hydrated  Bolphide  of  barinm  in  the  form  of  a  white  powder,  while  nJpli 
n  and  hydrogen  remaics  in  solution. 

dralrd  SnlpiiiU  of  Barivm,  Ba'S.3H*0,  is  4  white  powder,  whicli  aoon 
r.  When  treated  at  Once  with  a  qoantity  of  water  nifBcient  to  tl  imil 
tlj,  it  yields  a  solntion  wbich  when  mixed  witii  a  mangaaous  salt,  jidda  i 
tt  of  amphide  of  manganeee  (Ma*8)  withont  erolation  of  aulphantted  hjdr 
smaller  qaautity  of  water  extract!  sulphydiate  of  barinm  and  learea  hj^lr 
n  nndisiolved. 

Iphydrati  of  Barium,  Ball's'  or  Ba"8.H^— Baryta-wstcr,  « 
de  of  barium  redoced  to  a  paste  wilh  water,  sad  wanned,  is  lotvislac 
rdric  acid,  ths  solution  STapoiated  apart  from  the  ur,  and  cooled,  when  a 
!jta  and  yellow  prisms  are  formed.  The  remaining  liquid  is  ailJier  erap 
Eonflnsd  space,  when  white  opaque  prisma  an  obtained,  or  mixed  with  al 
1  from  the  snlphnr  and  hyposnlphile  of  barium  produced  by  eir  cont«ii 
leohol,  and  oooled  down  to  — ]0°C.;  in  this  way,  colourless  and  traiun 
idsd  prisms  are  produced.  Also  when  haiyt&  or  either  of  its  hydratad 
■  is  allowed  to  ayatalliBe,  together  witJi  nilphide  of  barium,  from  an  aij 
}n  of  protoaolpbide  of  barium,  by  sTBpontion  in  a  retort  and  coobng,  si 
si  liquid  (which  is  of  a  jellowiah  colour,  from  the  air  not  being  pei 
led)  fuither  sivporated  and  cooled,  it  mlidifiea  to  a  crystalline  maaa  of  n 

of  barium  (S!  Boss).  The  CTystala  contain  water,  which  thsy  tosa 
I.  becoming  white  at  the  same  tjme.  When  siposed  to  ths  air,  tfat^  cffl 
un  whits,  while  hyposulphite  and  Eulphats  of  buiom  are  fbrmad.  la  »  i 
OM  their  water  of  crystal  ligation  without  huing,  and  thta  stdItv  snip! 
■s  the  temperature  spproachte  redness,  leering  daik  yellow  potosnlpiii 
n,  which  becomes  white  as  it  cools.  An  aqusons  solution  preeipitMea  ch 
□ganes<^i»ithescapeof  ■ulphydncacid^(Bfltielius,  Pwg.  Aim.Ti.  441) 
'hen  boiled.  Bvolrea  anlphydrie  add.  with  iodine,  it  forms  lodjds  of  bnlini 
ydriodic  acid,  sulphur  being  set  frss.  It  is  insolable  in  alcohoL  (H.  Roi 
ttdpkidt  of  Barium,  liaS*,  ia  said  to  be  obtained,  together  with  mlpha 
Qg  8  pts.  of  bfuytu  with  S  pis.  of  snlphnr,  1-7S  pta.  of  the  sulidiQr  r»Uti 
I  the  proe<«B.  On  trusting  the  product  with  water,  the  Irisulphida  din 
!'S  pt«.  of  sulphate  of  iMrium  remain  behind  (Vauqaelin).  Wba 
ined  trisolphide  is  heated  to  ndness  and  Taponr  of  wata  la  paaaed  otbt  v 
tt«d  hydrogen  is  given  off,  and  sulphate  of  barium  is  fonned.  (Q- ay-La  ai 
tlaiutphidt  of  Barium,  BaS*,  is  obtained  in  aolutioD,  by  boiling  the  i 
de  or  the  Bulphydrate  with  sulphur  (H.  Rose);  also,  together  wi"^  '^  " 
nam,  by  boiling  baiyta-water  with  sulphur.  The  solution  ii 
ns  and  caustic ;  TeaTca  a  pel       "'  "" '    ' 

decomposed  by  axposare  to 
ulphite  of  barium. 
lK&VT.    SeeCmALt. 
JiMXUUITZTB,    A  anlphide  of  tovotr  and  iron,  2Cii'S.Fa*9,  on 

of  silver,  fonnd  in  a  mine  m  Bamhaiot  s  Land,  and  other  localitjes  i 
na.    Broaie-yellow,  with  metallic  lustre,  sometimes  doll  and  c^wma.     ] 


AOOAXrOTTB.    Syn.  with  BAaiTUCAum. 

.SOX2TS-     Syn.  with  WrTKXSiTn. 

MOaarrmM  {fiipat  wug^  and  itirftr  meaann).    Tha  hannwbr  U 
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eimt  employed  to  measure  the  presfiure  or  weight  of  the  atmosphere.  It  oonsists  essen- 
tlly  of  a  eontinoooB  body  of  liquid,  generalljr  mercozy,  from  one  part  of  the  upper 
;ffmee  of  which  all  piessure  is  lemovedf  while  the  atmosphere  still  presses  upon  the 
mainder  of  the  surface.  It  is  a  law  of  hydrostatios  that,  in  a  heavy  fluid,  the  pressure 
all  points  in  a  horizontal  plane  must  be  uniform,  in  order  that  there  may  be  equi- 
:)rinm.  The  surfiaee  of  the  mercury  cannot,  then,  remain  in  one  plane,  as  it  does 
hen  the  atmosphere  presses  equally  on  eyery  part,  but  it  must  rise  where  protected 
om  the  atmosphere,  until  the  pressure  of  the  portion  thus  rising  exactly  balances 
id  replaces  the  pressure  of  the  atmosphere.  Thus  in  fy.  92,  the  surface  of  mer- 
iry  on  which  the  atmosphere  presses  is  at  a,  and  the  glass  tube  ▲  b,  haying  been 
>rfe<rtly  emptied  of  air  and  every  other  fluid,  the  mercury  has  risen  to  b,  so  that  the 
^rpencUcular  column  of  mercury  ▲  b  exerts  a  pressure  at  the  horizontal  plane  a,  exactly 
[ual  to  the  pressure  of  the  atmosphere  at  a. 

Now  supposii^  mercury  to  be  always  of  one  spedfie  eraTity,  the  length  of  the 
Lrometrie  column  will  he  exactly  proportional  to  tne  ujeignt  or  pressure  of  the  atmo- 
>here,  and  thus  a  length  expressed  in  mches  or  parts  of  a  metre  oeoomes  a  convenient 
Eprecision  for  a  weight.  It  is  well,  however,  to  bear  in  mind  the  real  pressures  indi- 
ited,  which  are  easily  determined,  as  in  the  following  example:  — 

29*872  inches  *  mean  height  of  barometric  column  for  noon  at  Gbeenwich. 
13*668  »  specific  gravity  of  mercury  at  60^  F. 
997*137  oc  avoirdupois  »  weight  of  one  cubic  foot  of  water  at  62^  F. 

29-872  X  13*668  x  997137      «,•  o^«  w  fli.»  iv-    *i.  *«» 

rs rs Ts —  233*879  oz.  —  14*617  lbs.  the  average  atmo- 

12  X  12  X  12 

iheric  pressure  for  noon  at  Greenwich  on  every  sqpiare  superficial  inch. 


Barometer  at  28  inches 
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When  any  other  liquid,  is  used,  the  height  of  the  barometric  column  will  be  in- 
eisely  as  the  specific  gravity.    Thus  the  height  of  a  column  of  water  corresponding 

>  29-872  inches  of  meicury  at  60o  F.  is  29*872  x  ^r!^*  or  406*8  inches  or  88*77  feet ; 

13*668 


imilarly  a  column  of  sulphuric  acid  would  stand  29*872  x 


1*86 


-,  or  219  inches  high. 


A  fbll  account  of  a  water  barometer  constructed  for  the  Boyal  Society  by  Professor 
^aniell  will  be  found  in  Phil  Trans,  cxxii  (1832),  639. 

CoNSTHUCTXoir  OF  TKB  Babombtsr. — ^All  that  is  necessaiy  to  construct  a  barometer  is 
>  t»eal  a  glass  tube  about  three  feet  along  at  one  end,  to  fiU  it  perfectly  with  mercury, 
nd  puttiug  the  finger  over  the  open  en<C  to  invert  the  tube  into  a  vessel  of  mercury. 
>n  withdrawing  the  finger,  the  mercurial  column  descends  a  few  inches,  and  a  measure 
eing  applied,  the  height  of  tiie  column  remaining  is  found.  But  to  attain  accuracy, 
reat  precautions  are  required  at  eveiy  step. 

If  any  air  remain  in  the  tube,  by  adhenng  to  the  glass,  it  wiU  rise  into  the  space 
>x>ve  the  mercury,  and  its  pressure,  partly  counteracting  t^at  of  the  atmosphere,  will 
epress  the  barometric  column.  Most  of  the  air  may  be  got  out  bv  shaking  the 
aercuiy  in  the  tube,  but  some  will  certainly  remain,  to  eliminate  whidi,  the  tube 
lust  be  boiled  as  follows : — Fill  only  about  six  inches  of  the  tube  with  mercury,  and 
radually  heat  it  over  a  strong  fiame  or  a  charcoal  fire  until  the  mercury  has  boiled 
sr  a  few  moments.  At  the  same  time,  heat  another  portion  of  mercury,  that  it  tdaj 
iot  crack  the  hot  tube,  and  with  it  fill  a  few  inches  more  of  the  tube.  Expose  this 
ew  part  chiefly  to  the  flame  until  it  boils,  and  thus  proceed,  alternately  nouring  in  a 
ttle  mercury  and  then  boiling,  until  the  tube  is  almost  foil  It  would  be  well  to 
nneal  the  tube,  if  a  large  one,  while  cooling,  to  prevent  fracture.  When  cold,  flU  it 
ntirely  wiUi  mercury,  fOready  boiled,  and  invert,  with  great  precautions,  to  prevent 
ntrance  of  air.  Any  kind  ci  dirt  entering  also  will  proTe  very  detrimental  and  the 
abe,  in  the  flrst  place,  before  sealing,  shomd  be  thoroughly  sponged  out  with  whiting 
nd  spirits  of  wine. 

The  mercury  used  must  be  perfectly  pure,  otherwise  it  will  be  thick,  sluggish,  and 
irt^,  as  well  as  somewhat  false  in  specific  eravity.  To  purify  it,  agitate  with  diluted 
itnc  acid  or  sulphuric  add,  and  ke<^  it  under  the  acid,  if  possible,  for  a  week  or  more, 
fterwardi  washing  with  firesh  acid  and  distilled  water.  Carefully  distilled  mercuiy 
\  pare  enough,  except  that  the  dissolved  oxide  of  mercury  must  be  removed  by  treat- 
lent  with  sulphuretted  hydrogen  water,  or  dilute  sulphide  of  ammonium. 

Many  forms  of  the  barometer  have  been  contrived  since  its  first  discovery  by  Torn* 
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h(*  mcrcvruil  colamn,  being  delicately  balanced  against  the  weight  of  the  air,  ^ill  be 
L^uud  to  TibrHtc^  or  at  it  ia  said,  to  pump  rapidly  up  and  down  when  the  barometer 
ui)trs  any  Tertieal  disturbance.  Not  only  might  babbles  of  air  adhering  to  the  lowef 
>art  of  the  tube  be  thns  carried  i^>,  but  the  mercory  yiolently  striking  the  sealed 
lod  TacoooB  end,  might  shatter  a  tnbe  that  was  not  Teiy  strong.  To  render  this 
>Hntnieter  portable,  the  handserew  at  8  most  be  screwed  up,  and  the  instnunent 
:ently  inclined  at  the  same  time,  until  the  mercury  Alls  the  whole  of  the  tube,  and 
^liinuLt  the  whole  of  the  dstem ;  it  is  then  to  be  inverted  and  kept  or  carried  about  as 
learly  as  possible  in  this  position  until  again  safely  suspended.  A  board  and  bracket, 
iot  shown  in  the  figures^  accompany  this  barometer,  as  also  an  arrangement  of 
hive  screws,  by  which  it  may  be  secured  motionless  in  the  rertical  position,  which  it 
>f  course  assumes  when  free.  Such  a  barometer  is  very  suitable  and  quite  good  enough 
or  a  labomtoiy,  or  Ibr  a  series  of  meteorological  obeerrations.  It  is  the  form  of  baro- 
ntrter  most  esteemed  on  the  Continent. 

Of  MouNTAHf  Babombtbss,  which  require  to  be  far  more  portable  and  secure  from 
iiviileot  than  that  above  described,  the  be  t  is  Gay-Lussac's  form  (see  Ann.  de 
I'himie,  1816,  L  113),  as  improved  by  Bunten,  and  drawn  in^.  90  from  an  instru- 
uent  by  Ncgretti  and  Zambra.  Its  tube  is  in  the  form  of  a  syphon,  of  which  the 
>art«  D  B  and  r  o  have  an  uniform  diameter  of  *2  inch,  while  the  part  b  f  is  a  capil- 
iiry  tube,  with  a  bore  of  about  *06  inch.  The  end  of  the  tube  at  o  is  sealed,  but  a 
nuDute  and  somewhat  sunken  hole  is  pierced  about  an  inch  below  the  end,  so  that  air 
may  r>as9  freely  in  or  out,  but  not  the  mercuiy.  At  b  is  a  pipette  or  air  trap,  shown 
)n  a  larger  scale  in  fy.  91,  contrived  by  Bunten,  so  that  even  if  air  pass  up  the  tube 
R  F,  it  will  collect  at  B,  since  it  is  searcelv  possible  that  it  should  find  its  way  through 
[he  capillary  communication  {^fig,  91)  into  the  upper  part  of  the  tube. 

The  tube  is  loosely  packed  in  a  brass  tube-case,  throngh  two  slits  in  which  the 
upper  and  lower  surface  of  the  mercuiy  may  be  observed  in  the  same  maimer  as  tlie 
uf'piT  surface  in  the  Fortin  barometer.  There  are  two  divided  scales,  both  9  inches 
|on;i,  and  measured  from  the  lowest  point  of  the  lower  scale,  and  the  difference  of  the 
rtadings  is  the  height  of  the  barometric  column.  The  verniem  read  to  the  -^^  of 
an  inch. 

NswKAif's  Staxoabd  BAROMjmiB  is  well  known,  and  has  long  been  relied  upon  in 
other  countries  as  well  as  this.  The  tube  has  a  diameter  of  *6  or  *6  inch,  and  stands 
in  a  plain  cylindrical  ^lass  cistern.  The  graduated  scale  is  of  brass,  affixed  to  a  brass 
rod  passing  down  the  inside  of  one  of  the  upright  supports,  and  terminating  below  in 
a  conical  ivory  point,  which  by  an  endless  screw  and  wheel  is  veiy  accurately  ad- 
justed to  contact  with  the  mercury.  In  this  respect  the  constmction  is  superior  to 
that  of  the  Fortin  barometer,  because  the  mercury  when  raised  or  lowered,  as  in  the 
Litter,  may  not  at  once  assume  its  true  position,  owing  to  adhesion.  Mr.  Newman  has 
a<lopt(><l  a  method  of  filling  his  barometer-tubes  in  vacuo,  and  of  boiling  them  under 
diminished  pressure,  which  obviates  all. oxidation  and  fouling  of  the  tubes. 

The  Great  Stakdabd  Baromxtsb  of  the  Kew  Observatoiy,  constructed  by  the 
late  Mr.  Welsh,  has  a  tube  1*1  inch  in  bare,  and  as  it  was  found  impossible  to  fill  so 
brge  a  tube  satisfactorily  in  the  ordinary  way,  the  following  excellent  method  was 
adopted :  —  To  the  upper  end  of  the  barometer  tube  ▲  b  {fig,  93)  was  attached  a 
capillary  tube  ▲  D  B  F,  much  contracted  at  D,  with  a  small  bulo  at  b,  drawn  out  at  p 
to  a  fine  pointy  and  hermetically  sealed.  To  the  lower  end  of  the  large  tube  was 
attached  10  inches  of  a  smaller  tube  boo,  having  a  bore  of  0*3  inch,  and  to  that 
again  was  added  about  6  inches  of  capillary  tube  or.  A  bulb  of  ]  of  an  inch  was 
blown  at  o,  and  the  small  tube  finally  bent  into  a  syphon  form  at  b.  The  end  h  of 
the  capillary  tube  was  bow  connected  with  a  good  air-pump,  and  the  air  very  slowly 
extracted,  at  the  same  time  that  the  whole  tube  was  strongly  heated  by  passing  a 
large  spirit  fiame  along  it  ^  When  the  air  had  been  as  well  as  possible  extracted,  and 
wliilst  the  pump  was  still  in  action  and  the  heat  still  applied,  the  capillary  tube  o  h 
was  sealed  at  I  by  a  blowpipe  flame.  When  the  tube  had  cooled,  it  was  placed  at  a 
small  inclination  with  the  end  f  in  perfrctly  pure  mercnry,  which  had  been  previously 
boiled,  «ind  the  point  bein^  broken  of^  the  mercury  rose  until  the  bulb  at  G  was  more 
than  half  filled.  The  point  f  was  then  again  sealed,  the  capilLur  tube  remaining 
quite  filled  with  mercury.  When  the  glass  at  f  had  cooled,  uie  whole  tube  was  in- 
verted, the  mercury  now  separating  at  the  contracted  part  d,  leavine  the  tube  from  o 
to  f  filled,  or  ver^  nearly  so,  and  from  d  to  a.  perfectly  vacuous.  The  operation  was 
completed  by  sealing  the  tube  at  x,  removing  tne  portion  x  D  b  f,  placing  tiie  bcmd  b 
in  the  cistern  of  the  barometer,  and  breaking  off  the  tube  o  o  at  the  point  a 

The  tube  finally  adopted  at  Kew,  is  perfectly  free  from  air  in  the  portion  b,  which 
i>  9  inches  long ;  it  is  mounted  in  an  open  brass  frame  {fia,  92),  adjusted  to  verti- 
r^ility  bv  screws  at  s ;  at  c  c'  are  two  steel  rods,  the  first  terminating  below  in  a  conical 
point,  the  second  in  a  knife-edge^  and  both  adjusted  so  as  just  to  toudi  the  surface  of 
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the  nennr]'  in  the  eiatf  m.  Thf  heisht  of  the  mercnrul  column  U  Umb  bsrI;  oh 
bj  >  Ckthelometn'  pUced  fire  r«et  o£  tbe  tele«copic  wicr  of  which  u  mids  ktUr 
to  bisect  »  mark  on  the  head  of  the  rods  c  of  d*,  4nd  to  {brm  » tangent  to  tbe  me 
rarface  at  a.  The  diScxence  of  the  nadingi  on  the  dirided  aeale  cf  tlu  cmtbeto 
added  to  the  known  length  (3515  for  c)  betwopii  the  pobt  and  end  of  the  it* 
and  the  mark  on  ita  head,  givee  the  actoal  length  m  the  huometiie  eoiimiL 
eittem  of  this  barameter  itanda  3S-S  feet  above  the  mean  ■eS'lercL  (FhiL 
[18«]p,B0T.) 

A  very  intereating  aeeouDt  of  the  oonetnietioa  of  the  Rojnl  Sooe^l  Sti 
buomrter  br  Daiii^  will  be  foond  in  hi*  Heteorologickl  Emji,  p.  MZ.  S 
Mr.  Bailj'a  Deecription  of  a  New  Barameter,  PhiL  Tnuii.  csxrii.  4S1 ;  and  Hs 
PliiL  Trana.  [1832]  p.  iS7fi. 

We  will  now  eoonder  the  preeantiona  and  eometioni  nneaaaaiy  in  obtaunng  tl 
atmoapheric  preuoie  with  exacloeea. 

Coaavrnoii  fob  Camcitt,— It  ii  obnona  that  in  propoition  aa  the  btin 
■tandi  higher,  «o  much  more  mercury  there  mnat  be  in  the  tabe,  and  eonetqne! 
much  leu  in  the  cistern.  Ws  ahould  not  then  get  Uie  true  rariatioDa  in  the  lei 
the  mcRTurial  column,  bj  noticing  the  top  of  the  column  only,  atnce  th«  baae 
column  alaa  varies,  and  a  correction  mtut  ebviooalj  be  made  for  tbe  smmnt 


Thia  correction,  indeed,  ia  not  required  in  any  of  the  baimnetera  abcrre  dea 
became  obaervationa  or  adjuatmente  are  made  both  at  the  upper  and  lower  » 
of  mercniy.  But  in  many  other  barometen,  the  uale  u  me«aured  tTBt 
tbe  lower  aar&ce  of  the  mercnir,  only  when  the  mlninn  ia  at  one  particnlar  ] 


When  tha  M  „ 

the  eiatem  muet  be  tower  or  higher  in  a  praportion  depending  o 
gf  the  tube  and  ditenu     If  &  be  the  height  of  the  nentral  point,  and  A  the  ob 
bcight  of  the  barameter,  the  ooirection  for  capacity  ia 

)  diameter  of  tnbe  1 '  ,     _, 
(diameter  of  daternl 

In  the  marine  barometer  adopted  by  the  Board  of  Trade,  thia  correction  ia  ai 
Mrtbrmed  upon  tbe  divided  aeale^  «o  that  the  inch  diviaions  are  alnat  {  la 
■eal  incbea.  In  any  ayphon  barameter,  like  that  of  Gay-Loiaac,  in  which  bot 
ire  of  equal  diameter,  the  coneetion  for  capacity  is  made  by  doabliog  the  Tail 
n  height  of  one  anrface,  and  Qay-LuMac  remmmenda  this  method  when  great 
a  not  required;  bnt  meaaarement«  of  both  lurbcea  are  evidently  necaaaa 
»rtam^. 

CoBBKrnow  von  TxicraaaTDSB. — The  length  of  the  barometrio  oohunn  ia  f 
ional  to  the  pmsure  which  it  haa  to  measure  only  ao  long  aa  the  apeciflc  gra' 
nercuij  ia  constant.  Now  mercury  eipands  •jj^^  of  ila  own  volume  wb- 
«mperatuie  riaea  one  degree  (Fahr.),  and  ita  density  of  couneTariea  inveiaelj.  . 
ill  leadings  of  the  barometer  mnot  t>e  redneed  to  what  they  would  be  at  on*  ni 
cmperature,  that  of  32°  Fahr.,  when  the  specific  gravity  becomea  13-SO.  The 
■eala  by  which  the  height  is  meaaored  also  expands  by  heat,  andiaonty  ofthaeta 
ength  when  at  a  tempenton  of  629  F.  (for  tlie  Engbah  yaid). 

To  ascertain  the  tnnperatare  of  the  barometer,  a  tharmomaler  ia  alwaja  atti 
rhia  should  be  placed  half  way  up  the  baroinetCT  tnbe,  with  the  bolb  eloae  to  tht 
lod  well  covered  np  Ihim  the  atmoephere.  The  bannnetei  should  be  placed 
■'■■'  "  ''"'       d  aa  slowly  aa  possible. 


oom  of  which  the  temperatore  change*  as  little  and  aa 
If  A  be  the  obecrved  hei^t  of  the  barometer,  and  I  it 
le  height  reduced  to  32°  F.  ia 

-0001001(1-  82)-  ■000010i84(f-6g) 
"  1  +  ■0001001(<-32) 

at  it  ia  qn!(«  exact  enough  to  aubtraet  (or  add  if  1  be  Icm  than  29°  Fahr.}  tt 
awing  orarection : 

A|(i-82X0001)-C(-«aX'«»OO[ 
The  reader  will  observe  that  the  ctiHe,  not  the  linear,  expansion  of  mereni;  li 

1  these  formuliB,  for  it  ia  on  the  cubic  expansion  that  the  R>eciflc  gi*vi^  dmen 
The  correction  is  most  oonveniently  obtained,  however,  from  a  table  anch  ai 

n  the  following  page,  which  applies  to  baromet         --^  •   -'--    — ■- 

be  ciitem  to  the  ti^  of  the  mercurial  column. 
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Table  for  the  Temperaiyir&^ofreeUon  of  the  BarcmtUr, 


/ild 


Trmp. 

M'5 

Wr% 

29-5 

300 

30^5 

Tmbd. 

88^6 

29-0 

S9-5 

30-0 

30^ft 

°F. 

inch. 

Inch. 

inch. 

Inch. 

loch. 

OF. 

inch. 

Inch. 

Inch. 

Inch. 

loch. 

SI 

•006 

•007 

•0.»7 

•007 

•007 

61 

•083 

•084 

•086 

•087 

•089 

:«3 

•009 

•009 

•009 

•009 

•010 

62 

•(•86 

•087 

•088 

•090 

•091 

38 

•012 

•Oil 

•012 

•012 

•012 

63 

•086 

•089 

•091 

'    ^093 

•094 

S4 

•014 

•014 

•015 

•016 

•015 

64 

•000 

•092 

•094 

•096 

•097 

35 

•017 

•0!7 

•017 

•018 

•018 

65 

•093 

•096 

'fm 

•098 

•100 

36 

•019 

•020 

•020 

■0-iO 

•021 

66 

•096 

•097 

•099 

•101 

•102 

37 

•082 

022 

•022 

•023 

•023 

67 

•096 

•lOil 

•lo2 

•103 

•105 

V< 

•024 

•026 

•026 

•026 

-026 

68 

•101 

•102 

•104 

•106 

•108 

m 

•087 

•027 

•028 

•028 

•099 

69 

•103 

•106 

•107 

•109 

•110 

40 

•0-i9 

•030 

-000 

•081 

•OM 

70 

•106 

•108 

•109 

•111 

•113 

41 

•ow 

•OM 

tttS 

f34 

•034 

71 

•108 

•110 

•lit 

•114 

•116 

42 

•064 

•038 

•0S6 

•036 

•037 

72 

•111 

•113 

•115 

•117 

•119 

43 

•aj7 

•038 

•089 

1»39 

•040 

73 

•113 

•115 

•117 

•119 

•121 

44 

•f»40 

•040 

•041 

042 

•042 

74 

•116 

•118 

•120 

•123 

.114 

4A 

•042 

•04S 

•044 

•044 

•046 

75 

•118 

•120 

•122 

•12ft 

•127 

46 

•046 

•045 

•046 

•047 

•048 

76 

•121 

•123 

•125 

•127 

•129 

47 

•047 

•048 

•049 

•060 

•OM 

77 

•123 

•126 

•128 

•130 

•132 

4fl 

•OV) 

•061 

•062 

•062 

f»53 

78 

•126 

•128 

•130 

•133 

•136 

49 

•(162 

•063 

•064 

•066 

•066 

79 

•128 

•131 

•188 

■^136 

•187 

60 

•065 

•056 

•067 

•068 

•069 

80 

•131 

•133 

•136 

•188 

•140 

ftl 

•067 

•068 

•069 

•060 

•OSI 

81 

•134 

•136 

•138 

•141 

•143 

t  u 

•OfiO 

•061 

•062 

•063 

•<I64 

82 

•136 

•188 

•141 

•143 

•146 

NS 

•06S 

•064 

•066 

i)66 

•067 

83 

•139 

•141 

•la 

•146 

•148 

64 

•0R5 

•Of^ 

"067 

•068 

•070 

84 

•141 

•144 

•146 

•149 

•151 

M 

•06» 

•068 

•070 

•071 

•072 

86 

•144 

•146 

•149 

•151 

•154 

66 

•070 

•071 

•073 

•074 

•075 

86 

•146 

•149 

•151 

•164 

•tA6 

57 

•073 

•074 

•075 

•076 

•078 

87 

•149 

•161 

•154 

•157 

•159 

86 

•075 

•077 

•078 

•079 

•081 

88 

•151 

•154 

•157 

•169 

•162 

ae 

078 

•079 

•080 

•062 

•083 

89 

•164 

•166 

•169 

•162 

•165 

60 

•060 

•062 

•083 

•086 

•066 

90 

•156 

•169 

•162 

•164 

.  -167 

The  ftill  tables,  as  ori^:mall7 calculated  by  Prof.  Schamacher  (Jahrbnch  fur  1837, 
Astron.  Nach.  t  vl\  wiU  be  found  in  the  *'  Report  of  the  Committee  of  the  Royal 
Society  on  Phyiics,"  1840.  The  Admiralty  "Manual  of  Scientific  Enquiry/'  and  most 
works  on  Physics  and  Meteorology,  also  contain  tables,  often  slightly  differing  from 
each  other. 

To  obtain  an  approximate  correction,  multiply  the  number  of  inches  in  the  height  ol 
the  reading  by  the  number  of  degrees  Fahr.  aboTe  32^,  and  subtract  *0001  indl  for 
every  unit  of  the  result    The  following  data  are  useful. 


I 


For  l«»  Fahr. 
-0001001 


Coefficient  of  tiie  cubic  expansion  of 

mercury 
(log.  1  0001001  «  00000436) 

Coefficient  of  the  linear  ^^Lpansion  >  ^^^^^^ 
of  brass  > 

Coefficient  of  the  linear  expansion)   ,f^QQQiQ^ 
of  brass  adopted  by  Schumacher  { 

Coefficient  of  the  linear  expansion)   .000004 g 
of  glass.  ( 


For  i^Cetitigmde. 
•00018018 

-00001722 

-0000188 

'0000086 


The  last  must  be  employed  instead  of  the  coefficient  of  brass,  when  the  scale  is 
pngrayed  on  the  glass  barometer  tube,  as  often  occurs  on  the  Continent  Tables  for 
glass  metre  scales  and  centigrade  degrees,  will  be  found  in  Bunsen's  Oasometry, 
translated  by  Roscoe. 

Thb  CA.PILLABT  Dbpbbssxon  of  the  mercurial  column  is  a  formidable  obstacle  to  the 
attainment  of  accuracy  when  the  tube  is  of  small  bore.  For  this  reason,  important 
standard  barometers,  uke  that  of  Kew,  have  a  large  tube  in  which  the  capillary  de- 
preosion  is  inappreciable. 

The  cause  of  the  depression  is,  that  the  particles  of  the  mercury  have  a  much 
stronger  attraction  for  each  other  than  for  the  glass ;  a  slight  resultant  attraction  thus 
arises,  tending  to  draw  each  particle  towards  the  general  mass  of  mercury.  The  form 
which  the  surface  of  the  mercury  assumes  is  spheroidal;  the  highest  point  of  the 
surface  is  to  be  always  taken,  in  adjusting  the  edge  of  the  remier  for  an  obserration. 

To  aroid  any  error  from  the  capillary  depression,  it  is  far  the  best  way  to  compare  the 
barometer  with  an  undoubted  standard  barometer  in  which  the  eapilLmr  depression  is 
inappreciable.    The  correction  for  capiUaribr  is  then  merged  into  that  for  11 
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S14  BABOHETES. 

If  tllii  be  not  doDe,  the  iort  at  the  barometer  tube  miut  be  ■aeartaiiieil  frog 
baromrtet  mak»,  orotlmww^  and  the  conection  theotalwD  from  the  fcUowing  t 
which  ia  the  one  generallj  irdc^jted  tot  the  pnipoM  in  £ngland. 


•sz 

— — - 

IMimnn 

A<u>o.fa.«u..in> 

UnbolMlobH. 

BolMUiba. 

VaMltitut^ 

tMMIa 

O-SDinch. 
0-SO    ,. 
0-*B    „ 
0-40     „ 
0-31    ., 

O'OO*  ineh. 
0-007     „ 
0010     „ 
O'OU     „ 
0-OM    „ 

0.0D3  indi. 
O'OOS     „ 
0006    „ 
0-007    „ 
0-010    „ 

O-SObeb. 
0-26    „ 
020    „ 
OIB    „ 
0-10    „ 

0-023  mck 
0-040    „ 
0060     „ 
Oi)88     „ 
0-U2    » 

0-014  ii 

0030 

0-029 

<HM4 

0070 

ContinMlUl  obNiTen  hKn  attempted  to  attain  greater  acents^  bj  TPihirtj 
bril^t  of  the  mnuaeni  or  CDrred  mrftce  of  the  mercuiy  an  atyumatt  in  the  cotR' 
IL  Delena  haa  eaicnlated  an  elaborate  table  on  thia  principle  of  which  a  pait  ii 


H(l(btortl>« 

HlUtCUl 

Bor..(th*lld». 

0-3 

0-4 

0-6 

0-8 

10 

12 

1-4 

1-6 

0-24 

0-48 

0-70 

0-90 

107 

1-20 

4-0 

0-12 

0-24 

0'3£ 

0-46 

0-66 

0-B8 

0-71 

0-77 

6-0 

0-07 

013 

O'le 

fr2e 

0-30 

0-3S 

0-40 

0-44 

6-0 

0-oa 

oos 

0-OB 

0-13 

0-18 

0-20 

0-23 

0-2S 

1 

7-0 

0-01 

008 

0-06 

0-09 

0-10 

0-12 

0-14 

0-It 

0 

ri  to  which  barometen  am  Buhject,  the  reader  ihonld  Donmlt  a  p^>er  bj  Bti 
ana  Martini  in  KonT.  Mim.  de  I'Acad.  Bojr.  de  Bnjiellea  ziT.  31  (1841) ;  >ec 
DoTl,  Bepertorium  der  Phjaik.  i.  87. 

The  cuollaiT  depreaaion  of  t^e  barometric  eolnms  has  been  ioTestigated  m 
nuticallT  by  hb-.  Irorr  in  th*  Philosophical  Migaiiaa  and  AimaU  for  1828.  t< 
p.  I,     [Tlua  reference  u  uiaaUv  wnngV  given  to  the  Phihwiphieal  Traasactionj 

This  ooirectioD  is  considered  onneceasary  to  the  Qaj-Lussac,  or  anj  other  ij 


sdty'eet  to  equal  npillai;  action.    But  we  think  that  the  ai 

the  lower  limb  of  the  (Hj-Luasac  tabe,  being  ainch  inereaied  bj  the  preaenoe  < 

and  dost,  ia  liable  to  cauu  inaccniacy  nntess  careAilly  attended  to. 

he  length  of  brus  rod  or  acal 
tending  between  the  two  anr&cea  of  meicmy.    Snch  error  roay  nsnaDy  be  ot 


The  Imsmz  Esbob  ia  properly  the 
tending  between  the  two  anracea  of  meicmy.    Sncb  error  may  nsnaUy  be  ocnuL 
nnifbrm  for  all  parts  of  the  dirided  acalc^  which  i*  aecimtely  dirided  by  ■  nai 


>r  probably  arisea,  if  at  all,  from  the  VTong  a^jostment  of  the  tvstj  fti 

Bnt  the  index  errar,  aa  nanally  deteimined  bj  comparison  with  a  itandard  bam 
Mmpriie*  the  capiUarj  depraaaion  before  mentioned,  as  well  a*  any  minute  errors 
impurilT  in  tlie  mercoiy,  from  imperfect  racnnm  in  the  apptz  pait  of  the  tube, 
of  the  attached  thermometer,  and  ao  on.  Compariion  with  a  atandard.  io  ahort,  m 
the  final  acenracy  at  the  nml^  and  no  obeerrer  of  the  present  day  who  deaireB 
considered  tmatworthy  should  nse  an  nncompared  barometer.  The  pnicfaaacs 
barometer  for  %iantiflii  purpoaea  ihonld  inaiit  on  receiving  with  it  an  anthantie 
Acate  of  its  indni  eiror  from  rampariBon  with  the  Qreenwich,  Kew,  or  Boyal  Sc 
Standard.  The  bnt  barometer  makers,  Negretti  and  Zambra.  Hewnan  cf  fi 
StieeC,  or  Barrow  of  Oienden  Street,  the  latter  the  maker  to  the  Britiih  Meteoroh 
SocieCT,  will  readily  procnra  inch  a  certificate.  Of  coarse  a  freah  camparieoD  is  i 
•an  S  the  barometer  be  in  any  way  disordered  or  nupected  of  beinK  disordered. 

To  oompare  two  bnxometen,  tkey  should  be  lOHpended  aide  by  side,  and  a 
''  -  ---dings  of  esch  t^ec  at  intorvak,  if  passible  when  the  ba 


■unoltaneoua  leadings  of  esch  t^ec  at  intorvak,  if  possible  when  t 
is  at  variona  heights,  and  both  rising  and  falling.    The  n    " 
e  to  be  fully  and  ewcAilly  ooiieeted  fbr  temperatnre,  a 
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•ttafefafid  thermonfier ;  the  mean  differance  of  aU  the  reading!,  together  with  the  known 
iodez  enor  of  the  one  barometer,  is  the  index  error  of  the  other  barometer. 

From  the  nniibrmity  of  the  readings,  the  obeeirer  may  judge  either  of  hiii  own  skill  or 
of  the  character  of  the  instnunents.  With  good  instruments  and  a  careful  observer,  the 
differences  should  be  uniform  within  about  y}«  of  an  inch,  and  the  whole  index  error, 
apart  horn  c^ullazj  action,  should  not  exce^  lis  or  ^ ;  thus,  in  the  comparison  of 
the  writer^s  barometer  by  Mr.  Glaisher  at  Greenwich,  the  differences  of  twenty  read- 
ings Tazy  from  —0*009  to  ~  0*020,  with  a  mean  error  of  ~  0*014,  apart  from  the 
assumed  eapilhur  depression  *008  inch,  making  the  whole  correction  +  *022  inch. 

Treated  aoooiding  to  the  formulse  of  the  calculus  of  probabilities,  the  probable  error 
of  this  determination  from  the  mean  of  twenty  observations  is  rather  less  than  *0016 
inch.  Assuming  the  Qreenwich  standard  to  be  absolutely  correct,  this  probable  error 
of  *0016  ineh  is  the  only  source  of  error  which  would  not  be  eliminated  by  a  proper 
use  of  the  instrument,  and  in  the  taking  of  a  number  of  observations,  as  is  always  the 
case  in  meteorology. 

It  is  curious  that  a  barometer  maker,  named  Assier-Perricat,  of  Paris,  as  long  ago  as 
1802,  practised  and  advocated  the  method  of  ensuring  the  accuracy  of  barometers  by 
eomparison.  (Assier-Perricat,  Nouveau  Traits  sur  1  Invention  des  Barometres,  etc.) 

It  is  important  to  be  able  easily  to  detect  the  presence  of  any  air  which  might  by 
accident  get  into  the  upper  part  of  the  barometer  tube,  where  it  would  falsify  the  reading 
by  a  minute  direct  pressure,  and  probably  also  by  increasing  the  capillary  action.  There 
happens  to  be  a  ready  and  perfect  test  as  follows :  — Incline  the  barometer  so  that  the 
mercury  may  run  up  and  strike  the  sealed  end  of  the  tube ;  if  the  sound  be  sharp  and 
metallic,  repeat  the  experiment  several  times,  each  time  more  gently.  If  the  least 
trace  of  air  be  present^  the  sound  will  at  last  become  soft  and  puffy ;  if^  on  the  con- 
traiT,  the  vacuum  be  perfect^  the  sound  will  always  remain  oeautiiuUy  clear  and 
distinctly  metaUic. 

If  air  be  thus  detected,  uncover  and  examine  the  end  of  the  tube,  to  see  how  large 
a  babble  remains  when  the  barometer  is  laid  flat.  Also  invert  the  instrument  and  tap 
it,  as  sharply  as  is  safe,  near  the  bubble,  which  may  sometimes  be  thus  dislodged  and 
eliminateo.  We  do  not  think  that  a  minute  quantitv  of  air  can  sensibly  a&ct  the 
reading  of  the  barometer  for  ordinary  purposes,  but  if  there  be  more,  the  instrument 
must  certainly  be  disused  until  refilled  oy  the  maker.  If  important  observations  have 
been  made  with  a  barometer  containing  air,  they  mav  be  corrected,  if  the  barometer  be 
compared  wiUi  a  tme  one  before  its  condition  is  altered.  The  simple  difference  of 
reading;i  will  be  an  ^ppfozimate  correction,  but  the  exact  correction  is 

e^e^h^  -  *i) 

ei(*-*i)f  ^(*.-*) 

in  which  s,  aad  s,  t^'®  ^  enort  of  the  readings  h^  and  A,  at  different  points  of  the 
scale,  as  determined  by  eomparison,  and  h  is  the  reading  to  be  corrected. 

If  we  suppose  a  bubble  of  air  of  ^  of  an  inch  diameter  at  the  atmospheric  pressure 
to  enter  the  Tacnous  space  of  the  Fortin  barometer,  described  above,  the  depressing 
efl!^  OB  the  mercurial  column  may,  by  a  simple  calculation,  be  shown  not  to  exceed 
iaI^  of  an  inch,  apart,  however,  from  any  influwiee  on  the  capillarity,  a  point  probably 
csmneh  greater  unpottanoe  than  the  direct  effect. 

Ddootzovs  iob  TAxnro  ax  Obsibvation  of  thi  Baboxitbb. 

1.  Bead  and  record  the  attached  thermometer,  making  a  correction  for  index  error 
if  necessary  (see  TmatMomm). 

2.  Adjust  the  mercury  below  to  exact  contact  with  the  fiducial  point 

3.  Sliffhtly  tap  the  tube  near  the  upper  end  of  the  column,  ana  a4just  the  edge  of 
the  vermer  to  exact  tangential  contact,  the  line  of  vision  being  horisontaL 

4.  Becord  the  reading  and  work  out  the  correct  height  as  soon  as  convenient  after- 
wards, as  shown  in  the  following  example,  which  comprises  all  the  corrections  ever 
required:  — 

Attached  thermometer 
Data,    Neutral  point 

Capacity  . 

Diameter  of  the  tube 
Index   enrar  to  K.   O. 
8Cttidard  (apart  from 
oapiUarity) 


Inches. 

.    68-3  F. 

Barometer 

reading  . 

29*964 

.    28-861 

Correction  for  capacity     . 

•f033 

*.    . 

•t 

„  capiUarity 

+  •007 

-4  inch 

80HM)4 

M 

„  temperature 

-•080 

^■014  ineh 

t* 

„  ind^  error 

-014 

'•   t 


i^ 


f 


r 


t 


LL  S 


True  height  of  the  barometer  29*910 


f^^'*  -  '  '^     •    :  it^ll,  k  Jf] 


BABOHETEB. 

hra  nuDj  Dbwrntioiu  of  one  barometer  hare  to  be  mtdfli  much  Imbour  wiD 
1  by  combinini;  lUl  theae  cociectionj  into  >  Bpeciil  table,  one  lefereaee  to  vb 
■hen  the  required  comctiDa.  In  importajit  obwrTBtiona  or  eampariKuu,  the 
[ii>nt«  and  Temier  reftdinga  Bhoald  be  made  with  a  pocket  letia. 
i*  much  to  be  deeired  that  the  Engliah  sboaJd  adopt  the  melre  scale  for  the  b* 
T,  which  is  used  all  over  the  Continent;  but  althoagh  Cbii  may  at  once  be  doiu 
lical  matten,  it  aeenu  almost  imponible  at  preaent  in  meteorology.  For  the  e 
CtioD  of  the  baiomet«r  scale  from  millimetrea  into  Engliah  inebea  and  ncr  fv 
ire  Qie  fallowing  tablea.  Negretti'a  portable  barometer  maj  be  had'with  b 
metre  and  inch  acalea  attached. 


;;;i; 

„^ 

nZ!;. 

.—     jri. 

Uck'*. 

00 

ar-wo 

761 

29-667 

762 

30000 

27-7sa 

7sa 

29-607 

783 

10 

37-883 

7i3 

396*8 

78* 

It 

38-160 

76* 

29-886 

766 

m 

a8-347 

766 

as-726 

766 

a 

28'Ml 

766 

29-78* 

29-804 

29-6*3 

29-882 

28-831 

760 

20023 

771 

3S'S3S 

781 

28-081 

772 

SO-38* 

1         inch  ~  26-3906*  millimetrea 
0-1       „     =    2-63996  „ 

0-01       „      =     0-25400 
0-001    „      -     0-026*0 
K  or  TKB  BuoMsns.— The  Ghemijt  reqnirea  to  know  the  atmontherie  n 
rhen  raj  acemte  weishmm  are  made  of  light  bodiM;  in  otder  that  die  weii 
1  air  they  displace  may  be  allowed  fiir.    On  thia  mbject.  Me  Beoel'a  fivmnla 
rticle  Snoino  Outitt.    Secondly,  gaaea  m  noBiUj  weighed  or  mmmmd,  r 

0  the  almoaphmc  pMemue,  and  vary  dirteity  i^^  dauUy  and  ittverui)  m  voli 
the  jmnore.  Henoe  the  atmoepheric  preamre  mnat  alwaja  be  obeemd  at  : 
int,  10  ordei  that  the  weight  or  meanire  may  bo  reduced,  bj  a  limple  calcnlatitm, 
It  wonld  be  at  aonte  ttandard  preaniM,  whieh  in  England  ia  30-000  inchtM,  ■ 
e  Continent  780  millimetree  or  29-022  inches.  Now  ?2:??°  >■  100  -  IO0-; 
9  cnbic  iachea  of  g«a  at  the  EagUah  atandard  premufe  are  equal  to  100-261  rn 

1  at  the  Frmeh  standard  preBao™,  It  happena,  howeter,  that  the  &ieliah  ad> 
;.  aad  the  French  32°  F.,  la  the  atandard  temperatures  in  thew  maMeni,  • 
ing  ^  the  ezpanaioa  of  mercury  between  tbeae  poinle.  29-922  inches  beto 
9,  Hence  th«  true  equiTalent  volnrae  on  the  coatiaental  standard  for  100  ca 
I  of  gas  at  30000  ioch,  60°  R,  is  |^  «  lOO  -  09-98  cubic  inchea,  the  difl 
leiag  so  trifling  that  it  may  almost  always  be  neglected. 

rBBuraiTioif  or  ALnruDss.— ^ce  the  barometer  measores  the  weight  <rf  i 
ImnHHbent  air,  the  hi^ar  wo  rise  in  the  atmoapbera  the  lower  the  berometer  m 
At  the  aar&ce  of  ue  <srth,  the  baromeUir  changes  nearlT  -001  inch  for  eri 
1  the  Changs  of  altitude ;  but  more  aiaetly,  the^uun  of  elention  oomtqwi 
-001  mehoftliebaromeler.iB:—  "^ 

At  teuperatwe  of  30°  . 


,.  iV  ■ 


0-886  foot 
0-883  „ 
0«00  „ 
0-Sia    „ 


aft»TOrfleveI(- «fbel)  of  two  barometam  may  be  calculated  by  thefallo 
-  -  603*«-7  ■  I    1  +  0002837  cos  3  Ut   \'\l   *   ^  *  'j  iog  - 
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Is  which  B  and  6  are  the  BunnltaneouB  corrected  heights  of  the  barometen  at  the 
higher  and  lower  stationa,  and  T,  t  the  numbers  of  deflprees  Fahr.  above  32^,  at  which 
the  thermometeis  stand.    (Biot,  Traits  de  Physique,  i.  100.  ^ 

If  the  height  does  not  much  exceed  3000  feet»  the  following  more  aimple  fbrmola 
may  be  used : 

mnA^A  o       B-^h      i  .        T  -¥  t} 


B-^  h 


In  meteorological  obserrations,  it  is  necessary  to  know  the  height  of  the  barometer 
abore  the  mean  sea  level,  and  to  reduce  the  average  results  to  that  level  accordingly,  io 
order  that  they  may  be  comparable  with  observations  made  at  other  places,  and  r^uoed 
in  a  similar  manner. 

MxnoBOLOOT. — The  chief  use  of  the  barometer  is  of  course  in  meteorology,  sinee 
changes  of  pressure  in  the  atmosphere  are  the  immediate  cause  of  all  winds.  These 
changes  are  extremely  complicated  and  interesting :  for  besides  the  irregular  fluctua- 
tions, and  extraordinary  disturbances  during  storms,  there  is  an  average  change,  ae- 
cording  to  the  season,  and  a  semidiurnal  oscillation,  probably  due  to  a  kind  cf 
atmospheric  tide,  caused  by  the  expansion  of  the  atmosphere,  where  it  is  heated  bT 
the  sun's  ravs  (PhiL  Mag.  [4]  xviL  313).  In  keeping  a  register  of  the  barometer,  it 
ghoald  be  observed  every  day  at  9  ▲.  sl,  the  time  of  the  daily  maximum,  and  at  3  p.  M., 
the  time  of  daily  minimum,  or  else  at  noon,  when  the  pressure  is  near  the  mean. 

The  nightly  maximum  is  about  9  p.m.,  the  nightly  mininum  about  4  ▲.!!.  Almost 
eveiy  climate,  however,  is  characterised  by  special  laws  of  barometric  fluctuation. 

AirsBOiD  Baboxbtbb.  (a,  priv.  vrif^os^  liquid). — The  essential  part  of  this  beautiful 
instrument  is  a  small  round  metal  box,  exhausted  of  air,  and  with  a  thin  circularlv 
fluted  lid,  which  the  weight  of  the  atmosphere  more  or  less  tends  to  press  in.  A 
complicated  system  of  levers,  causes  an  index,  revolving  over  a  dial,  to  mark  the 
slightest  movements  of  this  metal  lid.  (Vidi,  Compt.  rend.  xxiv.  276;  Belville's 
Manual  of  the  Mercurial  and  Aneroid  Barometers.) 

Bourdon's  Mbtaluo  Babombteb  also  consists  of  a  vacuous  metal  box,  but  it  is  io 
the  form  of  a  flat  tube  bent  almost  into  a  circle.  The  two  ends  of  the  tube  approach 
or  recede  as  the  atmospheric  pressure  increases  or  diminishes. 

These  metallic  barometers  are  very  sensitive  and  excellent  as  weather  glasses,  and 
they  should  be  carried  at  sea  or  on  exploring  expeditions  as  a  last  resource  in  case  the 
mercurial  barometers,  as  often  happens,  become  disordered.  But  they  aflTord  no  inde- 
pendent measure  of  pressure,  and  are  so  much  affected  by  variations  of  temperature  as 
to  be  unsuitable  for  scientific  use.  The  writer,  however,  has  used  an  aneroid  baro- 
meter with  some  success,  and  obtained  an  approximate  correction  for  temperature  by 
simply  warming  the  instrument  on  various  occasions,  and  noting  the  average  change 
of  reading  («  *0065  inch  per  degree  F.)  thus  caused.  An  achusting  screw  will  be 
found  at  the  back  of  the  aneroid  barometer,  by  which  its  reading  may  be  made  to 
agree  at  some  one  point  and  temperature  with  that  of  a  mercurial  barometer. 

For  a  description  of  Macworth's  "  Underground  barometer,"  see  Ur^9  Dietionarf 
of  Arts^  Mant^factures,  and  Mines,  L  265.)  W.  S.  J. 

•    The  resinous  incrustation  in  the  wounds  made  in  fir-trees. 


L  A  silicate  of  calcium  and  aluminium  found  near  the  river  Bar- 
sowka  in  the  Ural,  in  compact  white  masses  or  fine-grained  aggregations,  having  a 
distinct  cleavage  in  one  direction.  The  granular  variety  has  a  &int  mother-of-pearl 
lustre :  the  compact  variety  is  dull  and  translucent  on  the  edges.  Sp.  gr.  2*740  to 
2*752.  Hardness  6  6  to  6*0.  Before  the  blowpipe,  it  melts  with  difliculty  to  a  tume- 
fied glass  on  the  edges :  with  borax,  slowly  and  quietly  to  a  transparent  colourless 
glass;  likewise  with  phosphorus-salt,  with  separation  of  silica,  the  glass  becoming 
opiilescent  on  cooling  if  the  proportion  of  the  mineral  is  considerable.  With  an  equu 
weight  of  carbonate  of  sodium,  it  melts  to  a  tumefied  glass,  which  with  a  larger 
quantity  of  soda,  becomes  snow-white  and  infusible.  With  solution  of  cobalt,  it 
becomes  blue  on  ignition.  The  powder  is  easily  decomposed  by  hydrochloric  acid, 
forming  a  thick  jelly.  According  to  Varrentrapp's  analysis,  itcontains  3(2Ca'"O.SiO'). 
(4Al'0'.SiO'),  a  small  quantity  of  the  lime  being  replaced  by  magnesia.  (Handw. 
d.  Chem.  2««  Aufi.  ii.  679.) 


^OOD  or  O  AM^ITOOD.  A  red  dye-wood,  the  colouring  matter  of  which 
appears  to  be  identical  with  santolin  (Preisser  und  Oirardin,  Ann.  Ch.  Pharm.  lii. 
376.)    See  also  Ure^s  Dictionary  of  Arts,  Manufactures  and  Mines,  i  255.) 

See  Babium,  Oxidbs  of. 


;TTIO  r&VOBSP, 


or  BAmOBBUnrZTB.    See  Hi;avt  Spar. 
A  mixture  of  about  equal  parts  of  sulphate  of  barium 
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BABTTO-CALCITE  —  BASALT. 


I,  B«-C»-f  coy  or  fcO-CO"  +  aO.CC :  »  minml  t 
in  CnmbnUod,  of  ■  iligbtl;  jalloviih-biwn  tingv,  tmialncent,  with  •  w*ij  it 
tod  ip.  gr.  t'60.  It  contsini  ontiM  whidi  u«  lined  with  crritBlB  h&ving  the  fm 
obliqas  rhombic  primm,  Ths  axlenul  lurfkc*  i»  coBtad  with  nilphate  of  b*riu 
(Biooks,  Ann.  Phil.  HA.  Till.  111.) 

Tbe  nunc  barfto-caleita  wu  tlso  givpD  brThomion  to  it  luuliut*d  nunaal 
tuning  71'S  p.  c  ■olphat*  of  buiom  tad  281  snl[diata  of  nlraam,  fbnod  bat 
JiTfldi  and  HuTogKt«  m  Yoibhire;  alao  bj  Joh niton  to  Alstonil«,  which  il  ti 
•uno  composition  bnt  different  OTitalline  lonu. 

MAKRO-^OSaamr.  Thi*  name  IB  giTen  to  two  aiitietal*,  bott  oooii 
of  enlphata  of  buinm  and  nilphata  of  ibontinm  (omleftin),  one  ownrnng  near  K 
town  m  Canada,  the  other  in  the  Binnenthal  in  Switctriuid.  Tbt  Swiaa  miural  ( 
orthoriiombiG  ajtuit,  containing,  recording  to  WaltarihavieD  (Pen.  Ann. 
iU)  87'S  p.  0.  nilphate  oTbarinm  and  9'1  enlpfaiila  oF  abontinm.  ^e  Cam 
minenl  ocean  in  crjitalliaa  maaau  eonlaining.  accnrding  to  Thomtoa,  BaSH.i 
Allied  to  thii  ii  a  mineral  from  the  cta&lk  mari  of  Mom,  containing  40  p.  e.  Si 
SB'S  BaSO',  IG'6  CaSO',  IBS  CaCO>  and  2-6  water. 

aAKTTOVBTXXiZTm     Sja.  with  CuLoaitoioz. 

BAAAXT.  A  rock  of  Toleanic  origin,  ocearrins  in  amorphooi  maaedit  eahu 
amjgdalo'idal,  and  Teeicnlu.  Its  eoloon  are  greji^-bUek,  aah-graj,  and  isTm-l 
MiieiTe,  with  dni;  InatM  and  greonlar  rtmrtore.  rr*ctni«  nneren  or  coodv 
Concretions  colomnar,  globular,  or  tabnlar.  It  ii  opaqoe,  Tieldi  to  the  knife,  h 
not  euilj  fnngible.  Straak  light  aah-gre;.  Sp.  gr.  3.  Helta  into  a  black  gjui 
rrcoren  ita  gnuioJar  stmctore  by  alow  moling.  It  ia  (bund  in  bedi  and  t«i 
id   mica  lUte,  the  old  rod  eanditone,  and  coal  fonnationi.    It  ia  d 


bnted  on 


nUBwa,  compoard  of  columnt  thirty,  forty,  or  more  feet  in  hewht,  and  of  Mmn 
thidmol ;  those  at  Fairhead  are  two  hnndred  and  fifty  feet  high.  These  oonac 
Bome  of  the  moat  Mtoniahing  scenes  in  natore,  for  the  inmiBnaity  and  rr^nlaii 
their  parts,  ^lecDaat  of  Antrim  in  Ireland,  for  lbs  space  of  three  mibe  ia  1« 
exhibits  a  very  magni£eaDt  variety  of  cotomnar  difb ;  and  the  Giant's  Oam 
coniiitaof  a  point  itf  that  coast  formed  of  similar  eolnmni^  and  Foneeting  into  tb 
npon  a  descent  fiir  seTsral  hnndred  feet  These  cofaimns  aia,  for  the  moat 
hexagouBl,  and  fit  yerj  acconlely  together;  bnt  moot  frequently  do  no«  >d 
together,  thon^  water  cannot  penetrate  between  them.  Anc«h<c  Tciy  t«Bail 
fbrmalion  of  eolonuiar  basalt  is  the  island  of  Sta&  on  the  west  ooart  of  Sroti 
The  most  extensive  mass  of  basalt  yet  obeerred  is  that  discorered  by  Oolond  S 
in  the  Deccan,  where  it  occnpiee  a  suiface  of  many  thonsiuid  square  milea. 
Basalt  is  not  a  mineral  of  definite  constitDtion.  bnt  a  mixture  oT         '  •  — <- 


minermla  may  however  be  cepuced  by  oi 
felspar,  and  augits  by  ainphibole:  tbe 


jrs,  namely  labradorite  lij  other  ti 


generallj  of  Labradorite,   angilft  olivine,  raagnetie  iron  ore,  and  a  leolitb    T 

— ■ 1 L "-5  replaced  b'-  —- •-•-■<— j,.-^..  i .i. -.^ 

nphjbole;  t! 

le  of  thp  conrtituenta  of  baaait  vi ,  ..._  _..„ 

the  zeolite  are  decompoeible  by  bydmchloric  or  anlphoric  add ;  the  reat  for  tte  : 
part  reaiat  the  action  of  acids ;  but  the  analytical  resa]ts  obtained  by  thia  moc 
treatment  are  not  very  definite,  inssmnch  as  the  action  of  the  add  varies  wit 
■trench,  with  the  state  of  aggregation  of  t^e  basalt,  and  with  the  nature  el 
individaal  minerala  of  which  it  ia  composed.  The  oonstitaenta  of  basalt,  ale  ( 
(about  BO  per  cent.)  alnmina,  protoxide  of  iron,  lime,  magnesia,  potaah,  aoda 
water,  the  proportions  of  which  dii^  conidderahlj  in  Uie  several  vaiietie*  of  bs 
u  shown  In  the  DnmsroDS  analyses  which  have  baeii  made  of  it. 

Basalt  when  calcined  and  pulverised,  is  said  to  be  a  good  inbstitiita  tbr  pccsc 
in  the  composition  of  mortar,  giving  it  the  properly  of  hardening  under  water.  '^ 
bottles  have  likewise  been  manofkctored  with  it^  but  there  appean  to  be  some  ni 
required  io  the  management  to  ensure  mccM*.  A  miitnre  of  1  pt.  basalt,  2 
broken  slaas.  3  soda,  I  wood-Bsh,  and  ^  penxiide  of  manganese,  has  also  been 
for  similar  pnrposaa. 

BAAASiTXO  MOSMSKMMVB  usually  oeenrs  in  opaqne  six-ddedciTttal^W 
■oraetimes  act  on  the  magnetic  needle.  It  is  imbeaded  in  basalt  or  granwi 
Colour  velvet-black.  Lnstie  vitreoos.  Bciatdies  glass.  Helta  with  difBenl^  to  a  t 
I^MS.    Containa  17  par  oenL  silica,  36  aluminib  8  lime,  3  mignnu,  15  inn,  aan 
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vmter.    liiifoimdintheUflaltof  Arthni^sSeat^inihatofFifeiliin.andmi^ 
of  Mnlli  Ganni,  Eim;  and  Skye ;  aJso  in  the  basaltic  and  floets  tnma  of  Bngland, 
Ireland,  Saxony,  Bo'Cemia,  Sileoa,  Bavaria,  Hunipuy,  Spain,  Italy,  and  Fnsee.   U. 

See  Jaspbb.  —  ^m.^A^tvmm'wn^A^^.    See  iLMKinnL 


This  term  is  the  correlatiye  of  Aan>,  and  denotes  the  electropositive  coosti- 
tuent  of  a  salt  Its  signification  varies,  however,  to  a  certain  extent,  acoordinc  to  the 
view  which  is  taken  of  the  constitution  of  salts.  In  the  dnalistic  system,  wnich  re* 
gards  salts  as  formed  hy  the  nnion  of  two  binaiy  compounds  of  the  first  order,  e,ff, 
sulphate  of  copper  »  CnO-SO*;  sulpharsenate  of  potassium  ■-  SK'SjU^  :  hydro- 
ciilorate  of  ammonia  »  NH".Ha ;  nitrate  of  ethylamine  »  NH*(C*H*).HNO*,  &c. ; 
the  base  is  the  electropositive  oxide,  sulphide,  selenide,  or  alkaloid,  which  unites  with 
the  electronegative  oxide,  sulphide,  &c.,  or  hydracid ;  but  in  the  unitary  system,  in 
which  the  salts  o(  any  acid  are  regarded  as  formed  on  the  same  type  as  the  acid  {ct 
hydrogen*Mlt)  itself^  the  base  must  be  understood  as  the  metal  or  other  electropositive 
radicle  by  wldch  the  hydrogen  of  the  add  is  replaced :  thus  in  the  salts  above-men- 
tioned,  regarded  as  .CiiSO«,  K*AsS«,  NHH}1,  NH*(C*H*).NO*,  the  bases  are  the  radicles 
Cn,  K,  KH\  NH*(C'H*).  (See  Alxat.ts,  Alxaloids,  Amms,  AMKomuu-HAMaa^ 
Oxmss,  Badiouhi.) 

See  Htsbocibits. 

The  power  of  an  add  to  unite  with  one  or  more  atoms  of  base.    Set 
Acids,  p.  46. 

niLMXEMSUWif  OTMt  OV.  The  leaves  of  the  Oeymum  haaUicum,  a  plant  belongs 
ing  to  the  labiate  order,  ^eld  by  distillation  with  water,  an  essential  oil,  which  aftei 
a  while  deposits  prismatic  cmtals,  having  the  character  and  composition  of  hydrate 
of  turpentine,  C*«H»0*«C**H**.3H*0  (Dumas  and  PAligot).  The  oU  itself  has  not 
been  examined. 


The  seeds  of  this  plant,  which  grows  on  the  Hima- 
layas, yield  by  pressure  a  yellowish  oil,  which  gradually  becomes  colourless  on  expo- 
sure to  light,  has  a  faint  odour,  a  density  of  0*958,  and  a  buttenr  consistence  at 
ordinaiy  temperatures ;  melts  at  27^  to  30®  G. ;  dissolves  sparingly  in  anhydrous 
alcohol,  scarcely  at  all  in  spirit  of  ordinaiy  strength,  readily  in  ether.  By  saponifica- 
tion it  yields,  besides  oldc  add  and  giveerin,  two  fatty  adds,  one  which  has  not  been 
obtained  pure,  but  appears  to  have  the  compodtion  CH^O";  the  other,  originally 
supposed  to  be  a  peculiar  add,  and  caUed  hasisie  acid,  is  identical  in  composition  and 
properties  with  stearic  add,  CP'H'H)*.    (Hardwicke,  Chem.  Soc.  Qu.  J.  ii.  231.) 

MAMBOMXMm  The  prindpal  constituent  of  Gvmmi  bassorm,  G.  Ihritoneme,  or 
G.  Kuiera,  a  gum  obtained  from  various  species  of  acada.  This  gum  contains  only 
about  6*6  per  cent  of  matter  soluble  in  water  (arabin),  while  the  larger  proportion, 
which  is  the  bassorin,  merely  swells  up  in  water.    (See  Gum.) 

aASTABB  C&OVBB.  Tiifolium  kyhridtm, — 100  pts.  of  the  firesh  flowering 
plant  peld  2*44  ptn.  of  ash ;  100  pts.  of  the  dry  plant  8*1  pts.  of  ash.  The  ash  con- 
tains in  100  pts.  19'9  potash,  5*7  soda,  18*4  lime,  8*1  magnesia,  5*6  alumina  (?),  3*9 
eesquioxide  of  iron,  1*8  protoxide  of  manganese  (?),  85*1  silica,  1-4  sulphuric  anhydride, 
4*5  phosphoric  anhydride,  0*6  chlorine.    (Sprengel,  J.  pr.  Chem.  x.  56.) 

8ASTITS.  A  mineral  found  at  Basti  in  the  Han,  and  forming  imperfectly 
defined  individual  crystals  intergrown  with  serpentine.  It  deaves  very  easily  in  one 
direction,  less  easily  in  another,  maldn^  an  angle  of  87^  with  the  first ;  there  are  also 
two  impeifect  deavage-planes  in  the  direction  of  the  longitudinal  and  lateral  faces. 
Fracture,  uneven  and  splintery.  Colour,  leek  to  olive  green,  passing  into  yellow  and 
brown.  It  has  a  metallic,  glittering,  nacreous  lustre  on  the  deavaee-faoes ;  translucent 
on  t))c  edges.  Specific  gravity  2*6  to  2*8.  Hardness  3*5  to  4*0.  Gives  off  water  when 
heated,  and  before  the  blowpipe  becomes  pinchbeck-brown  and  magnetie;  it  then 
splinters,  mdting  to  a  brown  glass  on  the  edges.  With  borax  and  phosphorus-salt, 
it  eives  the  reactions  of  iron  and  chromium,  and  with  the  latter  a  skeletim  of  silica. 
It  IS  imperfectly  decomposed  by  hydrochloric,  completely  by  sulphuric  add.  Its 
composition  is  nearly  represented  by  the  formula  4MgH*0* .  8(Mg»  or  Fe*)Si'C)», 
which,  if  l^e  hydrogen  be  regarded  as  basic,  may  be  roihiced  to  the  general  form 
M'^Si^O**,  that  is  to  say  to  the  formula  of  an  orthosiliotte  M*SiO*.^  Hermann 
regards  the  mineral  as  crystallised  serpentine  somewhat  altered  in  compodtion  by  ad- 
mixture of  foreign  minerals ;  but  its  form  indicates  rather  a  relation  to  the  augite 
fiunily.    (Handw.  d.  Chem.  i  756.) 

BAftT&k  Graham's  name  for  the  metal  or  other  electropoiittTe  constitoent  of  a 
salt  (Elements  of  Chemistry,  2Dd  ed.  i.  186). 
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BATATAS— BATH. 

B.TATAB  MDir&ZB.  SometiiiiM  oiled  Oonvolnilut  btiatOM  Or  ^ 
o,  a  pUnt  Mud  to  Iw  indigeiKnu  in  India,  but  eitensiTelj  enMntcd  in  Aaa 
lomeliniM  «1m>  in  tha  aonth  of  Bnrope.  Tbe  tnbera  iMamble  tboM  ol  tka  pa 
isve  ■  aveeter  tute.  *.->™1iTig  to  T.  J.  Herapath  (Cb«m.  Bot.  Qa.  J. 
,  tfaey  eont&in,  in  the  freah  Mate,  6S-7  per  cent.  nt«r  and  otlMr  vidaliU  Bu 
TWet&bla  matter,  and  IS  inorganic  matter.  The  aab  contains  in  100  ptK :  - 
,)  SiUidU  in  ualrr.  —  87  CO',  71  SO",  0«  PK)*,  29-8  E?0,  124  KCC  and 
L 

,)  Ti%»Blii6U.~6-2  CO',  7-1  PK)*,  12-0  CaO,  H  MgO,  1-1  FeK)",  21  BiO*, 
■  of  lolphuria  acid  and  aliuaisft. 

cording  to  Hear7(J.Phann.  XL  223)  tbe  taben  contain  in  100  pt&  US  Mb 
Ibamiii,  3'3  mgor.  I'l  &t  insolnUe  in  fther,  6'8  woody  fibre,  1-4  nulie  acid, 
)bst«,a]iloiideof  potaainm,&e^aiid  73-1  watrr,  alio  OiU  of  aT^atalepoiaoi 


The  heat  commnnicated  from  lamn  and  fine  ia  eal^eet  to 
Qutaneea ;  and  this  Tahation  not  only  inflneDCM  tlie  reanlts  of  openUi 
ften  endangen  the  Tfuela,  eepecially  if  the;  are  mad»  of  glaM.  To  obnat*  t 
•B  cbsogH  of  tempnatore,  and  at  theaame  time  td'aSbrd  meani  of  obaerriiig 
ating  tbe  degree  of  heat  imparted,  the  Teeiel  conliiiiiiiig  tbe  inbetaiiee  oper 
ia  immerwd  in  another  containins  water,  oil,  fusible  melal,  air,  or  otbec  med 
1  receiTea  the  heat  diiecdj  from  uie  eoDrce.  The  eand-bath  and  water-batli 
eommonlj  naed,  the  latter  fbr  mainfjiniTig  ■  mbetance  for  an;  length  of  tin 
Dnrtant  lempentur*  of  100°  C.,  (he  former  fbr  higher  tempeiaton*^  pnticBl 
the  exact  ODserrBtion  of  the  tempeiMure  is  not  an  object  Id  oili^  (he  «i 
the  Tauel  to  b«  heated  ma;,  according  to  conTenience,  be  either  inunraaai 
'Mer  or  ao  placed  above  tbe  Tesssl  that  ite  lower  siufiue  ma;  be  in  ecotael  ^ 
team.  A.  read;  method  of  cooitmcting  a  water-bath  for  amall  opsstiotia  i 
the  badn  coataimng  the  mbatance  to  be  heated  on  the  top  of  another  of  « 
ODtaining  water  aad  anpported  OTcr  a  gas  lamp. 

e  temperature  of  the  water  batb  mi;  be  raised  above  100°  Cb;  diaK>lTing  cci 
in  the  water.  A  aatmrated  lolution  at  common  salt  boils  at  a  temparattire  of  7° 
>  3  E,  above  the  boiling  point  of  wMer ;  and  b;  nsing  a  aolatioD  of  cUoiid 
m,  a  bath  of  an;  temperature  between  100°  and  12£°  C  or  212°  and  2£2 
M  convenientl;  obtained. 

,aid  baths  ^  higher  temperatuK  are  obtained  b;  llie  use  of  linaeed  oil  cr  foi 
heated  in  east-iron  pots.    The  oil-bath  ma;  be  naed  for  temperatnrea  nr  *~  ' 
;,  anlasbales  an  ai 


,    latnrea  np  to  a 

Jiales  an  aitremalj  nnpleaaant  odour  when  atrongl;  has 

le  m*t*l  ia  mneh  ebanw  and  more  pleuant  to  we,  bat  ita  wei^t  u  aa  in 


C,  bnt  i(  ia  dir^,  a 


Loa  iriien  a  large  bath  is  reqnirad.  A  thermometer  immened  in  Ibe  Hqnid 
he  middle  as  possible,  serves  to  indicate  the  tanpeiB(ai«.  The  oil-bathu  n 
n  the  detenmnatiDn  of  vapoai^ensitifa  b;  Simias's  method,  »!«"  tea  heal 
-         is  aealed  tabei,  to  as  to  mbiject  (hem  to  a  Uf^  t. 
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pentuze  than  that  to  which  they  eoold  be  expoaed*  under  the  ordinazy  atmoapheric 
preasure.  The  danger  of  exploaion  attendins  thia  operation  may  be  obviated  by 
endoeing  the  aealod  glaaa  tube  in  a  ationg  tabe  of  wrought  iron,  haTing  a  maaaiye 
•crew  cap. 

The  air-bath  ia  rery  convenient  fbr  many  parpoam,  eapedally  for  deaiccation.  An 
air-bath  may  be  eztemporaneonaly  conatrocted  l^  placing  an  empty  baain  over  a  lamp^ 
and  another  baain  containing  the  aabatance  to  be  dried  on  the  top  of  it.  The  upper 
vessel  ia  then  heated  by  the  air  in  the  intervening  apace.  A  more  convenient  apparatua, 
which  alao  aervea  to  indicate  the  temperature,  conaiata  of  a  cylindrical  copper  veeael  A, 
Jiq.  94,  the  cover  of  which  ia  movable  and  haa  two  aperturea,  the  middle  aerving  for 
tiie  escape  of  vapour  and  the  lateral  one  for  the  inaertion  of  the  thermometer.  The 
vessel  to  be  heated  rests  on  a  ring  within  the  box,  aupported  by  a  tripod.  A  larg^ 
air-bath  aerving  to  heat  several  small  vessels  at  once  is  represented  in  fig.  96.  Air- 
batha  are  aometimefl  surrounded  with  a  jacket  to  hold  water  or  oiL  When  water  ia 
used,  the  temperature  of  course  cannot  exceed  100^  C.  When  oil  ia  used,  the  tempera- 
ture is  indicated  by  a  thermometer  having  its  bulb  immersed  in  the  liquid. 

UigK-fTtuvun  batkt, — ^The  danger  of  exploaion  in  heating  volatile  liquids  in  aealed 
tubes  is  greatly  diminished,  when  the  tubes  are  at  the  aame  time  autgected  to  a  prea- 
tore  from  without  Thia  may  be  effected  by  enclosing  the  tube  containing  the  volatila 
liquid  in  &  wider  glaaa  tube  containing  a  less  volatile  liquid,  and  likewise  aealed ;  tha 
whole  is  then  heated  in  an  oil-  or  air-bath.    In  thia  manner,  a^koM  or  ethar  maj  ba 


Fig,  97, 


heated  to  360°  C,  the  outer  tube  eontaining  oil  of  turpentine  (Berthelot).  Greater 
security  ia  obtained  by  enclosing  the  glaas  tube  in  a  wrought  iron  tube,  with  a 
screw-cap,  or  by  the  use  of  a  Papin's  digester,  or  better,  by  the  following  apparatu 
inrented  by  Frankland  (Ann.  Ch.  Pharm.  xcv.  80).  , 

A  A  (M.  96)  is  an  iron  cylinder  18}  inches  long,  8  inchee  internal  diameter, 
I  inch  thick  in  the  side,  and  welded  in  one  piecy  by  the  steam  hammer.    This  <?yUnder 


• 

I 


1     . 


•- 


k) 


J( 


522  BATH-METAT^BAULITK 

bu  &  ffiDCh,  B  B,  IJ  iach  tmad,  i  inch  thick,  tnnipd  troa  en  the  wpptt  Ml&ee 
bftTiDg  III  iat«nul  anDiilni  nmk  Xib  of  ftn  incli  bdor  th«  Wei  of  tho  rainiiuidiii| 
bee.  The  Mp  C  C,  which  is  of  Uie  nine  diuneUr  lod  tfai<^Mi  ■■  Uta  flaiH^ 
pTojeetingfaceJincii  deepvhiohfltiexacti;  intothemoathof  thec^indir.  Witlu 
pcojeelian  the  op  ii  pianid  with  two  ^>ertnrw,  into  one  of  which  ii  Sttad  ft  caat-ito) 
i,  e  inches  long  ud  J  inch  in  eztonai  diunrtsr,  filled  with  memuy  lad  dentin 
i  thennomet«r.    The  □lliei'  iqwrtore  is  honched  with  braaa,  and  h 


bed  of  tbesdie^-TilTe,  whidieiuuialaofbnuH  win}  inch  thick,  eoniewhat  (Una 
two  sidca,  ukd  nmiihed  with  a  head  ucontely  gnmnd  to  the  rar&ce  of  the  (u. 
tsItc  i3  loaded  in  the  nnul  waj  with  a  lercr  /  and  weight  a.  The  cap  and  ' 
■re  feetened  togethet  b;  AmT  ecrew-balts.  which  are  inacKed  horn  below  aadtigli 


mar  be  hoited  without  daiig(T  of  enlonon. 

Theapparatna  ia  heated  in  a  gaa-fonuce  iJ'9-  ^^j'  A  A  A  A  ia  a  maiwtra  fri 
wnmg^t-iTOQ,  within  which  ia  fixed  a  ^lindeiB  B,  cf  tin  plate,  cloaed  at  bottoi 
open  at  top  to  raceive  the  apparatua  aMve  desciihed.  e  ia  a  regulator  for  the  ■ 
Hon  of  ail.  The  gae-bnnier  is  a  (wpper  tnbe  e.  }  inch  wide  and  pipreed  witli 
20  i^iertnrda.  To  preTent  loaa  of  heat  bj  radiation,  the  whole  ^^lantai  ia  m 
in  a  cylinder  B'  B',  of  poliah^  tin  plate,  eepanted  from  the  inner  lylinder  Irr  a 
ahoat  I  an  iach  wide.    The  producta  of  oombnation  eac^w  bj  the  aperton*  D  I 

B&m-MSTA^  An  allc^  of  copper  and  aine  containing  a  largor  prop 
of  line  than  ordinary  braaa,  and  nanallj  prepared  by  melting  braaa  with  ainc^ 


L  and  I'Sy  water.  Colonc  rarying  from  light  gieeniih-giey,  like  that  of  i 
(Wrfuxoi),  to  white;  tranalncent  wiSi  wa:^  Inatre.  Speoflc  giari^  8-0  t 
Hardness  —  6*0.  Melts  before  the  blowpiiie,  aaanming  a  pale  ted  eolonr  with  lo 
of  cobalt;  ia  bat  alightly  attacked  by  aadl.  The  water  ^>P«*n  to  be  tatemi 
and  tbecompoaition  of  the  mioaral  appioachea  to  that  of  Monticellita.  (Haodw.  d.  I 
ii.  7fi7.) 

SATftACnO&VO  JUIXS-  An  acid  aaid  to  be  contained,  together  with  • 
add,  glycerin,  and  a  peculiar  yellow  £it,  in  the  oil  obtained  'bj  presaore  btn 
epiploon  of  the  water  aaJamander.    (Boiiignoii,  Compt.  rend.  ziiL  62S.) 

B<TmTBWWI'l'M  A  dense  vaiiety  of  magneaite  containing  ailiea.  tonne 
Baodisaero  in  Piedmont.  Aa  the  amoont  of  water  contained  is  it  ia  Tary  tii 
F.  T.  Eobell  and  Netunann  regard  it  aa  a  compact  hydnmugneeile  intinMel;  i 
with  ailiea. 

BAV^ITB,  or  KratlUt. — A  mineral  foond  on  the  Erabia  in  Iceland,  and  tik 
on  the  Banlabcic,  either  in  short  prismatic  dyatala  belongingto  tlie  triclinic  or  d 
oblique  prismatic  ^stem,  or  in  crystallo-granular  nuaaes.  Cleavace  id  two  direi 
at  Tight  angles  to  each  other.  Fractore  oneTrn  and  concholdal  Coloarleaa, 
glassy  Inatre ;  transparent  or  tranalncent.  Spedfle  giayity  2'JS  to  27.  Hardnei 
to  6-0.  In  the  following  table,  a  ia  the  analyaia  of  a  specimen  of  banlite  rcaem 
pearl ston e,  &om  the  Baulaberg,  by  Forchammet  (Ann.  Min.  viii  6t4):  6  is  tl 
a  cryatallo-gTEnnlar  variety  of  banlite,  ejected  by  the  Tolcano  of  Viti  in  Iceland,  i 
with  quarta-crysttLla  and  a  black  needle-shaped  mineia],  also  by  Porehhaminer 
aelinrB  Jahreeb.  iiiiL  261) :  cia  Qenth'a  analysia  (J.  pr.  Chem.  Ixri.  93),  of  cr 
liaed  bsniite  from  the  Erabla: 

SiO>      AIH)'     FeK)*    FeO  MnK)'   CaO     MgO     KK)     Vin    CI,      B 

a.  74'3B      UTS      IM  1-19      0-8S      0  SB      283      J'fi7      O-IX    t 

b.  76-65      11-S7  0-SS  O-OS      0-30      S-2t      3'7S 
e.  SU23      IIU                           tisCA     1-46     tnua     493      2-26 

Theaa  analysea  agree  snfflcientlj  well  with  the  formula  (M'0.38iO').(AI'0'.66 
which  (if  aT  =  |A1)  may  be  reduced  to  (M"ai')Mi'0°  or  2E'SiO'.7SiO',  the  for 
of  an  orthosilicate  with  }  at.  silica  ;  but  it  is  probable,  aa  Bnnaen  anpposei,  tlu 
tninoal  ia  intimately  mixed  with  orthoclase.  Before  the  blowpipe,  haolite  ia  fi 
invery  thinaplintera;  with  borax  and phoaphoroa-aalt  it  yielda clear  gl 
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SeeBAiULiTV. 


See  SoDxuic,  Chlobidb  of. 

A  gmn-reim  of  which  there  are  two  Tirietiea,  4fi^'0**^  and  Indian, 
ifricmn  bdellium  ie  deriTed,  aoooidiDff  to  Penotet^  from  a  ahmb  indisenoiia  in  Sene- 
;ainbia,  the  Hrndtlotia  qfrieana  (Gnillem  and  Perr);  Baltttmodendnm  qfrietmum 
Arnott);  AmyrU  NtoaUout  (AdansonX  belonging  to  the  amyredaoeona  rader.  It 
brme  irregular,  tranalooent  maases,  of  a  yellowiah,  reddiah,  or  browniah  colour,  aoeord- 
ng  to  age;  nnctaoiu  to  the  toudi,  brittle,  bat  aoon  aoftening,  and  nowinff  tonflfa 
>ctween  Sie  iingera.  Speciflc  p«Tit7 1'371.  It  haa  a  bitteriah  taste,  ana  a  moderatdj 
rtrong  balaamic  odour,  not  umke  that  of  myrrh.  It  does  not  eaailj  take  fire,  and 
rhen  set  on  fire  soon  goes  out :  in  burning  it  gires  off  a  balaamic  odour,  and  spatters 
%.  little,  owing  to  the  presence  of  moisture.  Aloohol  dissoWes  aboat  |  of  it,  Ibnning  a 
zrolden-yellow  tinctare,  from  which  water  throws  down  a  yellowiah-white  resin,  and 
aitrie  acid  a  salphor-yeliow  resin.  Potaah  diasolyes  it  completely.  By  diy  distillation 
it  yields  ammonia,  together  with  other  products.  According  to  Pelletier  (Ann.  C?h. 
Phya.  [2^  Izzx.  38),  it  contains  69  per  cent  resin,  0*2  gum,  80*6  TegetaUe  mucus,  and 
1  *2  ToUtale  oils  (and  loss). 

The  resin  is  transparent,  but  becomes  white  and  opaque  by  boiling  with  water ; 
melts  between  68^  and  60^  C.  According  to  Johnston  (J.  p.  Chem.  xxvL  146),  it  is 
C  ***//*'  0*.  The  sum  is  yellowish-grey,  and  when  treated  witn  nitric  add,  yields  malic 
but  DO  mucic  add.  ThcTegetable  mucus  is  also  yellowish-grer,  swells  up  with  water, 
con)z:ulates  with  alcohol,  and  is  couTerted  by  nitric  add  into  a  thin  liquid.  The  Tolatile 
oil  is  heayier  than  water. 

Indian  bdelHum  is  said  to  be  obtained  from  BaUamodendron  Mttkal  (Hooker), 
also  an  amyredaceous  tree,  growing  in  Sdnde.  It  forms  irregular,  greeniah-brown,  or 
blackish  mssees,  having  a  strong  odour,  and  sharp  bitter  taste  like  myxriL  It  becomes 
sticky  between  the  fin^^. 

aMJLV*  Two  spedes  of  bean  are  commonly  cultiyated  in  Europe,  yiz.  1.  Faba 
rtiJgaru^  or  Vieia  FabOy  the  common  field  or  garden  bean  (Feldbokne,  grasse  Bohne, 
Sanbohns),  the  most  common  garden  varieties  of  which  are  the  Windsor  broad  bean, 
the  Toker,  the  long-pod,  and  the  Masagnn,  while  for  field  cultivation,  the  Heligoland, 
or  tick-bean,  and  tne  common  horse-bean,  are  preferred  as  being  more  hu^y. — 
2.  PhasealuB  tulgaris^  the  French,  haricot,  or  kidney-bean,  innumerable  varieties  of 
which  are  cultivated,  some  dwarf^  others  climbing.  The  scarlet-runner,  Pkateolta 
muItiJloruM  is  closely  allied  to  this  spedes. 

The  seeds  of  these  several  spedes  and  varieties  differ  but  little  in  chemical  com- 
podtion,  as  the  following  tables  will  show;  but  they  are  all  remarkable  for  the  large 
amount  of  nitrogenous  matter  (legumin)  and  phosphoric  add  which  they  contain. 

Tarlb  a — Compontion  in  100  yarU  of  varioui  kinds  of  Bean, 


I.  Fi«M.beui     (oir^HM) 

t. 

3 

4. 


Hmrlcoi-b«an 
„    old  Irith  (vntff^nf) 
M    EfTP^^  {mndried) 


6.      M    common  white  (o^- 
dried) 


Lcmmin, 

Sagar. 

Gum. 

SUrcb. 

Fat. 

PMtin 
rabatanoet. 

Woody 
fibre. 

Alb. 

Water. 

MS 

_ 

44*a 

1-4 

^^^ 

lt-6 

Z-i, 

140 

sss 

«-o 

4*5 

36*0 

2-0 

4-0 

10-0 

8-6 

14*8 

sso 

oa 

4-0 

»i*0 

3-0 

1^0 

8-7 

14-0 

>47 

4-6 

afi-4 

S4 

17-6  • 

1-8 

l«-8 

M-6 

6-» 

31-5 

M 

18-9 

10-8 

• 

Y 

1*8 

n-% 

4A'4 

«-7 

6-Jf 

8-6 

19*3 

1.  Foggiale  (J.  Pharm.  [3]  zzx.  180).  The  shells  amounted  to  16  percent,  of 
the  weight  of  the  entire  pods,  and  contained  neither  legumin  nor  starch. — 2.  Mean  of 
earlier  analyses  by  Braconnot,  Horsford,  and  Krooker. —  3.  Mean  of  earlier  analyses  by 
Einhof,  Bonsdngault,  Horsford,  and  Erocker.  4,  6.  Poison  (Chem.  Gas.  1856. 
p.  211).— 6,  Pogeiale  {loc,  cit)  The  shells  amounted  to  7*6  per  cent,  of  the  weight 
of  the  entire  po<u,  contained  very  little  starch,  0*2  per  cent  fat,  6*6  nitrogenous 
matter,  and  6*8  ash. 

Ward  and  Eggar  (Jahresber.  f.  Chem.  1849,  p.  708),  obtained  ficom  several 
Tjirieties  of  fresh  beans  grown  on  various  soils :  2*4  to  8*6  per  cent,  nitro^n,  1*2  to 
1-7  percent  fat  and  11*0  to  17*0  per  cent  water. — Way  and  Ogston  obtained  from 
the  same  varieties  of  bean  (Heligoland  and  Mazagan),  grown  on  various  soils,  in 
100  pt8.  of  the  fresh  seeds :  8-1  to  17*0  per  cent  water,  and  in  1000  pts.  of  the  dried 
fteeds  of  five  varieties,  2*6  to  2*9  per  cent  sulphur,  in  a  sixth  kind,  4*8  per  cent 

sulphur. 

•  C«ll*iloM  and  Sbelli.  t  Celluloie. 
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Majer  (Ann-  Ch.  Fhtzm.  a.  1^4),  obtained  from  100  pla.  of  •irJried  K- 
inM,  11-8  to  12-S  per  cent  wmter,  1-13  and  1-IB  phospbonc  inhydride.  Mid 
I  nitTMen.  Id  dw»rf  h»rirot  be«ii>,  he  fonnd  10-1  per  cent  vUer,  l-0«  phoi 
hydri^  uid  8-82  niteogen ;  in  Elimbing  hmamA  beuu^  H  par  too.  »»t* 
otpborie  anhydiide,  and  3'17  mtrogen. 
The  t^u  ocenning  in  beani  ii  onudlj  raguded  u 


ToU  (A. 


Tasu  B.-  Compotiliim  (in 


6.  Kangan  bean  (leed  soim)  .  . 
S.         zuaed  tbarafram  on  eUj  (mI 

7.  „  „  aandj  loil 
8l  Heligoland  bean  iieti  atrwn) .  . 
S.         niaed  thenfiom  on  day  aoil 

10.  „  „       aandj  aail 

Piateotu*  aJgarii, 

11.  Harioot  bean  bom  Worm*      .    . 

12.  H  „      AlMce  .    .    . 

13.  „  „  EnifaeaMin  . 
11.        „               „      En^and    .    . 

n.  Stmw. 

16.  Common  flald  bean 

18.        n  

IT.  Maugao  baan  on  daj  wnl  .  . 
18.        „  „     landj  loil   ,    . 

""    ~ on  cU;  aoil  .    , 

•andf  Mil 


21-1 


0-2 


U-6 


1.  Analjraed  bf  Bichon(Handw.d.Ch»m.2»Aufl.iL  [31269).— 2.Bonsai 
»ui.)-~i.  ByBachner  (iAuf.)— 4-10  and  16-20.  Wa;  and  Ogaton  <Ja 
Ihe  Bojd  Agrieiilninl  Society,  ix.  pL  1).— 11.  LeTi  (flandv.)— 13- ^°°"i 
iHd.)—lS.Tltoa  {ibid.)—U.  Riebardaon  (JahnabpT.  f.  Chem.  I84T.  IMS, 
tafelC).— IS.  Bertirig(Hiuidw.)  This  contained  carbonic  add,  which  1 
ledncted. 

Tbe poda of  PtowofiMmu/fiA^nu  contain,  acooiding  to  T.  J.  Herapath  (CI 
9n.  J.  i).  94-1  percent  water;  air-dried,  thej  yielded 0'631  percent,  and,  afti 
It  100° C,  I0'7  per  cent,  of  aah,  containing:  — 

0/ malterioltiiU  in  vaUr  :  Il'l  carbonic  anbjdride  ;  3-i  mlphniic  anbj 
t'S  pboaphorie  anbydrids;  361  potaahj  4'S  chlorids  of  aodiiuB. 

0/ Motitr  intetudU  in  viater ;  22 '3  carbonate  of  caldnm;  8'8  carbmat*  cd 
neeinm;  ll-O  phoaphata  of  calciumi  anda2-l  ailica. 

BKAUIKOHTZTM.  A  mineral  fannd  in  the  gnaita  at  Jonea  Falla  nr 
more,  in  Korth  America,  in  square  pymmids,  hsTing  terminal  dihedral  anglea 
2S',  and  the  lateral  edgee  replaced  by  the  aquare  priam  go  P. 

CSeaTaga  parallel  to  o  P.  Yellowiib -white  to  honej-yellow,  tranalDcei 
Dacreona  Tmtre.  Specific  gravity  3'24.  Hxrdnefla  iS  tofi-O.  Accordinftol 
[Ann.  Ch.  FhjgL  [3]  ii.  386).  it  contains  fl4'2  eUica,  14-1  alamina,  4'S  luu^ 
acsia,  1-2  protoiidp  of  iron,  0'6  loda  (and  loss),  13'4  water.  Alger  and  Uw 
opinion  tfaat  the  mineral  thna  cbamclcrised  is  merely  slilliili-,  the  form  of  m 
been  ineorrectlj  determined,  and  th-  analysis  made  with  impure  maloiaL 
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Pharra.  xcix.  125^  found,  in  the  unripe  seeds,  another  kind  of  fogar,  which  he  rc 
fint  regarded  as  a  peculiar  substance,  designated  by  him  as  pkaseomanniUf  from  its 
ivsemblanoe  to  mannite.  According  to  later  investigations,  howerer,  it  appears  to  be 
identical  with  inosite,  the  saccharine  substance  which  Scherer  obtained  from  muscular 
flesh. 


iJke  Jsk  of  Beam  8ted  and  Bean  Straw, 


oxide  of 

Iron, 
FeHP. 

^1    ■    *      _j  — . 

^^      «_       t 

Phoa- 

Ash  per  cent. 

Sulphuric 

anhVdrklc, 

80>. 

Silica, 
SiO>. 

Carbonic 

anhydride, 

CO«. 

phorlc  an- 
bTdride, 

p«o». 

Chloride  of 

poUfsium, 

KCi. 

Chloride 

of  lodittm, 

MaCL 

In  sub- 
stance an- 
drird. 

In  sub- 
stance 
dried  at 
lOO^'C. 

1-0 

1-3 

2-4 

380 

2*4 

_ 

1-6 

0-6 

1-0 

36-7 

1*6 

0-7 

— 

0-6 

a— 

40*6 

trace 

30 

0-4 

3*4 

28*7 

— 

— 

2*87 

2*66 

<H 

4-3 

1-6 

1-6 

33*7 

— 

8*2 

2*86 

3-43 

01 

31 

0-4 

3-4 

36-7 

— 

— 

2*68 

301 

0-6 

31 

0*4 

0-8 

26*9 

0*9 

1*8 

2*48 

2-97 

0-8 

61 

22 

2-6 

29-9 

— 

— 

2-64 

2*90 

0-1 

6-2 

0-7 

2-8 

30*6 

— 

3*2 

2-63 

2*94 

0-3 

6-3 

0-04 

0-3 

33*3 

1*2 

3*2 

2-80 

383 

01 

2-6 

0*4 

31*3 

0*6 

— 

1-3 

10 

3-3 

28*4 

0*2 

0-3 

2-3 

1-6 

— 

36*9 

~- 

3*4 

2-8 

40 

41 

— 

170 

•~- 

2-8 

0-68 

20 

21 

11*3 

12-1 

0*4 

0-6 

1-4 

2-6 

25*3 

0*6 

— 

11*6 

4*97 

6*66 

0-7 

1-4 

2*2 

24*4 

6*6 

— 

100 

617 

6*81 

0-5 

5*4 

4-6 

22-6 

3*3 

— 

6-9 

4*64 

606 

0-4 

3*9 

1*5 

26-7 

111 

3*6 

110 

6*47 

7-24 

20 

21 

7-3 

181 

8-4 

— 

8*3 

606 

6*69 

The  name  Beawnontite  is  also  given  bj  Jackson  to  a  variety  of  siliceous  malachite^ 
or  an  allied  mineral  containing  smca,  water,  and  oxide  of  copper. 


[O  ACZB.  An  add  contained,  according  to  Macla^an,  in  the  bark  of 
the  Bebeeru  or  Siveeri  (Nectandra  Rodiei)^  a  tree  growmg  in  British  Guiana.  To  ob- 
tain the  acid,  the  bark  is  exhausted  with  water  add^ted  with  acetic  add ;  the 
alkalis,  bebirine  and  sepirine,  with  which  the  add  is  in  combination,  are  precipitated 
by  ammonia ;  the  filtered  liquid  is  predpitated  by  acetate  of  lead ;  the  predpitate 
decomposed  by  sulphuretted  hydrogen ;  the  dear  liquid  evaporated  over  sulphuric 
acid ;  and  the  resiaue  digested  in  ether,  which  dissolves  the  add,  but  leaves  the 
colouring  matter.  On  evaporating  the  ethereal  solution,  bebiric  add  remains  as  a 
white  crystalline  substance,  having  a  waxy  lustre.  By  exposure  to  the  air,  it  is  gra- 
dually reduced  to  a  syrupy  liquid.  It  melts  a  little  above  200^  C,  and  sublimes  in 
tufts  of  needles.  With  potash  and  soda,  it  forms  deliquescent  salts  soluble  in  alcohol ; 
aparingl^  soluble  salts  with  the  alkaline  earths ;  the  lead-salt  also  is  but  sparingly 
soluble  in  alcohoL 

saBZBXVB  or  »»B««»¥«a,  C>*H*>NO*  or  6*i9«>0*.— An  alkaloid  dia- 
covered  in  1834  by  Dr.  Bodie  of  Demerara,  in  the  bark  of  the  bebeeru  tree  (vid,  tup,\ 
Maclagan,  in  1843  (Ann.  Ch.  Pharm.  sdviii.  106),  showed  that  Kodie's  bebinna 
was  a  mixture  of  two  distinct  alkaloids,  which  he  denominated  behirine  and  sepirine. 
Tho  former  of  these  was  more  exactly  investigated  in  1846  by  Maclagan  and  Tilley 
(l*hil.  Mag.  xxvii.  186),  who  assigned  to  it  the  formula  C**IP*NO^.     But  bebirixie 
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tainad  perbMj  piue  bj  t.  Pl»ntft  (Ann.  Ch,  Phum.  IssTU.  333 

[t  Ih*  tomaii  aban  given. 

OH. — 1,  Ths  b*rk  ia  eibauated  villi  skUt  coaUiniog  mkluioe  ad 
■aDMDtrated,  Alterrd,  and  precipitated  br  ■■nn.nni^ ;  and  tlu  t"*^ 
if  bebiriae,  upinne,  and  tannin,  ia  dried,  dinalTed  in  madvlatid 
laed  with  animiJ  ebucoal.  The  aolntion  again  deeampiMed  bj  an 
iirlj  eolnorleia  pmdpilste  of  bebiriue  and  lepirine.  As,  hover 
rith  enimal  charcoal  Mvajg  occasioDi  a  certain  Iom  at  aUuli,  it  ia  b> 
)  precipitate  vhile  jet  moiat  with  oxide  of  lead  or  milk  of  lime.  < 
er  the  Tatar-bath,  extract  tlie  two  alkaloidi  by  meani  of  aleohi 
he  alcohalie  aolotion.  To  irparate  the  two  idkoioidii.  Ibe  pradBCl 
h  ethei,  which  diwolvee  onlj  the  bebirine  (Hicliigin  and  Till 
tine  pmpaMd  bj  the  proceujost  described,  ia  not  quite  pure,  an 
<  eom^elelT  in  ether.  It  ma;  be  porified  by  Uviting  it  with  aeet 
ate  of  lead  to  the  filtrate,  predpitaticg  the  mixture  with  eanitic 
I  {iredpitata  with  a  large  qoanti^  of  cold  water,  and  redinolnsg  ii 
tl  lolation,  when  evaporated,  lean*  the  bebirine  ia  the  form  of 
p,  which  ia  diaaolTedin  a  amall  qnintitj  of  ationg  alcohol,  and  the  ■ 
}p  bj  drop  to  a  coaiidenbU  quantity  of  water,  with  coaatant  agi 
uaepamtea  in  the  form  of  a  flocnleut  precipitate,  (v.  Plinta.) 
when  dij,  it  a  white,  amoiphons.  odourlcee  powder,  which  does  not 
I  to  the  air,  and  becomea  electrical  bj  fridioEL  It  melta  at  19S° 
lea,  which  deoampoaea  at  a  higher  temperatnra.  —  Br  boiling  with 
it  ii  oonverted  into  ■  yellow  pulveralsnt  nbataiice.  Heated  with  ■ 
4f  •  black  leain.    It  doea  not  yield  chinoline  vh.to  heated  with 

ia  nearlj^  inaohible  in  water,  bat  diasolvea  readily  in  alcohol  aai 
rith  ths  aid  of  heat  The  aolotion  haa  an  alkaline  inaction,  and 
litter  taate.  It  dilwlTea  readily  in  acetic  and  hydrochloric  acid.  1 
ratal  liaable  nJta.    It  ia  precipitated  from  iCa  aolatioDa  by  dQn^ 

urate  of  bMriiu  ia  very  aolnble  in  water ;  and  the  aohitioD  treale 
lis  or  their  earbonate*  yielda  bebirine  in  white  fiakeii,  eauilj  ac4obli 
magenta.  The  cUonmumiratt  ia  obtained  by  adding  mefcnric  < 
ion  of  the  hydrochlorate ;  a  naall  qnanticy  of  hydrochloric  aod  ti€  t 
m  increaaet  the  precipitate ;  bnt  an  eicna  rediaeolTea  it  The  eUaf 
■ed  precipiUle,  The  cAtoiVo/iiKiW,  ^(C"H"NO».HCl)Jta»,  ia  - 
'phona  preci[Mtala,  inaolnble  in  hydrochloric  add.  The  m/~  ' 
n|nlale ;  thensroli  yellow, 
o/iMrme  in  the  impnn  at«t«  ha>  been  nwd  ai  a  remedy  ii 


it  inqiedea  the  extcactioa  i 


y  of  qnaitx,  intergrown  with  compact  giey  limeatona. 
•  F»fftu  lylvadca. — Beech-wood  recently  felled,  ha«  a  ^ni&c  gn 
ontaina  40  par  cant,  water ;  aft<r  diying  in  the  air,  it  haa  a  (peafie 
id  contaioa  IB  to  20  per  cent.  watt^.  After  drying  at  100°  C.  it  tx 
0  Beer  (Alch.  Pbann.  [3]  Ivi  1B»\  10-1  to  18  3  par  cent  tarboa 
in,  46-S  to  411  oxygen,  and  I'i  to  0-6  aah.  Aeoocding  to  Chevi 
id.  zxiv.  SeS),  it  conUins  48'8  per  cent  C,  60  E.  131  0,  I'l 

per  cmt.  aah.     According  to  Sprengel  (J.  teehn.  Cbem.   xiiL  3t 
md  yieldi  OSSfi  per  cent  uh,  containing  O'll  cmde carbouat*  of  j 
rea  which  (all  in  aatamn  yield  6  6B5  per  cent  aah. 
wing  table  ezhibita  thecompodtion  percent  of  the  aah  of  beech-w« 
■i  0,0,  tare  by  Sprengel  (loe.  eiL);  i,  a  (Witting,  Fhann. 

h,  of  wood  gtown  on  aindatone  ifnaUer  Siuidtleiii),  near  Marhm; 


near  Uonchen  in  Enrfaeaaea ;  d,  *,/  (Hey 

'"D).     The  wood  wM  ^own  oa  *  I 

,     doced  yeariy  3-673  cobie  ntetre*  o 

ilioli);  0-96I  c  m   large  branch-wood  {PriuMoU) ;  0789  c-  n 


I,  Ann.  Ch.  Fhann.  Ixxxii.  180).     The  wood  wai  nvwn  o 


A  hectare  of  mr&ce  produced  yeariy  3-673  cobii 
;;  0-96I  c  m   large  branch-wood  {PriuMoU) ;  i 
1  (SlociioU):  and  1-8TB  c  m.  (tf  tviga  {BtiiieU);  and  theaa^ 
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'  wood  extntUd  from  the  tofl,  in  all,  51*3  kilogramme  of  ash,  vii.  the  stem-wood 
7*0  kiL,  the  large  branch-wood  9*9  kiL,  the  small  branch-wood  4-9  and  the  twig^ 
rood  19*6  kiL  Hence  a  cubic  metre  of  the  stem-wood  yields  6*842  kilogrammes 
•f  ash;  of  large  branch-wood  10-238  kiL;  and  of  twig-wood  14*144  kil.  The  table 
howB  also  that,  reckonins  from  the  bottom  upwards,  the  proportion  of  alkali  dimi- 
lishea,  that  of  the  phoapkoric  and  sulphuric  aM  increases ;  while  of  siUea^  the  twi^i 
Lawe  more  than  the  stem,  and  the  thidc  branches  least  of  alL 


Wood. 

Wood  with  Bark. 

Leaves. 

|pot«h 

e 

St(>m. 

Large 
BfAOcbes. 

Twlgi, 

m 

a 

b 

d 

t 

/ 

t 

k 

i4-9 

10-9 

«•• 

131 

is-s 

11-8 

6-1 

ISoda     •       .       . 

11 

1-31 

0*3 

31 

1*7 

1-8 

07 

1-0 

1  Lime   .... 

S74 

lS-5 

43-6 

39^ 

371 

40-2 

.M-7 

37-7 

MagDMU     .       .       . 

6-6 

l>-0 

S-4 

10-1 

13-4 

9-0 

6*1 

7-9 

Alumioa      • 

s-s 

o-os 

^ 

_ 

^_ 

^ 

1*1 

Ferric  oxkl* 

mm- 

.. 

0*6 

0-5 

01 

0-6 

0-8 

0*4 

Mnnganle  oxtde  • 
sulphanc  anhTdride 

7-4 

8*4 

trace 

0-9 

1-0 

©•« 

4  1 

9-4 

71 

10 

0*6 

04 

06 

!•• 

19 

1*3 

SUIca   .... 

»*S 

6-S 

S-1 

62 

ft>S 

§-S 

37*0 

M*S 

Carbonic  anhydride   . 

^ 

96-3 

»8 

19*6 

17-4 

16*3 

10-5 

Pbovphorlc  • 

-. 

5-6 

7-6 

6*0 

96 

10-3 

6*6 

48 

Ferric  pbotplMte 
Chloride  of  ■odhun    . 

15*1 

5HI 

6-7 

0*6 

0-1 

0*8 

0*1 

^ 

0>3 

Charcoal 

^ 

1-1 

Sand    .       •       .       , 

— 

10  7 

3-7 

The  bark  of  the  beech  contains,  toother  with  the  nsnal  constituents  of  regetable 
Eubetasces,  about  2  per  cent  of  tannrn,  also  a  peculiar  red  substance,  and  another 
which  smells  like  Tanilla.  The  latter  is  soluble  m  alcohol,  insoluble  in  water  and  in 
ether;  and  by  shaking  up  the  alcoholic  solution  with  hydrate  of  lead,  and  repeated 
precipitation  by  water,  it  may  be  obtained  as  tn  amorphous  white  powder,  with  an 
odour  of  Tanilla  and  a  bitter  taste.  It  dissolves  in  acetic  acid  and  in  alkalis;  nitric 
acid  conTeits  it  into  oxalic  acid.    (Lepage,  J.  Pharm.  [3]  xiL  181.) 

Dry  beech-bark  yields  about  0'6  per  cent,  crude  potash.  According  to  Her  twig 
(.•Vnn.  Ch.  Pharm.  zlvi.  97),  it  yields  6*6  per  cent  ash,  containing  in  100  pts.  3*0 
soluble  salts,  consisting  of  alkaline  carbonates,  sulphate  of  potassium,  and  a  trace  of 
oliloride  of  sodium,  and  97*0  pts.  of  insoluble  salts,  viz.  64*7  carbonate  of  calcium, 
16*9  magnesia,  2*7  ^osphate  of  calcium,  1*9  phosphates  of  magnesium,  aluminium, 
and  iron,  and  9*0  siuca. 

The  OBk  of  heeck-nuttjieldB  in  100  pU.  181  K'O,  7'5  Na'O,  19*5  CaO,  92  MgO, 
2  5  MdK)«,  16*5  PH)«,  0*7  KaCl,  1*5  SiO*.  91  CO',  and  9*4  charooaL  (Handw.  d.  Chem. 
2««  Aufl.  ii.  [2]  549.) 

aXBOB-WT  OI&.  Huile  de/aine,  C'*H^^ — Beech-nuts  yield,  by  pressure, 
about  17  percent,  of  a  clear,  light-yellow,  viscid  oiL  inodorous,  having  a  mild  taste  and 
a  density  of  0*9225  at  15^  C.  It  solidifies  at  17^  C,  and  is  coloured  rose-red  by 
nitric  aad.  It  is  a  non-drying  oil,  and  yields  a  white  soap.  It  is  used  in  cooking  and 
(or  Ulumination.  Mixed  with  eight  or  ten  times  its  bulk  of  water,  and  treated  at  60^ 
or  80^  C.  with  eUorine  sas,  it  is  conyerted  into  a  chlorinated  oil  containing  CH'^CIK)'. 
Bromine  acts  on  it  wi&  vidence,  but  ii  the  oil  be  cooled  at  the  same  tmie,  the  com- 
pound C'*H'%'0'  is  produced.    (Lefort,  Compt.  rend.  xxxv.  734.) 

Bam  is  the  wine  of  grain,  and  is  prepared  from  malt,  or  grain,  generally  barley, 
which  has  been  allowed  to  germinate.  The  grain  is  steeped  for  two  or  three  days  in 
water,  until  it  swells,  becomes  somewhat  tender,  and  tinges  the  water  of  a  bright 
reddish-bxown  colour.  The  water  being  then  drained  away,  the  barley  is  spread  about 
two  feet  thidc  upon  a  floor,  where  it  heats  spontaneously,  and  begins  to  grow  b^  first 
shooting  out  the  radicle.  In  this  state,  the  germination  is  stopped  by  spreading  it 
thinner,  and  turning  it  oyer  for  two  days ;  after  which  it  is  agam  made  into  a  heap. 


driiined,  germinated,  dried,  and  baked. 
Malt  if  diitingiiiahed  by  its  colour,  as  pale,  amber,  brown,  or  black  malt,  aooord- 
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llbrent  degree*  of  beat  to  which  it  has  been  eal^«cted.  Pel«  m 
gn  the  diring  tempentars  doe*  oot  exMed  M°  b>  100°  P^  ■« 
when  the  neat  has  been  raiaed  to  120°  to  12S°,  sod  lirown  ruU  it 
tek  melt,  commooljr  called  patent  malt,  ie  prepared  bj  naiEin 
ooffbe,  at  a  heat  of  360o  to  «00°  F. ;  it  ii  lued  a«  oolonnng  matter  ii 

1,  and  probably  all  large  grain,  reqatrea  to  be  loSered  to  gnnr  iatr 
.  ai  root,  before  it  is  fit  to  be  made  into  malt.  For  this  parpoae. 
two  or  three  iaches  deep  in  the  groond,  and  covered  with  loow  o 
twelve  duyi  it  BpringB  Dp.  In  this  state,  it  ia  taken  up  and  waaha 
ai  it  &om  dirt ;  and  then  dried  in  the  kihi  fbr  lue. 
I  pioceaB  of  germination,  the  albmninoiu  matter  of  the  bariej  or  i 
jiht  into  the  pecoliir  atate  called  diialtue,  in  which  it  acta  a*  a  Ax 
ooDtained  in  the  grain,  coaveTting  it  into  deitrin  and  angar,  and  thi 
olable.    A  portion  of  the  atarch  is,  however,  alwaja  left  a 


ing  E^oceaa,  and  ita  converaion  into  dextrin  and  engar  ia  complete 
ig.  The  benefit  o!  thia  Utter  praeeaa  ia,  therefore^  not  confined  b 
in  of  taoietnre  from  the  grain ;  indeed  kilnniried  cult  always  yir 
J  of  eaccharine  extract  than  malt  which  baa  b«en  left  to  dly  in  tbe  i 

■a  of  malt  ia  capable  of  converting  into  ingar  a  mneh  larger  qaant 
ut  which  the  ^vin  itself  contaiDi:  hence  m  the  prepsntion  of  tb 
Jt  ma;  be  mixed  with  a  certain  qnantity  of  nnmalted  baiieqr  at 
elgiom,  large  qnantitiee  of  beer  ais  prepared  from  mall  mixed 

MI,  the  malt,  aAcr  being  gionnd  or  ent  to  piecea  in  a  jnill.  ia  placed 
th  a  fiilae  bottom ;  water  at  about  1B0°  F.  ia  then  pound  upon  it 
rell  atjrred  about  by  suitable  macbiuBty.  This  operation  ia  called  i 
lie  infiuion  baa  been  left  for  a  few  hours  to  dariff  or  (rl,  the  dear  1 

ia  tranaferred  to  a  copper  boiler  and  boiled  with  hops,  which  give 
tic  taste,  and  perhaps  also  Fender  it  leas  liable  to  spoil  by  kee 
irt  haa  been  suffldently  boiled,  it  ia  drswu  from  the  copper  into 
la,  so  as  to  cool  it  aa  rapidly  as  possible  to  the  temperalnre  of  th> 
void  an  irr^ular  acid  fermentation,  to  which  it  would  otherwiae  be  L 
nafeired  to  the  fermenting  vata,  which  in  large  breweriea  am  of  , 

mixed  with  yeaat,  the  product  of  a  preceding  operation.  The  liqn 
;bt  into  a  state  of  commotion ;  the  augar  ia  more  or  leea  coutsIkI 
sarbonic  add,  which  escapee  aa  gaa ;  and  the  nitrogenous  matter  o 
verted  into  yeaat,  part  of  which  is  eipeoded  in  keeping  up  the  ferm 
e  teat  rises  to  the  surface.  The  fcnnentation  is  n^ver  auflered  t< 
I,  but  is  always  stopped  at  a  certain  point,  by  aepursting  the  jewt 
:he  beer  into  csaka.  A  alow  and  almost  inaensible  fermentatioD 
hereby  more  ofthe  angaria  converted  into  alcohol,  and  tbe  beer  ia  reiK 
leea  eaccharine. 

I  last  praeeaa,  the  beer  gradoally  become  clear  or  fine,  the  solid 
;  wbicb  float  about  in  it  dnring  the  ferraentstion,  and  render  it  mi 
]y  bronght  to  the  snrface  and  discharged  throogb  the  bnng-bolea  n 
a  ths  yeaat  is  conveyed  into  proper  receptaelsa.  A  very  effeetiT 
r  this  pnipose  is  adopted  at  the  extensive  bmwHriea  of  Hcasra.  Baai 
nrton-on-Trent,  for  a  description  and  figure  of  which  aee  Jfwr 
>L  L  p.  376.  Frequently,  however,  it  ia  found  Deceaiary  to  assia 
ly  mesne  of  Enbatancee  called  Jini»gt,  which  la;  hold  of  the  anspc 
iiecipitate  it  to  the  bottom.    LdngLua  diasolved  in  sonr  be«r  ia 

puipoae,  also  gektin,  while  of  egg,  aerum  of  blood,  CarTag^ieein  : 
d  atomach  of  the  cod,  called  mundi.  It  is  best,  however,  whei 
ikea  place  spontaneotuly,  without  the  naa  of  finings ;  for  all  these 
to  make  the  beer  fiat,  and  prevent  it  from  carrying  a  good  head, 
f  the  water  need  in  brewing  has  a  great  infinenc*  on  the  result. 
appears  to  favour  the  clarification,  by  combining  with  the  ad 
act,  and  forming  insoluble   salts,   which   canr  down  ths   ansp« 

spring-water  of  Borton-on-Trent  (not  that  of  the  river  Trent)  eoi 
3f  solphata  of  lime,  only  a  small  portion  of  which  is  preciuitatt 

th  and  taste  of  bwr  are  aosceplible  of  endless  nriefj,  aooording  t 
nanti^  of  the  malt  and  tu^  uaed,  and  the  mode  of  oondoctiug 
pHMKst,  bat  specially  the  lermentatioa.    If  ths  flrat  ffenncntalu 
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stopped  at  an  earij  stage,  the  beer  will  contaiii  a  considerable  quantity  of  sugar  and 
cotnparatiTely  little  akohol :  it  will  be  mild,  and  if  bottled,  will  acquire  the  proper^ 
of  enerreecing  strongly  when  the  bottle  is  opened,  because  the  carbonic  acid  proanced 
by  the  subsequent  slow  fermentation,  remains  dissolved  in  the  liquid,  and  escapes  with 
violence  as  soon  aa  the  prsssure  is  removed.  11,  on  the  other  hand,  the  fermentation 
be  allowed  to  go  on  in  the  vat  or  in  casks,  till  nearly  all  the  sugar  is  converted  into 
alcohol  and  the  carbonic  add  esci^>e8,  the  beer  then  becomes  more  alcoholic ;  but  if 
the  process  be  aUowed  to  go  on  too  long,  it  loses  its  biiskness  and  becomes  flat  and 
nnpalatable.  Strong  beers  are  those  which  contain  a  considerable  amount  of  alcohol ; 
•uostantial  besn  axe  those  which  are  rich  in  malt-extract;  the  latter  are  ahK)  said  to 
poesess  body. 

The  malt-liquors  consumed  in  this  country  are  of  two  kinds,  Aim  and  Pobtbb.    Ale 

19  prepared  from  the  paler  kinds  of  malt,  and  in  its  preparation,  the  first  fermentation 

is  checked  at  such  a  stsge  as  to  leave  a  considerable  quantity  of  saccharine  matter  in 

the  liquor,  which,  by  its  subsequent  conversion  into  alcohol  and  carbonic  acid,  may 

kef'p  up  the  briskness.    The  ale  is  mild  or  bitter,  according  to  the  quantity  of  hopa 

added  to  the  wort    PaU  aU  is  prepared  from  the  palest  malt  dried  in  the  sun  or  by 

steam  heat,  and  from  the  best  and  palest  hops.    An  essential  point  in  its  preparatioo 

ii«  to  keep  the  fermenting  temperature  as  low  as  possible,  never  allowing  it  to  rise 

above  72^  F.    By  this  means,  the  formation  of  acetic  add  is  prevented,  as  also  the 

solution  of  the  yeast  bv  alcohol,  which  always  communicates  an  unpleasant  flavour  to 

the  liquor, — and  the  delicate  flavour  and  aroma  of  the  hop  are  preserved.     Scotch  ale 

is  a  sweet  stronff  ale;  it  was  formerly  flavoured  with  honey,  but  that  practice  appears 

to  be  DOW  abaii£>ned.  - 

I\frter  is  a  dark-coloured  beer,  prepared  from  a  mixture  of  pale,  amber,  brown,  and 
black  malt  The  loUowing  table  (taken  from  Muspratt's  Chemistry)  exhibits  the 
CDinpositioB  of  the  vaviow  mixtues  empLojed : 

Table  of  Farter  GrUU, 


No. 

Black. 

Anbor* 

Pale. 

Total 

1 

.     9 

.    0 

.     0 

.    91 

.     100 

2 

.    6 

.  84 

.     0 

.    60 

.     100 

8 

.    2 

.  80 

.  10 

.    68 

.     100 

4 

.    8 

.  25 

.  16 

.    67 

.     100 

6 

.    4 

.  24 

.  24 

.    48 

.     100 

6 

.    6 

.    0 

.  96 

.      0 

.     100 

Of  these  the  preference  is  given  to  the  last  two ;  in  the  others,  the  excess  of  black  and 
brown  malt  utroduecs  too  much  carbonaceous  and  useless  matter,  whence  Uie  porter 
acquires  a  disagreeable  taste,  as  if  liquorice  were  added  to  it  The  fermentation  of 
porter  in  the  vats  is  carried  on  till  the  original  gravity  of  the  liquid  is  reduced  to 
about  one-third.  Stout  is  merdy  a  stronger  kind  of  porter.  SmaU  beer,  as  its  name 
implies,  is  a  weaker  liquor,  and  is  made  either  hj  addmg  a  large  quantity  of  water  to 
the  malt,  or  by  mashing  with  a  fresh  quantity  of  water,  the  residuum  left  after  ale  or 
porter  hss  been  drawn  off. 

The  temperature  at  which  the  fermentation  of  beer  is  conducted,  has  a  marked 
effect  on  its  quality,  and  especially  on  its  power  of  keeping  without  turning  sour. 
When  the  fermenting  temperature  ranges  from  66°  to  90°  F.,  as  is  the  case  with  the 
beers  of  England,  ^ance,  Belgium,  and  most  parts  of  Germany,  the  beer  gradually 
becomes  sour  by  contact  with  the  air,  the  alconol  being  slowly  converted  into  acetic 
add.  But  Bavarian  beer,  which  is  fermented  at  a  much  lower  temperature,  8°  or  10^ 
0.  (46*5  to  60^  F.),  does  not  undergo  this  change.  The  difference  arises  from  the 
maimer  in  which  the  fermentation  takes  place,  and  is  explained  by  laebig  as  follows : 
Wort  is  proportionally  richer  in  soluble  gluten  than  in  su(^,  and  when  set  to  ferment 
in  the  ordinazy  way,  it  evolves  a  laitte  quantity  of  yeast  m  the  state  of  a  thick  froth, 
with  bubbles  of  carbonic  add  gas  adhering  to  it,  whereby  it  is  floated  to  the  sur&ce 
of  the  liquid.  Now  the  conversion  of  gluten  into  yeast  is  partly,  at  leasts  a  process  of 
oxidation ;  and  when  the  liquor  is  covered  with  a  thick  scum,  as  just  described,  the 
gluten  still  dissolved  in  the  liquid,  not  having  free  access  to  the  air,  appears  to  take 
oxygen  from  the  sugar  and  other  matters  contained  in  the  liquid,  the  formation  of  the 
yeast  tbns  going  on  at  the  expense  of  the  sugar,  which  is  consequently  destroyed  belbre 
the  whole  of  the  eluten  is  converted  into  yeast  From  this  cause,  a  quantity  of  free 
gluten  is  left  in  the  liquid,  and  on  subsequent  exposure  to  the  air,  this  gluten  acts  as 
a  ferment,  inducing  the  conversion  of  the  alcohol  into  acetic  add.  In  the  Bavarian 
process,  on  the  contrary,  the  carbonic  acid,  instead  of  escaping  in  large  bubbles,  which, 
carry  the  Yeast  to  the  surface,  rifles  in  minute  bubbles  in  the  same  manner  as  from 
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;  little  or  no  wnii)  form*  on  tlu  rarikee,  bat  Uhtm 

is  prodoced.  inalu  to  the  bottom,  sod  lesree  the  nnfltea  of  the  wort  freelf  ea 

The  gluten  ii  thoa  eoDTerted  into  jeast  bj  atmo^ibcTk!  coidatisn,  uui 


iDe  una  oi  lermenuuon  iMt  oeaenDeo,  u  cuiea  oatam  jtrmmManom  (,( 
lAnHur),  ud  the  jeaat  prodoced  bj  it  bottom  gtetl  {Vnterlife);  «iiil«  the 
Lry  ftrinmhition  piDMS*  k  o*llea  fcp  fmntntaiion  {Obfryainma),  mm 
lut  whicb  it  pTodncee  lop  getl  {Obirltr/e).  Theaa  two  kiadi  of  7<ut 
■entUllj  in  their  pcopertiea  and  mode  t4 1011011.  The  tcp-;ea>t  ii  ghdea  oxidi 
■tate  of  palie&ctioD.  and  the  bottom  jeast  ia  the  glaten  oiidued  bj  triniiacai 
[>w  combiutioD.  £ach  of  them  han  a  tendeni^  to  induce  the  pajticilar  kind  ( 
entatioD  by  <rhich  it  va*  itaelf  pmdneed.     (Sea  Fibuktattok.) 

For  hrther  detaili  reipectiDg  the  preparation  and  propeitie*  of  bear,  we  the  a 
BIB  and  BaBwna  in  the  new  edition  of  Urit  Dictiimary  0/  ArU,  Mnnnfactfrt 
Una ;  aUo  the  article  Baas  in  Mutpratt*  CkanUtrj/,  and  in  th*  BntdmSri 
tr  CUmit.  1"  AnfL  u.  [I]  lOS'S 

Komal  eooatitventf  of  beer  are  akotiA  eMbeaa 
n  of  malt  and  hi^ ;  acetie  aeid  ii  alao  praaeal^  b»t  ita  • 

>f  carbonic  acid  in  beer  iabnt  amall,  no 
mt  eren  in  bottled  beer,  and  of  this  email  qnanti^ 
I  eooa  aa  the  beer  ia  opened.  Th(  atnngth  of  the  frothing  will  gtv«  a  *m; 
lea  of  iti  relatiTe  amonnt.  An  euct  eetimation  of  the  carbonie  aeid  ia 
tldom  neceasir; ;  bnt  if  deeiied,  it  may  be  made  bj  boiling  a  kBown  qaai 
le  beer  in  tlie  flask-appatatoa,  represented  in  ^.  &,  p.  lid,  (art,  J«w«nn 
he  carbonic  add  (anhydnms)  then  eacapea  a*  gas.  while  the  r^mira  of 
nd  alcohol  giren  off  at  the  same  time  are  retained  bj  the  chloride  of  calc 
le  drjing  tube. 
The  amonnt  of  acrtic  acid  ia  ertimated  bj  the  oanal  proBcaaaa  of  Aora 

The  qnanti^  of  eitractire  matter  in  beer  may  be  dettamined  bj  enp 
0  grammea  of  beer  in  a  pUtinnm  or  porceUin  dish,  and  drying  the  rRsidoe  in 
ath  (p.  SZO)  at  100°— 11G°  C.  tiU  it  eeaaea  to  loaa  weight.  Before  wvlgb 
inat  be  coolfd  under  a  bell-jar  over  chloride  of  caldnm,  as  it  ia  rrrrj  hj^rmeo\ 

It  ia  aeldom  npceeaary  to  examine  tile  eilractiTe  matter  an;  ftirtber.  It  i 
lainlj  of  sugar,  dextrin,  albuminoni  matter,  and  litpulin,  the  bitter  principle 
lop.  The  amotmt  of  dextrin  and  sugar  mav  be  determined  hr  moiatening  tb> 
mdue  with  water  to  a  thin  sjrof,  and  gradnall;  adding  ttrang  afcohol  aa  long  aa ' 
9  thereby  Beparated.  The  clear  gngai^aolntion  ma;  then  be  decanted,  and  tlia< 
reed  from  the  remaining  eugar  hj  repeated  aoIuCion  in  wat^'r  and  prectpitai 
IcohoL  The  solutiona  of  dextrin  and  angar  may  then  be  evaporated  to  djjnc 
he  reaiduo)  weighed.  The  allinminona  matter  maj  be  eetimstcd  &om  a  aepan 
ion  of  the  beer  bj  boiling  it  eo  aa  to  coagnlate  the  albnmiD,  collecting  the  pie 
in  a  tared  filter,  then  washing,  diring,  and  weighing  it.  Lastly  tiie  nam 
reighta  of  the  dextrin,  angar.  and  albnminoDa  matter,  deducted  from  tbe  total 
if  the  extract  giree  the  qnantit^  of  Inpalin. 

The  inorganic  constituents  of  beer  are  esCimBted  br  evaponting  to  dr 
mowf  quantity  of  the  beer,  charring  the  reetdae,  and  then  igniting  it,  as  in  tliep 
ion  of  plant-aahea  (p.  ilB).  They  conaist  chiefly  of  the  phcophatea  of  calcu 
nagneeinm.  Altaline  phosphates  may  likswiae  be  foom^  bnt  the  greater 
jiem  is  disBolred  out  during  the  maceratiou  of  the  barley  for  malting.  Comm 
rhioh  !■  aometimea  added  to  beer,  will  t^  oonrae  he  foiua  in  tlie  aab.  Anj  a 
ible  amount  of  alkaline  carbonate  may  be  attributed  to  alkali  added  to  "■-■>—' 
tdd  in  the  beer. 

The  amonnt  of  alcohol  in  beer  ia  awxrtained  by  distilling  MO  to  1000  g 
U  to  30  onncea)  in  a  aomewbat  capadons  retort,  harins  ita  neck  isdiaed  Bpwa 
nnneeted  with  a  Liebig'a  condenser,  reoeiring  the  distillate  in  ■  tared  ^1^n,  w 
t,  and  determining  its  specific  gravity  at  1S|  C.  (60°  F.),  that  <rf  water  at  H 
emperatnre  being  aaanmed  •-  1-000  ;  or  the  proportion  of  alcohol  laay  be  fi 
xstina  the  distillate  with  a  dclioat«  alcoholometer.  The  weight  per  cent  of  al 
^en  found  by  means  of  table  A,  which  ia  an  amplification  of  part  of  thi 
inder  Alcoboumotbt  (p,  81),  aitd  thence  the  total  anonnt  of  alcohol  in  tfa 
[Uantity  of  beer  may  be  foond. 

Siqipoee,  for  instance,  1000  grma.  d  bear  gare  S19-3B  grma.  of  dis>iUBtr  e< 


BEKK. 


581 


gniTitj  0*98949  At  60°  F. ;  then,  according  to  the  table,  the  distilliite  would  contain 
6*11  per  cent  aleohol,  and  therefore  the  616'38  grme.  of  distillate  would  contain  37*6 
grmfl.  alcohol  Now  these  37*6  grme.  of  alcohol  were  obtained  from  1000 j;rm8.  of  beer ; 
oonsequentlj  the  amount  of  akohol  in  the  beer  ia  3'76  per  cent.  The  trouble  of 
calculation  maj  be  eared  bj  diluting  the  distillate  till  its  weight  becomes  equal  to 
that  of  the  beer  employed ;  the  epecific  grarity  will  then  at  once  giye  the  percentage 
bj  weight  of  alcohol  in  the  beer.  1^  for  example,  the  distillate  after  dilution  exhibited 
a  specific  graritj  »  0*9932,  the  jpercenta^  of  alcohol  would  be  3*76.  If  a  Trails* 
alcoholometer  were  used,  it  would  show  in  the  distillate,  before  dilution,  a  peroentaoe 
hj  volume  of  7*6,  corresponding  to  6*11  bj  weight  In  using  the  alcoholometer,  it  is 
b««t  not  to  dilate  the  distillate,  unless  the  instrument  is  especiallj  graduated  for  foy 
weak  liquids.  If  the  obserred  spedfie  gravity  or  alcoholometer-degree  does  not  ooenr 
in  the  taUe^  the  weight  per  eent  of  alcohol  will  be  found  by  interpolation. 

Tablb  a. — Speeifie  Gravity  and  Strength  of  Spirits. 


VolllOM 

pcrcnt. 

Wdgfat 

ptTMOt. 

SpacUk  Gravity. 

VolOB* 

peront. 

Wright 
percent. 

Spedie  Oravttj. 

1- 

0-80 

0-99860 

4*6 

3*60 

0-99360 

1-1 

0*88 

0*99836 

4-6 

3-68 

0-99336 

1*2 

0-96 

0-99820 

4*7 

3*76 

0*99322 

1*8 

1*04 

0*99806 

4*8 

3*84 

0-99308 

1*4 

1*12 

0*99790 

4*9 

3*92 

0*99294 

1*6 

1*20 

0*99776 

6*0 

4*00 

0-99280 

1*6 

1*28 

0*99760 

6*1 

4*08 

0*99267 

17 

1*36 

0*99746 

6*2 

4-16 

0*99264 

1*8 

1*44 

0*99730 

6-3 

4*24 

0*99241 

1*9 

1*52 

0*99716 

6*4 

4*32 

0*99228 

2*0 

1*60 

0-99700 

6-6 

4*40 

0*99216 

2*1 

1*68 

0*99686 

6*6 

4-48 

0-99202 

2*2 

1*76 

0*99672 

6*7 

4-66 

0*99189 

2*3 

1*84 

0*99068 

6*8 

4*64 

0-99176 

2*4 

1*92 

0*99644 

6*9 

4-72 

0-99163 

2*6 

2*00 

0*99630 

6*0 

4-81 

0*99160 

2*6 

2*08 

0*99616 

6*1 

4-89 

0-99137 

2-7 

216 

0*99602 

6*2 

4-97 

0i)9124 

2-8 

2*24 

0*99688 

6*3 

6-06 

0-99111 

2-9 

2*32 

0*99674 

6*4 

6-13 

0-99098 

3-0 

2*40 

0*99660 

6*6 

6*21 

0-99086 

8*1 

2-48 

0*99646 

6*6 

6*30 

0-99072 

3*2 

2*66 

0*99632 

6*7 

6*38 

0-99069 

3*8 

2*64 

0*99618 

6*8 

6-46 

0-99046 

3-4 

2*72 

0*99604 

6*9 

6-64 

0-990S3 

3-6 

2*80 

0-99490 

7*0 

6-62 

0*99020 

3*6 

2*88 

0*99476 

7*1 

6*70 

0*99008 

3*7 

2*96 

0-99462 

7*2 

6*78 

0-98996 

3*8 

3*04 

0-99448 

7*3 

6-86 

0*98984 

3*9 

312 

0*99434 

7*4 

6*94 

0*98972 

4*0 

3*20 

0*99420 

7*6 

602 

0*98960 

4*1 

3*28 

0-99406 

7*6 

6*11 

0-98949 

4*2 

3*36 

0*99392 

7*7 

619 

0-98936 

4*3 

3*44 

0*99378 

7*8 

6*27 

0*98924 

4*4 

3*62 

0*99364 

7*9 

6*36 

0*98912 

8*0 

6-43 

0-98900 

The  residue  in  the  retort  may  be  used  for  determining  the  amount  of  eztractiTa 
matter  in  the  beer.  For  this  puipoee  it  is  diluted  with  water,  alter  cooling,  till  its 
weight  becomes  equal  to  that  of  the  beer  before  distillation,  and  the  amount  of  extnMV 
tire  matter  is  then  found  from  its  specific  gravity,  by  means  of  tables  provided  for  the 
piupose. 

The  following  is  taken  from  a  more  detailed  table  in  the  Handworterbuek^  2*«  Anfl.  ii 
[1]  1081. 
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Cmtll. 

',"^,?jsr 

ss,;. 

oTII^iSd.' 

«. 

In  It 

gfUi 

0«00 

1-019 

4-600 

1-033 

8iP26 

1061 

18- 

i>a60 

1-019 

4-7S0 

1-OST 

9-170 

1-066 

13- 

0-SOO 

1-020 

6-000 

1-038 

9-413 

1-066 

la- 

0750 

1-021 

6-2fi0 

1039 

9-667 

1-067 

13- 

1-000 

1-022 

6-fiOO 

1040 

9-901 

1-06S 

11- 

1-260 

1-028 

6-7S0 

1-Ml 

10-112 

1-069 

11 

1-600 

1-02* 

6-000 

1012 

10-381 

1-060 

14 

l-TM 

1-026 

S'244 

1043 

10-619 

1-061 

1* 

2000 

1-02S 

6-188 

1-044 

10-867 

1-062 

16 

2-260 

1-027 

6731 

1-046 

n-096 

1-063 

16 

2-600 

1-028 

6-976 

1046 

11-333 

1-064 

1*1 

a-7B0 

1-029 

7-219 

1-0*7 

11-696 

1-066 

16 

3-000 

1030 

7-463 

1-048 

11-80S 

1-066 

16 

3-260 

1-031 

7-706 

1-049 

12017 

1-067 

16 

3-6O0 

1-032 

7-960 

1-OSO 

I2-2B6 

1-068 

16 

B-760 

i-osa 

8196 

1-061 

12-623 

1-069 

16 

4-000 

1-034 

8-438 

1-062 

13-761 

1-070 

17 

4-260 

1-036 

»«81 

1-063 

13-000 

.     ,  't  Dictionary  ^  ArU,  Mmuifac 

,  mv  edition,  toL  ii  p.  610. 
mot  of  ftleohol  in  bear  may  in  most  cum  be  c&lenUted  witb  Bsfl 


d  bter  ii  tttt  l&in  that  of  the  boiled  bar,  in  til  nine  proporiien  at , 

tpiril  of  toiiu  of  equal  aleoAolic  ititnglh  it  lot  than  thai  of  toaUr, 
the  UDOont  of  alcohol  in  beer  acconlinglj,  the  beer  is  Bnt  freed  fraa 
by  brisk  agitatioD  in  a  capaciaua  flu^  anisted  p^hapa  b;  -mrj  ; 
ind  its  apeciflc  gravity  is  accnntelT  determined.  It  it  then  boiled  to 
>hol,  and  tile  residue  u  dilated  vitb  water,  till  iti  weight  beeomea  ei 
M  original  weight  of  the  beer ;  it  ia  then  filtered,  if  ncMHUj,  thrcn 
«r,  and  its  specific  graritj  likeviae  detemdned.  The  amonnl  of  alcol 
ited,  u  in  the  fbllowiog  example.  Suppose  the  speeiflc  grsTity  of  the  nul 
.  IhnD  eubonie  acid,  to  be  1-0250;  and  after  boiling  and  dilntioii 
le  inoeased  to  1-0320.  Then,  accordins  to  the  principle  just  atsted 
mt]  of  pure  spirit  of  the  lame  alcobtuic  strength  aa  the  bear,  will 
iras  1-0320:  1-0260;  that  U  to  aay,  it  will  be  J^^  -  09932,  which 
the  table,  page  631,  correaponda  to  3-8  par  cent, 
pirical  rale  for  finding  the  spedfie  grsTity  of  sjiirit  of  equal  strentrth 
;  Divide  thi  tptrific  gravity  of  the  tmboiUd  beer  by  that  of  tkt  biMtd 
■iginal  vieight  has  been  re»tt>rtd  bu  dilution. 

\r  that  the  results  obtained  by  tnis  method  (called  in  Qennany  the  Sj 
wiE  be  more  exact,  in  proportion  as  the  compoajtioii  of  the  beer  dil&n 
if  pare  spirit  of  equal  strength,  in  other  winds,  the  smaller  the  amos 
active  matter  conteined  in  tlie  beer.  For  beers  like  those  of  B«Tar 
rj  well ;  bat  for  those  which  contain  a  laiger  amonnt  of  extract  it  a 

ling's  Baeeharomelrie  tnttlud  {taccharinittrUelu  Bierprobt),  uidFae 
I  netiod  (Kaliymetritche  JBirryrobe),  which  latter  eonsiita  ia  detwm: 
it*  at  alcohol  and  extnctiTe  matter  in  beer  bj  the  qoantil^  of  ooo 
it  t*  capoMe  of  disaolTiiu  sea  HanJwSrterbueli  dtr  CAnnH,  3>*  An 
od  Handbuek  der  leekniiS-ehlnUtckm  Unttrtuekimgtn  tod  F.  A.  Bi 
ipiit  1861,  <■  390. 
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Original  Gravilg  e/ Bter-worla. — ' 
mUtaaoD.  ii  attended  with  a  dimitiiitiaii  of  densitf  in  the  liquid;  omstqaeiiL 
■pedfLc  gnrit]' of  beer  is  alirtifs  less  than  that  of  the  voit  befbm  termentitiiHi. 
m  the  nTenae-U>m  of  thii  countrj,  the  brewer  U  allowed  a  drawback  upon  *I1 
that  ii  exported,  the  unount  b«iiig  regulated  acoording  to  the  origintd  grant;  i 
work  Henee  it  i>  necewuy  that  the  revenue  ofBcer  be  poweaaed  of  a  metb 
determining  the  original  gravity,  &om  the  obeerred  ipedSc  gnvitj  and  csmpa 


detenninadon  of  the  orisiiiAl  gravi^  would  be  a  rerj  eaej  oiatler:  : 

tliat  areiT  1  per  eent,  of  alcohol  in  beer  corrwponda  vary  nearly  to  2  per  tr. 

■agar  in  Uie  wort  before  fermentation  :  hence  it  would  merely  be  Deceaaaij  to  i 


the  unfbnnented  wort ;  the  ipedfic  grarity  would  then  be  given  by  *  eicrtiaroi 
table,  meh  aa  Table  B,  p  1S32. 

For  example,  London  porter  (No.  I,  of  Table  D),  eontalni  S-O  per  cent,  of 
extraot  (which  we  shall  acppoae  to  coiudat  Of  itaMb-iogar),  and  G'l  per  cent,  al 
the  latter  comaponding  ^(proximately  to  I IHI  per  cent  Btarch-angar.  Hence  thi 
quantity  of  extract  in  the  nnfermented  wort  would  be  60  +  ID'S  —  IS-S,  gi' 
■pecific  gravity  of  MM. 

But  tbe  actual  problem  to  be  (olved  ia  much  leaa  aimple :  fir  the  vort  eo 
■everal  other  nibBtancea,  all  dillbring  more  or  tea  in  apecific  gravi^  &om  atAicL- 
Heuce  the  exact  determinatioii  of  arigioal  gravltiea  can  only  be  effected  t^  f 
obeervationa.  The  queatioo  haa  heen  eiamint^  by  Mveral  foreign  chemiata,  esp< 
by  Ba  lling  of  Prague,  in  bis  great  work  on  Brewing*  ;  in  thii  counttj  it  hi* 
investigated  by  Mraars.  Dobson  and  Phillipa,  of  tbeD^Mutnent  of  luliuid  Br 
and  mote  recently  by  Profeasoce  Graham,  Hofmann,  and  Bedwood.  fiom 
"  Beport  on  Origjiial  Qmitiee,"  f  the  following  obaervatioiui  are  extiactecL 

The  gubttaucee  oontained  In  beer-wort,  in  addition  to  atwch-augar,  are :  1.  A 
which  haa  not  been  converted  into  logar  in  the  proceas  of  mashiog.  2.  In  ma 
atances,  eane-tugar,  the  nae  of  which  ia  now  permitted  in  breweriea.  3.  Ca 
anaing  either  from  high-dried  malt,  or  from  treacle  or  bomt-angar,  the  uae  of 
in  the  breweij  of  porter  ia  alio  allowed  by  law.  4.  A  peculiar  eaochahne  aob« 
called  "  extractive  aubatance,"  resembling  caramel,  poaaeasing  decided  aaid  prop 
and  not  fermentable  by  yeaat,  even  aftej  boiling  with  anlphurio  acnd,  {  6.  Aa 
or  albnmiuoua  matter,  derived  fivm  the  grain.    6.  Alkaline  and  ouihy  lalta. 

The  albominoui  nutter  and  the  inorganic  lalta,  have  bnt  little  eBeet  on  the 
parative  denaitiaa  of  the  wart  befbre  and  after  fermentatiou ;  bnt  the  dextrin, 
mgar,  caramel,  and  "  extractive  matter,"  all  give  aolutioua  of  leaa  apeciflc  grvvit; 
»  aolntion  of  atarch-angar  containing  the  same  Qiooti^  of  carbon,  and  the 
capable  of  yielding  an  equal  amoimt  of  aleohoL  The  difierenoea  aia  exhibited 
fbUowing  table. 

Tabu  F. — aprcifie  GraviUa  of  SoIuHoiu  of  mrtow  SaocKAU«B  SoBsrAaciB,  a 
I±iM  and  Bsowit  Malt  eonlaining  tgvai  quantitiet  of  Casbo>. 


.ns^. 

**"■ 

«««. 

«™. 

^^:^ 

1010-4 

1010-1 

1000-7 

1010-0 

lOlOK) 

1030-8 

1020-2 

1019-S 

1017-8 

1017-3 

1020-3 

loao-s 

60 

1031-3 

1030-3 

1028-8 

1026-fi 

1026-2 

1030-fl 

1030-« 

76 

1043-4 

1040-8 

1038-3 

1036-6 

1034-9 

1041-2 

1041-a 

100 

10S3'fi 

lOSl-0 

1047-6 

1044-7 

1043-8 

1063-1 

1063-0 

lU 

1U64-S 

1061-8 

10fi7-3 

lDfi3-S 

1062-8 

1063-0 

1062-S 

1072-11 

1066-9 

1063-0 

1062-3 

1074-2 

1074-0 

1083-8 

1067-6 

1072-T 

1071-8 

1086-6 

1086-S 

108B4 

10B(-2 

108S-3 

1082-3 

1081-3 

1087-2 

10B7-2 

3U 

tlll'4 

1106-7 

lOBS-8 

1 091-0 

llOBfl 

1109-0 

SM 
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'llMBe  immben  plaiiily  sbow  thai  if  an  unfcrmented  wort  contains  eane-sugar  and 
ztnii«  and  the  grmvitj  lort  by  feraieDtation  is  inferred  from  the  quantity  ci  akohol 
contained  in  the  beer,  on  the  sappoeition  that  the  fermentable  matter  consisted  wholly 
of  staidi-«agar,  the  estimated  gravity  will  be  too  high;  and  on  the  other  hand  the  oon- 
Yenion  of  a  portion  of  the  fermentable  su^  into  nnfermentable  extractiTe  matter,  which 
g;iTes  a  solntion  of  lower  specifle  granty  for  the  same  amount  of  carbon,  will  cause 
the  estimate  of  the  original  gravity  to  come  out  too  low ;  indeed,  the  extractive  substance 
iodteatea  only  about  five-sixths  of  the  ^Msharine  principle  from  which  it  is  derived. 

To  obviate  these  diffiaulties^  the  authors  of  the  Beport  were  led  to  propose^br  the  deter- 
mination of  or^iaal  gravities,  a  imrely  empirical  method,  which  consisted  in  ferment- 
ing aolutiona  of  cane-«ngar,  starcji,  sugar,  and  malt^xtnct^  of  Imown  origins!  gravity, 
and  making,  at  ten  or  twelve  stages  of  the  process,  two  following  observations :  1.  Dis- 
ttlling  a  eonvmient  quantity  (4  fluid  ounces)  of  the  fSermented  liquid  in  a  retort  sa 
descrued  at  page  630,  diluting  the  aleoholie  distillate  with  water,  to  the  original 
Tolume  of  the  liquid,  and  taking  its  specific  gravity ;  this  deducted  ftoon  the  specific 
gravity  of  water («i  1000^  ^^^  ^®  spirit-indication  of  the  beer:  e.ff,  if  the 
specifie  gravity  of  the  aloonoHc  distillate  after  dilution  is  986 '95,  the  spirit-indication 
is  14 '06.  ^  2.  Diluting  the  boiled  beer  after  coding,  to  its  original  volume,  taking  its 
specific  gravity,  and  subtnusting  this,  which  is  called  the  extract -gravity,  from  the 
uown  original  gravity  of  the  wort  before  fermentation.  The  difiTerenoe  gives  the 
cumber  of  dtgrtts  of  gravity  loU^  corresponding  to  the  spirit-indication  previously 
observed.  The  results  of  a  long  series  of  determinations  of  this  kind  on  liauids  of 
known  original  gravity  are  piven  in  the  "  Beport "  in  the  form  of  tables :  of  uiese  we 
shall  quote  only  those  which  embody  the  ^necal  result  of  the  inquiry,  and  are 
intended  for  actaal  use  in  determining  the  original  gravity  of  beer-worts. 

Table  G  (pw  536)  is  to  be  used  when  the  spirit-indication  of  the  beer  is  found  by 
distiUatioH  in  the  manner  above-mentioned.  The  first  column  eives  the  integers  oi 
spirit-indication,  the  fractional  parts  (tenths)  thereof  being  placed  at  the  heads  of  the 
other  columns ;  the  numbers  in  these  several  columns  are  tlie  degrees  of  gravity  lost 
corroeponding  to  the  several  spirit-indications.  Thus,  suppose  that  a  sample  oi  beet 
distilled  as  above,  gives  a  spirit-indication  —  9*4,  and  extract-gravity  «  1030*6.  Od 
the  ninth  line  of  the  table,  and  in  the  column  headed  *4,  is  found  uie  number  41*2, 
which  is  the  gravUy  lottt,  and  this  added  to  the  extract-gravity,  gives  41*2  -f  1030*6 
B  1071'8  for  the  original  gravity  of  the  wort 

As  the  distillation  of  the  beer  in  a  retort,  and  collecting  of  the  entire  quantity  ot 
alcohol  evolved,  is  an  operation  which  occupies  considerable  time,  and  requires  some 
experience  in  manipulation,  it  is  often  desirable  to  obtain  the  spirit-indication  of  the  beer 
by  an  essier  process.  This  may  be  done  by  first  taldnp  the  specific  gravity  of  the  beer 
deprived  of  carbonic  acid  by  agitation,  then  boiling  it  in  a  fiask  till  all  the  alcohol  is 
expelled,  diluting  it  to  its  original  volume,  and  again  taking  its  specific  gravity.  The 
first  result,  the  beer-ffratnty,  deducted  from  the  second,  the  extract-gravity^  io  the 
new  spirit-indication :  thus  if  the  beer  before  boiling  has  a  specific  gravity  of  10447« 
and  after  boiling  of  1035'1,  the  spirit-indication  is  9*6  deareefli  By  numerous 
experiments  in  which  the  beer  was  boiled  in  a  retort^  and  the  alcohoUe  distillate 
collected  as  above,  it  was  found  that  the  second  method,  the  evaporation-method, 
gives  a  spirit-indication  nearly  equal  to  that  resulting  from  the  first  or  distillation- 
nipthod,  out  always  sensibly  less ;  thus  the  spirit-indication  of  a  particular  sample  was 
9*9  degrees  by  the  first  method,  and  9*6  by  tiie  second.  The  experiments  in  question 
were  made  on  liquids  of  known  original  gravity,  and  thus  a  series  of  determinatioiis 
were  obtained  of  the  relation  bettoeen  the  spirit-indication  as  determined  by  the 
evaporaiion-nuthod,  and  the  degrees  of  gravity  lost  The  general  results  of  the 
inquiry,  as  applied  to  malt-worts,  are  given  in  the  Table  H,  the  arrangement  of  which 
is  the  same  as  that  of  Table  G. 

The  authors  of  the  Report  likewise  sug^^est  a  rational  method  of  determining 
original  gravities,  wbich  is  interesting  in  a  scientific  point  of  view,  thongh  not  expedi- 
tious enough  for  practical  use.  It  is  as  follows :  First  determine  the  amount  of  alcohol 
in  the  beer  by  distillation.  Then  treat  the  residual  liquid,  which  generally  contains 
both  starch-sugar  and  unformentable  extrsctive  matter,  with  yeasty  to  complete  the 
fermentation,  and  determine  the  additional  quantity  of  alcohol  wus  produced,  making 
a  correction  for  that  which  is  introduced  by  the  yeast  itnell  Lastly,  make  up  the 
remaining  spiritless  liquor  with  water  to  the  original  volume  of  the  beer,  and  take  its 
specific  gravity,  a  correction  bong  also  made  for  the  increase  of  gravity  caused  bv  the 
yeast.  The  quantity  of  starch-sugar  corresponding  to  the  corrected  gravity  of  this 
solution  of  extractive  matter  may  now  be  found  from  a  table  provided  for  the  purpose ; 
and  this,  added  to  the  amount  of  starch-sugar  corresponding  to  the  alcohol,  gives  the 
total  quantity  of  stareh-sngar,  from  which  the  original  gravity  may  be  found  by  ihm 
saochwometer  tablet. 
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**  6 J  the  preMot  law  of  this  country,  nothing  is  allowed  to  enter  into  the  com* 
ofiition  of  beer,  except  malt  and  hops.  Quassia  and  wormwood  are  often  fraudulently 
itrodaced;  both  of  which  are  easily  discoverable  by  their  nauseous  bitter  taste, 
^hoy  form  a  beer  which  does  not  preserre  so  well  as  hop  beer.  Sulphate  of  iron, 
ium,  and  salt,  are  often  added  by  the  publicans,  under  the  name  of  b^-htading^  to 
mpait  a  frothing  property  to  beer,  when  it  is  poured  out  of  one  yessel  into  another, 
dolaseee  and  extract  of  gentian  root  are  added  with  the  same  Tiew.  Capsicum, 
rraina  of  paradise^  ginger  root,  coriander  seed,  and  oranffe  i>eel,  are  also  employed  to 
rive  pungency  and  flavour  to  weak  or  bad  beer.  The  foUowing  is  a  ILst  of  some  of  the 
Lnlawfril  substances  seised  at  different  breweries,  and  brewers*  druggists'  laboratories, 
n  London,  as  copied  from  the  Minutes  of  a  Committee  of  the  House  of  Commons ; 
rooeuius  indicus  muUum  (an  extract  of  the  cooculns),  colouring,  honey,  hartshorn 
iharings,  Spanish  juice,  oran^powder,  ginger,  grains  of  paradise,  quassia,  liquorice, 
:»raway  seeds,  copperas,  capsicum,  mixed  £ugB.  Sulphuric  add  is  frequently  added 
bo  bring  beer  fonoardL,  or  make  it  hard,  giring  to  new  beer  instantly  the  taste  of  what 
ia  eighteen  months  old.*' 

This  appears  at  first  sight,  a  rather  formidable  picture  of  adulteration :  nererthelesa 
most  of  the  articles  enumerated  are  perfectly  harmless,  and  of  those  which  are  really 
ixgorious,  the  use  appears  to  have  yezy  mucn  declined,  partly  perhaps  in  consequence 
of  the  improved  taste  of  consumers.  Formerly  there  was  a  preference  for  what  waa 
called  good  hard  beer,  that  is  to  say  beer  in  which  nearly  all  the  sugar  and  mudlago 
had  been  converted  into  alcohol  by  fermentation :  hence  the  use  of  sulphuric  acid, 
as  above  stated,  to  simulate  the  taste  of  beer  thus  advanced  in  fermentation. 
With  regard  to  burnt  sugar  or  treacle,  which  is  added  to  porter  to  give  colour  and 
body,  its  use  is  now  legalised,  and  therefore  it  can  no  longer  be  regarded  as  an 
adulteration. 

Picric  acid  and  ooceului  indicus  are  sometimes  added  to  give  bitterness  to  beer, 
especially  to  bitter  ale.  The  latter  of  these  substances  is  especially  objectionable,  as 
it  contains  a  very  poisonous  substance,  vis.  picrotoxin.  Picric  acid  may  be  detected 
according  to  Laseugne,  by  treating  the  liqmd,  evaporated  to  half  or  a  quarter  of  its 
bulk,  with  subacetate  of  lead,  or  shaking  it  up  with  powdered  animal  charcoaL  Pure 
beer  is  thereby  almost  wholly  decolorised ;  but  if  picric  add  is  present,  the  filtered 
liquid  retains  a  lemon-yellow  colour.  This  reaction  is  very  delicate,  sufficing  to  detect 
1  part  of  picric  add  in  12,000  to  18,000  parts  of  beer.  Subacetate  of  lead  likewise 
predpitates  the  bitter  prindple  of  the  hop,  and  thereby  deprives  pure  beer  of  its 
bitterness ;  but  beer  containing  picric  add  remains  bitter  after  being  thus  treated. 
According  to  Pohl  (Wien.  AIumL  Ber.  xii  88),  a  still  more  delicate  test  for  picric 
add  is  obtained  by  immersing  unbleached  sheep's  wool,  or  any  fabric  made  tnere- 
with,  ia  the  beer,  boiling  for  six  or  ten  minutes,  and  then  washing  the  wooL  If 
the  beer  is  pure,  the  wool  remains  white,  but  if  picric  add  is  present,  even  to  tho 
amount  of  onl^  1  pt  in  126,000,  the  wool  then  appears  of  a  canaiy-yellow  colour,  pale 
or  dull  accordmg  to  the  quantity. 

Picrotoxin  may  be  detected,  according  to  T.  J.  Herapath,  by  mixing  the  beer  with 
excess  of  acetate  of  lead ;  removing  the  lead  from  the  filtrate  by  sulphuretted  hydrogen ; 
filtering  again,  boiling  for  a  few  minutes ;  then  slowly  evaporating  the  solution  tiU  it 
becomes  thickish ;  shaking  it  up  with  pure  animal  charcoal ;  collecting  the  charcoal, 
which  contains  the  picrotoxin,  on  a  filter;  washing  it  with  the  smallest  possible 
quantity  of  water ;  theo  diying  it  at  100^  C. ;  boiling  it  with  alcohol ;  concentrating 
Uie  alcoholic  filtrate ;  and  leaving  it  to  evaporate.  The  picrotoxin  then  separates  in 
well  defined  quadrilateral  prisms ;  or  if  the  solution  be  rapidly  concentrated,  in 
beautiful  feathery  tufts.  (For  figures  of  these  crystals,  see  Muapraifs  Chemutry, 
i.  283.) 

Inorganic  substances  added  to  beer  will  be  found  in  the  ash.  Chalk  is  sometimes 
added  to  sour  beer  to  neutralise  the  add ;  in  that  case,  the  ash  will  contain  more  Hme 
than  the  normal  quantity.  If  copperas  has  been  added  to  promote  the  heading,  the 
liquid  will  give  the  reaction  of  sulphuric  add  with  chloride  of  barium,  and  the  ash 
will  contain  an  abnormal  quantity  of  oxide  of  iron. 

VMQfUTMrm  ▼O&ATX&B  SVZXXTv  Spiritus  ndphuri$  Beguini,  consists  essen- 
tially of  sulphide  of  ammonium  with  excess  of  sulphur. 

BSXAABOmrAf  OZZi  or.  An  oil  expressed  in  Wurtemberg  from  the  seed  of 
deadly  nightshade  (Atrova  belladonna),  and  used  for  illumination  and  for  culinaiy  pur- 
poM><i.  It  is  limpid,  of  golden-yellow  colour,  of  insipid  taste,  and  without  odour.  Sp.  gr. 
0-9250  at  5°  C.  It  thickens  at  - 16<^  C.  and  solidifies  at  -  2S^.  The  vapours  which 
it  exhales  during  the  process  of  extraction,  intoxicate  the  workmen.  The  narcotic 
principle  of  the  plant  is  retained  in  the  marc,  which  cannot  therefore  be  used  as  food 
for  cattle.     (Gerh  ii  881.) 
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BELLADONNINE— BENZAHIDE. 

Ab  alkaloid  aaid  to  «SMt  in  jUnpa  Mla^MOM. 
BMTnPTBrru. 
SUKORXM.    A  fatty  nibstancs  piepamd  (roB  BvmuM  n^tluk 

launrXTB.    KobeU'i  nama  for  SmaM-Oam. 

mm,  ez&  or.  The  oil  «xpr*Mti  from  the  fruits  of  MoringalhaBtifn, 
landaia  tuartHga  linn. ;  or  Morinffa  oUi/tra  Lara.  It  u  coloarieM  tr  •{ 
or,  ol  apedflc  gniTitj  0-S12,  thick  at  IS°  C.  solid  in  wintOT.    It  ii  odonria 

a  mild  taate,  i>  oeutral  to  t«at-piiper,  and  does  sot  readily  become  ranod. 
1  ID  perftimery  to  extract  the  odoraoi  principle  of  fra^ant  ptaabi.  In  Indi 
1  aa  an  embraeation  for  rheomatinn.  According  to  volcfcer  (Add.  Cb.  1 
'.  Si2),  it  ii  aaponified  perfectly  W  potaah,  iOO  grammea  TieldiDg  i^ 
mnica  of  a  mixture  of  eolid  fattj  adds,  together  with  olme  add.  Tha  boH( 
li  an :  I.  An  add  aolnble  in  atrong  alcohol,  iuoluMe  in  otdinary  aknluil,  i 
18"  C.  and  containing  Bl-6  per  cent  carbon  and  ISS  hydrogen,  Dninb«« 
ToiiniBte  to  the  formula  CIP'O' ;  but  the  quantity  obtained  vas  too  ne 
iplete  inTestJgatioit. — 2,  Ordinary  margaric  add. — 3.  An  add  leaembling 
1,  and  eall^  by  Vijleker,  benie  aad. 

inothet  kind  of  oil  of  ben,  said  to  be  obtained  from  the  aoeds  of  Morhtgtt 
ds  by  saponification  four  fli«d  htty  adds.  Tii.  stearie  add,  margaric  add.  a 
oliar  adds,  bmie  add  and  monngie  aad.  (Walter.  Compt.  rand,  zzii  114. 
IBMXO  A<m>.  This  name  has  bees  applied  to  two  difTerent  fatly  acida 
led  in  the  lost  article^  both  oljtained  from  oil  of  ben.  the  one  by  Volcker,  th 
Waltfir.  For  distinction,  Volcker'a  add,  which  haa  the  higher  melting  poii 
^ed  benotttarie  acid,  and  Waltet'i  fKntnaaTgaric  acid. 
ItsajuxaAaiB  Acn>,  C>*H"0',  cryrtaJlisea  &om  its  alcoholic  nlution  in  Teij 
ulea,  melting  at  62°  or  63°  0. 

tenoniarganite  of  ttkyl  is  Teiy  soluble  in  alcohol,  and  separatee  from  the  ■ 
k  eiTBtalline  mass.  It  melta  at  a  very  low  temperatarr,  mmt  at  tbe  heat 
d.    (Walter.) 

iBHosTusicAcm,  C'H'K)'  according  to  Volcker,  (PH'H)' according  to  Sti 
in.  Ch.  Fharm.  Ixit.  346). — The  latter  formula  agrees  with  Volcker'a  analj'sii 
n  the  former.    It  is  a  white  crystalline  &t,  melting  at  76°  C.  and  soLdif; 

C.  to  a  shining  white  dystalline  mass,  composed  of  needles,  which  may  be 
nwder;  it  iseotuble  in  alcohol,  and  bears  a  stroog  resemblaocs  to  stearic  add 
Icnmlearaie  of  todium,  (^R'NaO*,  is  obtained  by  sapooi^ring  the  add  wi 
ate  of  sodium,  and  dissolving  the  dried  soap  in  absolute  alcohoL  The  al 
LtioD  solidiSes  after  a  while  to  a  gBlatinous  pulp,  which  is  reaolred  into  ayj 
ins  bj|  drenching  it  with  a  large  qnanUty  of  alcohol.  The  ioriiMi-Balt,  C"H* 
iredpitAtHl  on  mixing  an  alcoholic  aofutian  of  the  aodium-salt  with  chk 
iam.  The  lead-ta.]t.  C«H''Fb"0*,  ia  a  whito  predpilate  obtained  b;  '"'■^ 
B  soap  with  acetate  of  lead. 

\enoitraratt  of  tthi/l,  C^'O'.C'H*,  ia  obtained  hj  pawiiig  hrdiodilorie  ai 
)tigh  a  solution  of  the  add  in  absolute  alcohoL    It  is  a  ctyatalUne  mas^  idbI 

or  4900.     (Volcker.) 

miKAXI>X9&  Sjn.  with  hydride  of  bensoyL  Sea  Bnoon,  HTOMnn 
tBWX&XXO  All  111.  Syn.  with  OxTBnnuca  AetO  (;.  v.) 
laMSAJOBa.  CTHTSO  -  N.C^'O.W.—Kitridt  ^  Buuofl  and  Zft< 
ibigaodTohler,  Ann.  Ch.  Pharm.iiLZeSiFehling,iMi{.isTiii48;  Sel; 
.  IxiT.  198;  Laurent,  Her.  Sdentxri.  391;  Oer hard t.  Traits,  liL  Ixxr. 
'his  bodjt  may  be  obtained  in  Tarions  ways.  I.  Bj  the  action  of  ammonia  < 
B,  eUcnde,  or  <7anide  of  benioyL  Chloride  at  benKnl,  when  aatnrated  vi 
Ij^  dry  ammonia,  erolres  beat  and  solidiflea  mto  a  white  maaa  of  boumnii 
ride  of  ammonium,  whieh  moat  be  repeatedly  brokm  up,  Icot  any  ddoride  1 
:  be  enclosed  in  it,  and  to  ewBpe  the  action  <rf  the  ■tnii»mi»  Tbt  atl-maaac 
'acted  with  cold  water,  and  the  beDiamide  ayatollised  from  boiling  wator. 
It  prefers  pounding  chloride  of  benzoyl  in  a  mortar,  with  exMM  of  coamerci 
ito  of  ammDiuDm,  heating  the  whole  gently,  extneting  with  cold  wate 
tallising  the  residue  from  alcohol  or  boiling  water.  I«iirent  preparea  it  bf  1 
Jcoholic  solution  of  chloride  of  benzoyl  with  aqueous  ammonia. — 3.  P"  * 
mmonia  on  benioie  anhydride. — 3.  By  the  action  of  ammonia  on  benxc 

reaction  takes  place  slowly  at  the  ordinary  temperature,  more  npidly  wli 
r  is  healed  with  aqueous  ammonia  OTer  100°  C.  in  aeeiJed  tube  ^amka).— 
inghippwic  acid  with  water  and  peroxide  of  lead  (achwari,  Fahling); 
ing  it  in  a  stream  of  dry  hydrochloric  add.     (Stfccker.) 
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When  its  hot  aqneona  solation  is  eooled  suddenly,  benzamide  separates  in  small 
aiiy  crystals,  rraemblinff  those  of  potassic  chlorate.  When  it  is  cooled  slowly,  it 
lidifies  into  a  mass  of  white  shining  needles,  in  which  eayities  form  after  a  time,  con- 
ining  one  or  more  laige  crystals ;  the  transformation  extends  gradually  thiongh  the 
bole  mass.  The  finest  ciystals  are  obtained  from  a  solation  containing  a  little 
»tash  or  ammonia.  The  crystals  belong  to  the  trimetrie  system.  Benzamide  is  in- 
Loroua,  almost  insoluble  in  cold  water,  soluble  in  hot  water  (eepeciaUy  if  it  contains 
nmonia),  in  alcohol,  and  in  ether.  It  melts  at  116^  C,  and  soudifies  on  cooling  to  a 
ystalline  mass;  between  286^  and  290°  it  Tolatilises  undeoomposed ;  its  Tapour 
aells  slightly  of  bitter  almonds,  owing  to  the  formation  of  some  bononitrile,  is  veiy 
iflammable,  and  bums  with  a  smoky  flame. 

When  vapour  of  benzamide  is  pamed  through  a  red-hot  tube,  it  is  but  dighthr  de- 
imposed,  a  small  portion  of  a  sweetish  oil  being  formed,  which,  according  toGerfaardt» 

benzonitrile.  It  is  decomposed  at  a  moderate  heat,  when  passed  through  a  tube 
lied  with  pumice-stone,  yielding  hydrogen,  nitrogen,  carbonic  oxide,  and  benzol 
Barreswil).  Benzamide  is  not  decomposed  br  cold  caustic  potash;  but  on  boiling, 
itaAsic  benzoate  is  formed,  and  ammonia  evolTed.  It  is  similarly  decomposed  bj 
oiling  with  strong  adds,  the  solution  on  cooling  depositing  benzoic  add,  while  it  re* 
lIqs  the  ammonium-salt  of  the  add  employed,  mien  baryta  is  heated  with  benza- 
lide,  it  undergoes  a  kind  of  fusion,  and  appears  to  be  conyerted  into  hydrate  of 
u-iom ;  ammonia  is  erolved,  together  with  the  oil  which  Oerhardt  regards  as  benzo- 
itrlle.  -  Benzamide,  heated  with  potassium,  yields  cyanide  of  potassium  and  benzo- 
itrile  (cyanide  of  phenyl),  but  no  ammonia.  Heated  with  benzoic  anhydride,  or 
iloride  of  benzoyl,  it  yiel<ls  benzonitrile  and  benzoic  add : 

CBPNO  +  C»«H»H)«   «  2C'H«0«  +  CrH*N 

Bois.  anhyd.       Bens.  add.    BflnsooltrUe. 

CH»NO  +  CmK>.Ci  -  (THW  +  C»H«N  +  Ha 

benzonitrile  is  also  formed  when  benzamide  is  heated  alone,  or  in  a  stream  of  diy 
ydrochloric  acid  (Handw.) ;  or  treated  with  phosphoric  ai\hydride  or  pentachloride  oi 
hosphorua.  Benzamide  is  not  decomposed  by  boiling  witii  water  and  peroxide  of 
<«d ;  but  if  hydrochloric  or  sulphuric  acid  be  added,  and  the  whole  boiled,  filtered, 
lixed  with  ammonia,  and  exposed  to  the  air,  it  turns  brown,  and  deposits  a  mould- 
Jce  substance. 

When  benzamide  is  gently  heated  with  ftiming  hydrochloric  add,  it  dissolves,  con- 
ining  with  the  add,  and  forming  hydrochlorate  of  benzamide^  CH^O.HCl,  which 
Bparates  on  cooling  in  long  aggregated  prisms.  It  is  a  t^  unstable  compound ;  the 
rystals  give  off  hydrochloric  add  when  exposed  to  the  air,  and  in  a  few  days  have 
^come  opaque,  and  lost  the  whole  of  their  add.  (Dessaignes,  Ann.  Ch.  Phys.  [3] 
X3dv.  146.J  ^ 

Benzamide  is  a  primary  amide,  i. «.  it  represents  1  at  NH*  in  which  IH  is  replaced 
y  berco^L  The  remaining  2H  may  be  wholly  or  partially  replaced  by  a  metal,  or 
n  organic  add  or  basic  radide,  secondary  or  tertiary  amides  or  alkalamides  being 
>rmed.  Those  alkalamides  which  contain  organic  radides  are  described  under  the 
orrespondin^  amine ;  the  amides  and  those  of  the  alkalamides  which  contain  a  metal 
.'ill  be  described  here. 

Beneomerouramide.  C>«H»«Hg'TI*0«  -  (N.(?H»O.H)«Hg^  (Dessaignes, 
re  rhardt,  /oc.  eit.), — ^Aqueous  benzamide  dissolves  mercuric  oxide  abundantly,  and 
he  saturated  solution  solidifies  to  a  crystalline  mass,  which  is  coloured  with  excess  of 
xide.  This  is  treated  with  hot  alcohol,  and  the  solution  on  cooling  deposits  benzo- 
tiercurnmide  in  white  shining  lamine,  which  may  be  washed  and  dried  at  100°  C.  It 
s  readily  soluble  in  alcohol  and  boiling  ether.  It  is  violently  attacked  by  chloride  of 
'oiizoyl,  yielding  benzoic  add,  benionitrile,  and  chloride  of  mercury. 

Aqueous  benzamide  also  dissolves  small  quantities  of  cupric  and  argentic  oxides ; 
xit  the  compounds  have  not  beoa  examined. 

Benracetoaulphophenamide,  C^'H^^NSO*  -  N.C'H*O.C«H»O.C^»SO«  —  Pro- 
luced  by  the  action  of  chloride  of  acefyl  on  benzosulphophenylargentamide. 

BtmocumyUulphophenamide,  C««H»»NSO«  «  N.CH»O.C'»H"O.C«H»SO«,  is 
obtained  by  the  action  oi  chloride  of  cumyl  on  benzosulphophenargentamide ;  it  crys- 
tallises from  ether  in  ooniiised  prisms. 

Bentotalicylimide,  C"H»NO«  ==  N.C'H^O.C^H^q"  (Limpricht,  Ann.  Ch. 
Phorm.  xcix.  250). — Obtained  by  heating  benzosalicylamic  acid  (benzosalicylamide)  in 
(I  small  retort  to  270^  C,  until  about  J  has  volatilised,  and  boiling  the  reddue  with 
small  quantities  of  alcohol,  to  remove  the  undecomposed  acid.  The  pulverulent  benzo- 
Balicylimide  is  dissolved  in  a  larger  quantity  of  boiling  alcohol,  whence  it  separates  on 
eooUDg  in  small  yellowish  needles.    It  is  soluble  in  about  1000  pts.  boiling  alcohoL 
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h«  9ho%t,  but  difibn  from  it  sli^tly  in  nropartiefl,  being  insolable  in  witer,  solvUe 
B  aloohol  or  ammoniA,  whence  it  OTSttUises  in  fine  n^dles.  It  erolyee  nmmnmi^ 
rhen  boiled  with  potash. 

Nitrohenramide.  (TH^NH)*  -  N.(rH*(NO«)0^.  (Field,  Ann.  Ch.  Pharm. 
icT.  \b.  Chan  eel,  Oompt  Ghim.  1849,  ISO.V—Obtained  in  small  qnantitj  by  fusing 
itrobensoate  ci  ammoninm.  Better,  by  aading  aqueous  ammonia  to  a  solution  of 
litrobenzoie  ether  in  a  rather  large  quantity  of  alcohol,  and  allowing  the  mixture  to 
land  for  some  days  till  it  is  not  rendered  turbid  by  water.  It  is  then  evapo- 
ated  on  the  water-bath  till  it  crystallises  on  cooling ;  and  the  crystals  are  purified 
y  recrystallisation  from  mixed  alcohol  and  ether.  It  is  also  formed  by  the  action 
f  ammonia  on  chloride  of  nitrobenzoyL  Nitrobenzamide  is  slightly  soluble  in 
old,  readily  in  hot  water;  also  in  alcohol,  ether,  or  wood-spirit.  From  these 
Eitter  solutions  it  crystallises  in  long  needles,  or,  by  slow  evaporation,  in  large  tables 
cksembling  gypsum.  It  Aises  above  lOQP  C,  and  crystallises  on  oool^s.  When  boiled 
rith  strong  potash,  it  forms  potassic  nitrobensoate.  Its  aqueous  solution  is  deGom<^ 
losed  by  sulphide  of  ammonium,  as  follows : 

(THWO*  +  8H«S  -  C1PITO  +  2HK)  +  S» 

PbenyU 
carbamide. 
(PheDjrl-ar«a.) 

DinitTohengamide,  C»H*N«0»  «  N.(?H»(NO«)«O.H«  (Voit,  Ann.  Ch.  Pharm. 
:cix.  105.^ — ^When  dinitrobenzoic  ether  is  digested  for  some  days  with  alcoholic 
ammonia,  it  forms  a  blood-red  solution,  which  deposits  dinitrobenzamide  in  yeUowish 
umina  and  prisms.  It  has  a  bitter  taste,  and  dissolves  sparingly  in  cold,  more  readily 
n  hot  water;  the  solution  is  neutral  It  melts  at  183^  C,  and  is  decomposed  by 
urther  heat    Its  ammoniacal  solution  is  not  precipitated  by  nitrate  of  silver. 

Thiohenzamide,  Schw^elbenzanud.  Bentamide  tulfwri,  C'H'NS  -  N.CH^S.H' 
Cab  ours,  Compt.  rend,  zxvii.  329). — ^Wh«n  a  solution  of  benzonitrile  in  slightly 
immoniacal  alcohol  is  saturated  wiUi  sulphuretted  hydrogen,  the  liquid  becomes 
irownish-yellow ;  and  i^  after  some  hours,  it  is  boiled  down  to  j^  its  volume,  and 
rater  added,  it  depocnts  yellow  fiakes,  which  dissolve  in  boiling  water,  and  separate 
m  cooling  in  long  yellow  silky  needles  of  thiobenzamide.  It  is  decomposed  by  mer- 
uric  oxide,  jriddiDg  mercuric  sulphide,  water,  and  benzonitrile;  by  potassium, 
i elding  potassic  sulphide  and  cyanide.  F.  T.  C. 

BBVXAIIIX&.  C"H"NK)«  (?)  (Laurent,  Rev.  sdent  xix.  446.)  — Crude 
>itter-almond  oil,  shaken  up  with  potash,  is  diiltilled  till  about  j^  has  passed 
ver,  the  residue  dissolved  in  ether-alcohol,  and  ammonia  passed  into  the  solution. 
7he  deposit  which  forms  is  separated  and  boiled  with  a  large  quantity  of  ether ;  and 
be  solution  on  cooling  deposits  silky  crystals  and  a  white  powder:  the  latter  is  ben- 
amil.  It  is  nearly  insoluble  in  alcohol,  difiicultly  soluble  in  ether.  It  melts  at  1 70°  C, 
nd  solidifies  very  slowly.  On  dry  distillation,  it  yields  a  substance  soluble  in  ether, 
t  dissolves  in  alcoholic  potash,  and  the  solution,  on  cooling,  deposits  crystals  which 
lave  not  been  examined.  F.  T.  C. 


L    Syn.  with  Phenylbenzamide.    See  Phbntlaionb. 

or  BSnoXi.  C^H*,  or  O^IP, — Benzine,  Hydride  of  phenyl,  Bicarburei 
fhydroaen,  (Faraday,  Phil.  Trans.  1825,  440.  Mitscherlic'h,  Ann.  Ch.  Pharm. 
iL.  39.  Piligot,  Ann.Ch.Phy8.  [2]lvL59.  Mansfield,  Chem.  Soc  Qn.  J. i.  244.) 
—Discovered  by  Faraday.  It  is  a  product  of  the  decomposition  of  many  organic  com- 
ounds,  being  formed:  1.  When  benzoic  acid  is  heated  with  caustic  mne  or  baryta 
Mitscherlich),  or  when  its  vapour  is  passed  over  red-hot  iron  (Darcet,  Aim. 
7h.  Phys.  [2]  IxvL  99).  —  2.  When  phtalic  add  is  heated  with  caustic  lime 
Harignac,  Ann.  Ch.  Pharm.  xlii.  217),  or  insolinic  acid  with  baryta  (Hof- 
aann).  3.  Bv  dry  distillation  of  quinic  acid  (Wohler).  —  4.  By  passing  vapour 
f  bergamot-oil  over  red-hot  lime  (Ohme,  Ann.  Ch.  Pharm.  xxxi  318).  —  6.  By 
>stssing  fats  through  red-hot  tubes  (Faraday). —  6.  By  dry  distillation  of  coal 
Hofmann,  Mansfield). — 7.  In  small  quantity,  when  acetic  acid  or  alcohol  is 
>&ssed  through  a  red-hot  tube  rBerthelot,  Compt  rend.  xxxiiL  210).  It  is  also 
Dund  in  Rangoon  tar.  (DeLa  Rue  and  Miiller.^ 
The  readiest  method  of  preparing  pure  benzene,  is  to  distil  1  pt  benzoic  acid  with 
pts.  slaked  Ume  at  a  gently  increasing  heat ;  the  mixture  of  benzene  and  water  which 
asses  over  is  shaken  up  with  a  liUle  potash,  the  benzene  decanted,  dried  over 
hloride  of  calcium,  and  rectified  on  the  water-bath.  3  pts.  benzoic  acid  yield  1  pt. 
^nzene.  The  most  abundant  source  of  benzene  is  coal-tar ;  but  the  product  obtained 
nom  this  source  is  very  impure,  containing  several  higher  hydrocarbons,  volatile 
Ikaloids,  asd  other  substances.    To  obtain  benzene  pure,  Mansfield  shakes  up  the 
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ight  oil  obtained  b}i  the  disliUatioD  of  ooal-tar  with  dilute  salphiirif  sad.  th. 
vaUr,  SDd  then  with  potub,  id  order  to  remoTo  ill  tha  uida  aad  slUoidx 
wntsina.  snd  Bubmiti  the  washed  oil  to  repeated  Pactional  diatillalioa ;  the 
»hich  posses  over  at  80° — 90°  C.  i>  oooled  to  —12°,  when  the  benzene  crji 
ind  is  purified  from  liqaid  substancefl  bjr  pmsure.  A  better  tnelhod  i*  I 
bhe  mshed  li^ht  oil  in  a  metai  still,  and  to  pass  the  Tapoor  npwBrds  tluvufil 
nuTounded  with  boiling  wat«T,  and  then  into  a  cooled  receiTer;  thiu  the  oil 
boil  above  1110°  C.  are  omdeiued  tnd  nm  back  into  the  atill.  The  din 
^milarly  treated,  the  wBt«r  round  the  eondonsing-tnbe  being  kept  at  B(PC- 
distillation  stopped  when  the  heat  in  the  retort  risea  to  90°.  Thia  wcoiid  d 
(only  half  of  wbkh  solidifies  at  20°  ),  is  shaken  up  with  ^  toL  stronft  nitric  i 
canted,  and  shaken  up  with  i  voL  strong  sulphnnc  acid,  rectified  without  dwa 
and  the  product  purified  as  before  by  cooling  and  pressure,  Coaunerciai  be 
alwaja  ver^  impure,  containing  man;  higher  hydrocarbons  i  it  ma;  b«  approi 
poriBed  by  distUlation  in  the  watei-bath. 

At  the  ordinaiy  temperature,  beniene  is  a  linqiid,  eolonrleas,  itrongly  r* 
oil,  of  specific  giavi^  O'SS  at  IS°'6C.  (Faraday,  Uitscherlich).  0-699 
(Kopp).  When  cooled,  it  solidifies  into  fem-like  tnfls,  or  into  hard  mai 
camphor,  which  melt  at6°'6C.,  expanding  in  balk  at  the  same  tdme,  and 
again  at  0°,  At  —  1 8°,  it  ia  hard,  briltla,  and  of  epecifie  KraTitj  0^66.  U 
eo°'1at  77emtn.  (Kopp),  at  86°  (Mitscberlich),  and  Tolatiltaes  nndecn 
Its  Tapour-denaity  is  (eipt,],  277  (calc),  2-704.  It  haa  ■  pleasant  Bmell 
scarcely  soluble  in  water,  but  imparta  a  strong  odour  to  it ;  readily  aoluble  in 
ether,  wood-spirit,  and  acetone.  It  dissalres  snlphnr,  phosphorus,  and  iodii 
dally  on  heating ;  fixed  and  Totatile  oils,  camphar,  wax,  mastie,  caontGho 
g^tta-pe^ch^  abundantly ;  gum-lac,  copal,  anime,  and  gamboge^  in  nnsU  q' 
quinine,  somewhat  readily ;  Btryehnine  and  morphine  iD  smaU  quantity;  dn 
not  at  ill  (Mansfield).  Impure  benzene  is  much  used  to  remove  staij 
■Uk.£[e, 

Benzene  is  very  infismmable,  and  bums  with  a  briglit  nnoky  fiamc  A  mi 
1  vol.  beniene  with  2  vols,  alcohol  of  0-8S,  forms  a  very  good  lamp-oQ ;  a  laf 
portion  of  benzene  gives  a  emoky  flame.  When  vapour  of  benzene  is  passed 
a  red-hot  tube,  carbon  is  eeparated,  and  a  gaacoos  hydrocarbon  formed.  CAA/ 
bromiJit  (not  iodine),  act  upon  it  in  the  sunshine,  forming  substiluljon-prodi; 
below).  Strong  nrtrw  oci'rf  converts  it  into  nitrobeniene ;  nccording  to  Ab«l,  tl 
result  ia  obtained  by  repealed  distillation  with  dilute  add.  SiUphurie  anAf 
fuming  lulphuric  acid  converts  it  into  sulphobeoride  and  sulphofSienylie  acid 
noD-fnming  sulphuric  add  into  the  latter  product  only  (Qerhardt).  Accir 
Mansfield  and  Mitscberlich.  the  noa-fumiDg  acid  has  no  action  vgaa  it.  Po 
a^ueoMM  alkaiis,  and  perchloride  of  phosphorus  do  not  act  apon  benzene,  ev< 
heated  to  its  boihnf;  point;  neither  does  aqueous  chromic  acid  (Abel),  or  [ 
gas  in  sunshine.    (Mitscberlich.) 

Church  (Phil.  Mag.  [4]  liii.  415)  describes,  under  the  name  of  Para/v 
hydrocarbon  obtained  by  him  from  the  light  oil  of  coal-tar,  which  ia  isoffii 
benzene,  but  has  a  difTi'rent  smell,  hoik  at  97°'S  C.  and  doea  not  solidiiy  i 
Nitric  acid  converts  it  into  nifrobenzene;  fuming  sulphuric  acid  into  an  add 
with  Bulphophcnjlic  add,  but  whose  copper-  and  barium-salta  are  somewhat  ■ 
inpropertiee  from  those  of  that  acid. 

Hofmsnn  (Ann.  Ch.  Fharm.  Iv.  201)  gires  a  good  process  for  the  det' 
benzene  in  a  mixture  of  volatile  oils,  founded  on  tbc  facility  with  which  )>p 
converted  into  nitrobenzene  by  nitric  acid,  and  niMobenzene  into  phenyliu 
reducing  agents.  The  liquid  to  be  examined  is  warmed  in  a  lesC-tube  with  fomi 
acid,  diluted  with  water,  and  shaken  up  with  ether,  which  dissolves  the  aitro 
The  ethereal  solution  is  separated  by  a  pipette,  and  mixed  with  equal  vol 
alcohol  and  hydrochloric  acid,  and  granulated  zinc  added.  AAer  five  mini 
mixture  is  satoiated  with  potash,  again  shaken  up  with  ether,  which  disso 
liberated  phenvlamine,  and  the  ethereal  solution  evaporated  on  ft  w^tch'gl 
addition  of  a  drop  of  hypochlorite  of  calcium  to  the  residue  girce  tlie  intcn* 
colour  characteristic  of  phenylamine. 

Suiislitulion-prodtmU  of  Setirmt. 

Bromine  dissolves  in  benzene,  forming  compounds  in  which  1,  3,  tad  i  al 
NapecliTdy  replaced  by  Br. 

Bremobrm'nr.  Monnbromehmzid.  Bromide  of  phmul,  CH'Br  (C 
inn.  Ch.  Pliys.  [3]  lii.  309).  —  The  vapour  of  an  equiralent  qi"u>tily  of  bra 
]«u«ed  into  a  large  flask  in  which  some  benzene  is  healed  lo  boiling ;  the  nn 
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^iuih«d  with  potash^  dried,  and  diatilled ;  most  of  it  pafloee  orer  about  160^0.  It  is  a 
olourleas  liquid,  smelling  like  bensene ;  it  does  not  solidify  at  ~20^  C. ;  its  Taponr- 
lensit  J  is  6*631.  It  is  not  decomposed  when  heated  to  200^  C.  with  acetate  of  silTer,  op 
rith  %  aolntion  of  sulphate  of  silver  in  strong  sulphuric  add.  Heated  with  potassium 
n  a  wealed  tube,  it  explodes ;  with  sodium,  it  yields  bensoie  and  a  ctystaUine  bodr. 
Miming  nitric  acid  conyerts  it  into  bramomtrobensene,  OH^rNO*,  acnrstallineboJj 
rhich  melts  below  90^,  and  distils  undeoomposed.  Fuming  sulphuric  acid  dissohres  it, 
arming  bramoeulpkophenylu!  acid, 

Uibromobengent,  iibromobentid,  C^*Br*  (Couper,  loe.eit) — When  mono- 
[>rv>xnobenzene  is  acted  on  for  some  time  by  excess  of  bromine,  hydrobromic  add  is 
erolved^  and  oystals  separate,  which,  by  recrystallisation  from  ether,  are  obtained  in 
large  oblique  prisms,  which  melt  at  89°  U.  and  boil  at  219°  without  decompodtion. 

Tri6romobeni$ne.  IMromobensid.  C*H*Br*  (Mitscherlich  (1836),  Popg. 
Ann.  xzxT.«374.  Lassaien  e,  Rey.  sdent.  t.  860). — A  mixture  of  benzene  and  bromine 
rxpo6«d  to  sunlight  graaually  forms  a  solid  ciystalline  body,  which  is  purified  bj 
washing  with  boiHng  ether.  This  is  the  kydrobr&mate  of  iribromobensene,  CH^r*  -« 
C*H*B^.3HBr.  It  forms  a  white  inodorous  tasteless  powder,  insoluble  in  water, 
sparingly  soluble  in  boiling  alcohol  or  ether,  whence  it  crystallises  in  microseopie 
oblique  rhombic  prisms.  It  is  fusible,  and  ciystallises  on  cooling.  When  heated,  it 
partly  sublimes  undeoomposed,  and  is  partly  resolved  into  tribromobenaene,  hydro- 
bromic add,  bromine,  ana  hydro^n  Heated  with  hydrate  of  caldum,  it  yields  tfrt- 
bnrmohenzene.  This  compound  is  best  obtained  b^  ooilin^  the  hydrobromate  wiUi 
alcoholic  potash,  adding  water,  dissolyiiig  the  precipitated  oil  in  ether,  and  eraporatinff 
the  solution;  it  forms  silky,  very  fudble  needles,  soluble  in  alcohol  and  ether,  ^d 
volatile  without  decomposition. 

MonocklorobemBfie,    See  Phxntl,  Chlorids  of. 

T^ichlorobenMtne,    Chlorobetuid,    OHK)!*  (Mitscherlich,  iloer.o^    P^ligot^ 

Aim.  Ch.  Phys.  [2]  ItL  66.    Laurent,  ibid,  bciiL  27).  —  The  action  of  chlorine  in 

Buashine  upon  benzene  is  dmilar  to  that  of  bromine,  resulting  in  the  formation  of 

crystals  of  hydroeklorate  of  triehU-robenzene,  C«HH:1«  «  C«H»C1*.8HC1,   which  are 

washed  with  ether  or  reciystallised  from  boiling  alcohoL    It  forms  colourless  shining 

biminae,  or  rhombic  prisms  with  truncated  latenl  edges,  insoluble  in  water,  soluble  in 

aici>hol  or  ether:  melts  at  132<' C.  fMitscherlich^;  136^—140°  (Laurent);  distils 

completely  at  288^,  with  partial  aecomposition,  without  leaving  any  residue.    In  its 

decompo8itionB,  it  resembles  the  corresponding  bromine  compound.     Trichlorobemene 

in  obtained  by  the  repeated  distillation  of  the  hydrochlorate  alone  (Mitscherlich); 

or  by  heating  it  with  hydrate  of  barium  or  caldum,  washing  the  distillate  with  water, 

auil  rectifying  it  over  chloride  of  caldum;  or  by  boiling  it  with  alcoholic  potash 

(Laurent).    It  is  a  colourless  oil,  of  specjfic  gravity  1*467  at  7^  C ;  boils  at  210^; 

vapour-density  6'37 ;  insoluble  in  water,  soluble  in  idcohol,  ether,  or  benzene.    It  is 

not  attacked  by  chlorine,  bromine,  adds,  or  alkalis. 

C hlorodiniirobengene.     See   QuLoaxam  ow  Dihixmovhestl,  under  PmnrrL, 
Chlorids  of. 

Nitrobenzene.  Niirobenrol.  Niirobenzid,  C«H*NO^  (Mitscherlich  (1834X 
Pogg.  Ann.  xxxi  626). — ^Formed  by  the  action  of  fuming  nitric  add  on  benzene,  or  l^ 
the  dry  distillation  of  nitrobenzoates.  Prepared  by  gradually  adding  benzene  to  warm 
fuming  nitric  add ;  the  nitrobenzene  separates  as  an  oil  on  cooling,  is  washed  witJi 
water,  and  rectified  over  chloride  of  caldum.  It  is  a  yellowish  liquid,  with  a  very 
sweet  taste,  and  a  smell  like  bitter-almond  oil;  spedfic  gravity  1*1866  at  14^*4 C. 
(Kopp);  boilsat2130C. (Mitscherlich), 2190— 220O(Kopp);  vapour-dendtr 4-4. 
Below  3^  C.  it  crystallises  in  needles.  It  is  insoluble  in  water,  readily  soluUe  in 
alcohol  and  ether.  It  is  much  used  by  peiAimers,  under  the  name  of  Eaienpe  de  nwr- 
bane.  It  is  not  attacked  either  by  chlorine  or  bromine  at  the  ordinary  temperature ; 
but  its  vapour  is  decomposed  when  passed  with  chlorine  through  a  red-hot  tube,  yield- 
ing hydrochloric  add.  Fuming  nitric  acid  dissolves  it,  and  on  heating  converts  it 
into  dinitrobenzene.  Strong  sulphuric  add  dissolves  it,  and  on  heating  decomposes 
it,  forming  a  dark-coloured  solution,  and  evolving  sulphurous  anhydride.  Dilute 
nitric  or  sulphuric  add  does  not  attadL  it,  even  at  100^  C  It  is  scarcely  attacked  by 
boiling  with  aqueous  potash  or  ammonia,  or  by  distillation  over  caustic  lime ;  when 
boiled  with  alcoholic  potash,  it  yields  azoxybenzide  (p.  479);  and  when  distilled  with 
alcoholic  potash,  azobenzidei  When  a  solution  of  nitrobenzene  in  alcohol  is  mixed 
with  ammonia,  and  saturated  with  sulphuretted  hydrogen,  sulphur  is  deposited,  and  the 
product,  when  cooled  to  0°  C,  solidifies  to  a  mass  of  yellow  needles,  which  are  soluble 
in  water  or  alcohol  and  have  a  biting  taste ;  on  driving  off  the  alcohol  by  heat,  mora 
sulphur  is  depodted,  and  phenylamine  is  finally  left : 

C^»NO«  +  3H«S  -  C^'N  +  2H«0  +  8". 
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ddinff  dihite  inkhiiric  acid  bb  long  as  a  precipitate  forma,  waahing  the  precipitate  with 
loohol,  and  diaa^Tinf  it  in  boiling  aqneous  ammonia :  the  solution,  on  cooling,  deposits 
enzidine  in  white  winning  scales.  When  an  alcoholic  solution  of  aaobenzene  or  azoxy- 
«nzone  is  treated  with  sulphurous  acid,  sulphate  of  benzidine  is  at  once  precipitated. 

Benzidine  is  inodorous ;  scarcely  soluble  in  cold  water,  readily  in  hot  water,  alcohol,  « 
r  ether ;  its  solution  has  a  bitter  burning  taste.  It  melts  at  108^  C,  and  cools  to  a 
ry  sdalline  mass  :  fUrther  heated,  it  partly  sublimes,  and  is  partly  decomposed.  When 
I  aolution  of  benzidine,  or  its  salts,  is  treated  with  chlorine,  it  becomes  first  blue,  then 
lark  brown,  and  deposits  scarlet  crystals,  scarcely  soluble  in  water,  more  readily  in 
Jcohol  (probably  aaobenzane).  Nitrous  fames  attack  it  violently  at  a  ^ntle  heat» 
md  convert  it  into  azobenzene  (Noble).    It  is  decompoeed  by  strong  nitnc  acid. 

Benzidine  combines  with  acids,  forming  definite  salts,  which  are  mostly  readily 
arjstallisable :  their  aolutions  are  precipitated  by  caustic  alkalis  or  alkaline  carbonates, 
rhe  hydroektoraii,  G"H''N'.2HC1,  crystallises  in  white,  peariy,  rhombic  prisms, 
soluble  in  water  or  alcohol,  almost  insoluble  in  ether.  llie  chloroplatinate 
;  1  £  ^  I  ^^■*,2]iQi.PxJ0\\  is  a  yellow  crystalline  precipitate,  obtained  by  adding  tetrachloriue 
»f  platinum  to  the  aqueous  or  alcoholic  solution  of  the  foreffoine  salt  It  is  slightly 
»olable  in  water,  insoluble  in  alcohol  or  ether.  When  boiled  with  water  (more  readily 
with  alcohol  or  ether),  it  is  converted  into  a  dark-violet  powder.  The  nitrate  forms 
rectangular  prisms,  soluble  in  water.  The  acid  oxalate^  C"H'*N'.C*O^H*,  forms 
\%'hite,  silky,  radiated  needles,  sb'ghtly  soluble  in  water  or  alcohol  The  acid  sidphate^ 
C''-H'*N*.SO^H^  separates  as  a  dull  white  powder,  when  sulphuric  acid  is  added  to  a 
Bolation  of  benzidine :  from  a  very  dilute  solution  it  separatett  in  crystals.  It  is  scarcely 
soluble  in  boiling  water  or  alcohol.  The  betuoate,  aSUaie^  tartraUj  and  phosphate  are 
nil  crystalline.  With  mercuric  chloride,  benzidine  forms  a  crystalline  double-salt, 
•oluble  in  water  and  aloohoL  F.  T.  C. 

DiHkiflhmndiM,  C»^»N«  -  N».C"Hr  (C«H»)«.H». —The  hydriodate  of  this  base, 
C*«H  •N».(HI)«,  or  iodide  of  diethyl-btmidammonium  [N»  (C"H«)''((?H»)«.H*].P,  is 
obtained  m  crystals  by  digesting  benzidine  with  alcohol  and  iodide  of  ethyl,  in  a 
sealed  tube  at  100^  C.  fi^  two  hours.  Treated  with  ammonia,  it  yields  the  he^ 
ba«e,  which  unites  with  adds  forming  well  crystallised  salts.  The  chloroplatinate, 
c:»»H«Cl«.PtCl«,  is  sparingly  soluble,  (P.  W.  Hofmann,  Proc  Roy.  Soc  n^  6%6\ 
Ana.  Ch.  Fkarm.  cxv.  862.) 

T^rethflbmsidine,  C»H«N*  -  N».(C"H«)''.(C«H»)«,  is  obtained  as  a  hydriodate  by 
treating  the  diethylated  base  with  iodide  of  ethyL  The  free  base  melts  at  83^  C.  re- 
solidifies at  80°,  and  fbrms  crystalline  salts  with  acids.  Iodide  of  ethyl  acts  but 
slowly  on  it,  but  when  treated  with  iodide  of  methyl^  attacks  it  with  energy,  forming : 

Iodide  of  IhrnHhyUetretkyUhensidammonium,  C«H"N"P  -  [N».(C'«H«)''.(C»H»)«. 
(CH*)'].!*.  This  sidt  dissolves  sparingly  in  alcohol,  but  easily  in  boiling  water, 
whence  it  crystallises  in  lon^p  beautiM  needles.  Its  solution  is  not  precipitated  by 
ammonia,  but  ji|Bids  with  oxide  of  silver,  a  strongly  alkaline  solution  containing  the 
hydrate  N*(C»W)''(C»H»)\CH«)«|q,     r^^  ^^^  ^j^  ^^^^  ^^  ^^  forming 

beauUfully  crysUUine  salts.  The  ehtoroplatmaU,  C**H*«N*CP.Pta«,  is  almost  insolu- 
ble in  water,  bat  dissolves  sparingly  in  boiling  hydrochloric  acid,  whence  it  crystallises 
on  cooling  in  beautiful  needlsa.    (P.  W.  Hofmann,  ^.  a^.) 


Stmaoxide  de  StUbhe,  C>«H'H)*.  (Laurent  Ann.  Ch.  Phys.  [2]  liz. 
402.  Lie  big.  Ann.  Ch.  Pharm.  zxv.  26.  Zinin,  Ann.  Ch.  Phann.  zzziv.  190. 
Gregory,  Compt^  Chim.  1846.  808.)— Formed  by  tht  action  of  oxidising  agents  on 
Wnzoin.  Laurent  prepares  it  by  passing  chlorine  over  fused  benzoin  as  lone  as  hydro- 
chloric acid  is  evolved,  and  crystallising  the  product  from  hot  alcohoL  Zmin  heats 
gently  1  pt,  benzoin  with  2  pts.  concentrated  nitric  acid ;  the  reaction  is  complete  when 
no  more  nitrous  fUmes  are  evolved,  and  when  the  yellow  oil  which  rises  to  Uie  surface 
is  quite  clear.  This  oil  solidifies  to  pure  kenzil  on  cooling. 
It  crystallises  by  spontaneous  evaporation  of  its  alcohohc  or  ethereal  solution  in  long 

Jellowish  six-sided  prisms,  which  are  commonly  hollow.  Observed  &ces,  oo  P  .  oP .  P 
t  is  without  smell  or  taste,  insoluble  in  water,  soluble  in  alcohol  ether,  and  warm  sul- 
phuric acid,  and  reprecipitated  from  the  last  by  water.  It  fbses  between  90^  and  92^  C 
and  solidifies  to  a  flbroos  mass :  at  a  higher  temperature,  it  volatilises  undecomposed* 
It  bums  with  a  red  sooty  flame.  It  is  not  idtered  by  boiling  with  nitric  acid  or 
with  aqueous  potash :  but  when  boiled  with  alcohoUc  potash,  it  turns  blue  and  forma 
benzilic  add.  With  ammonia,  an  alcoholic  solution  of  benzil  forms  various  produets. 
according  to  the  coneentration  and  the  duration  of  the  reaction  (see  Azobbriu. 
Bi^HZzzjLK,  Bkhzium,  IicABBniL).  With  sulphuretted  hydrogen,  it  deposits  sulphnx, 
nnd  forms  a  yellow  oil,  smelling  of  garlic :  this  oil  is  more  readily  obtained  by  dis- 
tilling benzil  with  alcoholic  sulphide  of  ammonium.  With  sulphide  of  ummonium,  it 
Vol.  L  H  N 
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OP  three  difFerent  producta,  unong  which  is  iydtvbcittll  U,  m.)  Vwm 
It  eiTn  off  Tiolpt  Tuonra  >nd  leareB  ft  c&rbouACMoanaunw. 
I  pdymBric  with  the  iiTpottiPtiial  radicle  bemovl.  C7H*0. 
naiate  of  Btnrii,  C"H'"NK1'  -  C"H"0',2HCj  (Zinin).— 'Whoi 
d  ID  boiling  alcnhol.  and  an  equal  weight  of  n«ulj  tnhjiioaa  pnm 
;he  mixtare  gradual);  dcpoBiCs  white  ihiaing  rhombic  tublee  of  hjdnx 
Thii  compaotid  melta  and  decampiises  when  heated,  leanng  pom 
ttaeked  when  boiled  with  water  or  atrons  hjdrochlonc  udd :  wh<ni 

■  add  or  ammonia,  It  fields  benziL  Ite  alcoholic  solutiou  glrea  with 
precipitate  of  C7anid«  of  ailrer,  and  beniil  cijiUUIlHe  from  thr  «i 

ileoholie  solntioii  i>  heated  with  mercuric  oxide,  nuociuj  is  nttacrd,  ■ 
nuoic  ether  basomei  dittisctlj  parceptible.  F.  1 

OAJK.  CBm.  (Lanrant,  Rev.  nnenL  nx.  443.)— Formed,  b 
•eniil  and  beacilim,  by  the  action  of  ammoaia  on  beonL  It  i>  be 
dinolTUig  imabenint  or  benzllim  In  aalphnric  acid,  and  adding 
oil  aeparate*  out  which  ipeedil;  lolidiflM:  thii  ii  waahed  with  wa< 
Icohot  and  QTstalliaed  from  etheHJcohoL  It  forms  oolooriBH  r 
idilj  lolable  in  aLwhoI  or  ether.  It  melbi  at  1  Ofi°  C. :  if  imprffectl} 
djitaQiwa  on  cooling  bnt  if  perfectly  fused,  it  eolidiflea  much  more 
TTitalliaalion.  It  ii  volatile  withont  deoompogitico.  "^"11'"^  >1 
I  DO  action  upon  it  r  nitric  add  decomposes  It,  jielding  an  oil  which  c 
oling,  and  ta  insolnbla  in  ether :  it  is  aolnble  in  mlphoric  add,  aad  ii 

^klO  ACXD.  SlUbie  Jcid.  CB^'O'.  (Liebig  tlS38],  Ann.  Ch. 
Ziiin,  ibid.  ixxi.  326.)— Conned  by  the  action  of  alkaJis  on  bi 
Bflndl  is  dissolved  in  boiling  alccholic  potash,  in  soch  qoantitj  1 
Tnai"*  distinctlj  alkaline,  and  the  whole  is  boiled  until  a  sunple  of 
'\tj  when  mixed  with  water.  The  solntion  is  then  evaporated  to  dry 
bath,  the  rendne  powdered,  and  exposed  to  an  atmosphere  of  earboni 
ill  the  potash  is  converted  into  carbonate  ;  it  is  then  eitract«d  with  i 
ya  mixed  with  water,  and,  after  distilling  off  the  alcohol,  decolorisa 
areoal,  and  evaporated  to  dyvtaUiaation.  The  potaasic  benzilBts  tl 
redissolvod  in  wat«r,  and  mixed  with  boiling  dilute  hTdiochloric  at 
eoiilic  acid  djatallisss  out 

■  hard,  shining,  eolourlsas  needles^  which  are  sparinglj  sohtble  in  oal 
I  hot  water,  tttHj  in  alcohol  or  ether.    It  has  no  smell,  a  bittar  i 

a  llnmg  acid  reaction.  It  melts  at  120°  C. ;  when  heated  mem  at 
sd,  and  emits  violet  vapoun  which  condense  to  a  brown-red  oily  Ii 
'  carbon  being  left.  This  oil  is  volstile.  insoluble  in  water,  ecdubl* 
r  in  alcohol  or  ether :  the  solution  is  not  decolorised  hj  water,  or  bj 
'  sulphuric  add,  but  it  is  decolorised  by  potash,  ammonia,  or  nitr 
idd  bums  widi  a  very  smokv  flame.  With  strong  anlpbunc  ■ 
I  give  •  fine  crimson  colour,  which  is  not  easily  destroyed  by  best  4iai 
;  water,  but  retppean  on  eraparation.  It  dissolves  in  warm  nitiie  ac 
tated  onchanged  by  water.    PentacUoride  of  pho^iboraa  eonrata 

fa«t.— Their  general  formula  is  C"H"MO'.  The  Uad-»aU  is  obtai 
le  aqoeous  add  to  neatral  acetate  of  lead.     It  is  a  vfait«  powder,  i 

*""■ it  is  unalterable  at  100°  C,  but  when  itronBiy  heated  at 

The  pofasnun-nift  forms  colourleis,  trani 
in  water  and  alcohol,  insoluble  in  ether.  I 
].,  and  BoUdifira  on  cooling :  heated  more  itTOngly,  it  doEOmposes,  yif 
oily  diatillile,  smsllina  like  naphtiialine,  issolnble  in  wmter,  aoli 
the  Kflidne  contains  carbon  and  potasdc  carbonate.  The  ti/vtr-M 
vtalline  powder,  obtained  by  predpitating  nitrate  of  nlrcr  by  the  pot 
s^hth  soluble  in  hot  water;  at  100°  0.  it  tana  bine.  wiUiontloNng 
I  when  nuther  heated,  emitting  violet  vapours  and  leaving  metallic  si 
F.  ' 
SmtiUmide.  C^H^NH)' (Laurent  [184fi].  Rer.adeot.  xi: 
■        -  benaL    It  !a 


tha  products  of  the  action  of  ammonia  on  bemu.  It  ia  most  easily 
lisaolving  imabeiunl  in  boiling  alooholie  potash,  and  r^jng  wi' 
It  (brms  white,  silky,  veir  flue  needles,  spmngly  solnble  in 
:  melts  at  130°  C  and  solidifles  slowly  in  cooling  to  an  amonhoos 
parmtiy  undeeompoaed,  but  the  distillate  is  readily  aotnbie  in 
s  from  it  in  needles.  It  ia  not  atta 
B  nitric  add  attacks  it,  evolving  re 
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eryBUlliMs  on  oooUng,  and  ia  insoluble  in  ammonia,  but  soluble  and  oystallisable 
from  ether.  It  dissolves  in  wann  sulphuric  acid,  and  the  addition  of  water  separates 
benzilam.  F.  T.  C. 


t 


CO  AOZB.    fLaurent,  Compt  Chim.  i  87.)  —  The  name  giren  by 

Laurent  to  a  peculiar  acid  which  is  formed  in  the  preparation  of  amarine  (q.  v,)  It 
is  best  prepared  by  saturating  an  alcoholic  solution  of  bittw-almond  oil  with  ammonia, 
letting  it  stand  for  48  konrs,  and  adding  water,  which  takes  op  bensimate  of  ammo- 
nium. The  addition  of  hydrochloric  aad  to  the  aqueous  solution  precipitates  the. 
acid,  which  is  purifled  by  diseolvinff  it  in  alcohol  containing  ammonia,  boiling  the 
solution,  and  neutralising  with  hj£x)chloric  acid.  It  forms  white  silky  needles, 
insoluble  in  water  slightly  soluble  in  alcohol :  it  melts  when  heated,  and  cannot  be 
distilled  undecomposed.    It  has  not  been  analysed.  F.  T.  C. 

MMMniMBDMt  Benshydrocyanide,  Hydride  of  Cyanobenzoylt  CH^'N'O'. 
(Laurent  (1836),  Ann.  Ch.  Phys.  [2]  lix.  397:  Ixvi.  193;  Rey.  sdent  z.  120. 
Zinin,  Ann.  Ch.  Pharm.  xxziy.  188.  Oregory  ibid,  liy.  372.  Laurent  and 
Gerhard t,  Om&pt  chim.  1850,  116.) — ^Formed  by  the  action  of  hydrocyanic  add  on 
hydride  of  benaoyl : 

8CrH«0  +  2CNH  -.  C"H»«NH)«  +  H«0. 

Hydride  of  benaoyl  mixed  with  }  its  yolumo  of  nearly  anhydrous  pmssic  acid  is 
shaken  up  with  an  equal  volume  of  strong  alcoholic  potash  diluted  with  6  pts.  alcohol, 
and  the  whole  gently  heated :  after  a  time  a  white  curdy  precipitate  separates,  which 
is  boiled  witli  water,  and  purified  by  solution  in  alcohol  fienzimide  also  occurs, 
mixed  with  hydride  of  benzoyl  and  benzoin,  in  the  resinous  residue  of  the  rectification 
of  oil  of  bitter-almonds :  it  may  be  extracted  by  treating  the  residue  with  hot  alcohpL 
Bensimide  forms  a  light  loosely-coherent  mass,  white,  with  a  greenish  tinge,  and 
leaves  a  stain  when  rubbed  or  preMed.  It  is  insoluble  in  water,  or  in  cold  potash  or 
hydrMhloric  add ;  sparingly  soluble  in  boiling  alcohol  or  ether.  When  heated,  it  melts, 
and  finally  volatilises  with  decomposition,  leaving  a  carbonaceous  residue.  It  dissolves 
in  strong  suli^urie  add  with  a  green  colour,  which  soon  changes  to  red,  and  is  re- 
predpitated  by  water.  Nitric  add  dissolves  it  with  decomposition :  heated  with  nitric 
add  and  alcohol,  it  evolves  red  fiimes  and  yields  ammonia  and  benzoate  of  ethyL 
Boiled  wi^  hydioddoric  add,  it  yields  hydride  of  benzoyl,  sal-ammoniac,  and  probably 
aJsoformie  add. 

CJMH»«NH)«  +  6HK)  -  SC*H«0  +  2CHW  +  2NH». 

Heated  with  strong  bases,  it  yields  bensene ;  and  with  potassic  hydrate  moistened  with 
alcohol,  it  forms  ammonia  and  potassic  benzoate.  F.  T.  C. 

Syn.  with  BHHzm  (7.  «.) 

See  Aoinc  Ajthtdbidb. 
•    See  BxNzoio  AKHTDUDa. 
Beszoatm  op  Phxnti..    See  Bmzoio  Acn>. 

r,C'»H"aO"(Berthelot,Ann.C!h.Phys.r3]xli302}. 

One  of  Berthelof  s  artificial  fats,  containing  the  elements  of  benzoic  and  hydrochlone 

adds  and  glycerin,  minus  water : 

CHW  +  na  +  ci«H«o"  -  c>*H"ao«  +  2H«o. 

It  is  prepared  by  saturating  with  hydrochloric  add  gas  a  mixture  of  glycerin  and 
bensoic  add,  which  is  kept  for  several  hours  at  100^  0.,  and  removing  the  excess  of  add 
by  sodic  carbonate :  the  benzochlorhydrin  then  sinks  to  the  bottom  as  an  oily  liquid. 
When  pure,  it  is  a  neutral  oil,  solidifying  at  —40^.  It  is  decomposed  by  potash, 
yielding  potasnc  chloride  and  benzoate :  and  by  hydrochloric  add  and  alcohol,  yield- 
ing glycerine  and  benzoate  of  ethyL  The  chlorine  is  not  withdrawn  from  the 
compound  even  by  long  digestion  at  100^  with  oxide  of  silver.  F.  T.  C« 

CO  AJIH I  BSXHa*    See  BxNZOZO  AnBTDBioib 

See  Bxifzoio  AirHTDUDi. 
L    See  BanAMiDB. 
Syn.  with  ToluoL    See  Bbhztl,  Htdbidb  op. 

Amorphous  benzoic  acidf  Parabenzoie  acid  (E.  Kopn. 
Ccmptv  chim.  1849,  164). — ^An  amorphous  powder,  obtained  by  heating  gum-benzoin 
with  6  or  8  pts.  nitric  add,  not  stronff  enough  to  form  nitiobenzoie  add.  When 
quite  pure,  it  is  white ;  but  it  is  commomy  vellowiBh,  owing  to  the  presence  of  a  small 
quantity  of  a  yellow  redn,  which  accompanies  it  into  all  its  compounds.  It  is  readily 
tolnbla  in  alcohol,  ether,  and  boiling  water.  It  has  an  aromatic,  fidntly  sour  and 
bittw  taste.    It  inelts  at  1 13^  C,  boils  at  266^,  and  by  dry  distillation  yields  pore  eiy^ 
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e  Mid,  uid,  if  not  qnita  pme,  a  lUght  a 
,  or  ezpoaed  to  the  nin,  it  becomes  ooreied  with  rdbU  crpl 
Diltill^  with  lime,  it  jieldj  benzene.  It  formi  Bklts  vhidi  ajf 
J,  and  BK  geaenllT  len  salable  thin  tbc  (nireaponding  beni 
Tnn^n^t  hftve  jiddad  difTerent  TTsnlti  ta  viaI^blb  :  but  in  wnne  CiU' 
I  Ta^  ne«T  test  of  benzoic  acid.  F  T. 

LrOOXAXOAOm.  G'H'0'-'((7H*0)".C'H*0.H.0'(StreeLBrl: 
im.  IzriiL  ei.  StreckerandSocoloft;  iM.lnx.  IS.  aotaman 
IS9). — Formed  by  the  ndioD  of  nitioni  snbjdrids  od  hippuric  tcii 

2CH^0«  +  N»0"  -  2CHK)<  +  N'  *  HK). 
I  b;  mbbing  htpporic  >fid  to  ■  tbin  pule  with  Btnng  nitrif  aciil 
rent  of  nitnc  ocds  into  the  mixture  :  nitrosen  ii  then  evolTcd.  at 
gndaaHj  disaolved.  Ailer  some  time,  the  clear  wlntion  b«vinn  c 
oaitton  of  benicgljcollic  arid:  the  cnrreot  of  gas  is  kept  np  no 
■  •  greeniah  cotoor,  when  a  lai^e  quaatitj  of  water  is  added,  ami  tbs 
)L  Tbe  acid  then  Beparat«  ontinconnderablequantitiea  ;  it  ia  col 
ihedwithcoldwsler.auirpended  in  water,  neutralised  with  inilkof  lin 
aldiLm-salt  is  purified  bj  recrrstallisation  and  presson  between  f*pt 
decomposed  b^h7dR>chloricBeid(Soeoloff  and  3 trecker).  It  mi 
y  alowlj  paaiitig  chlorine  into  ■  Bolution  of  hippuric  add  in  ixr 
ulute  potaah;  when  the  eTolution  of  niLrogeD  ceaaea,  the  mixt 
trelised  by  hydrochloric  acid,  concentrated  hj  ftcntle  eraporatioi 
slight  excess  of  h  jdnchloric  acid,  when  it  solidifies  to  a  a^toltine 
td  by  solution  in  ether,  and  distiUing  off  the  ether  front  the  watery 
n  tb«  acid  aepoiatea  as  an  oil  in  Uie  midst  of  Cha  water  (Ooss: 
sined  by  either  of  Ibesa  methods  generally  coat^s  a  lar^  ip 
id,  which  is  remoTed  by  partially  neutralising  the  add  with  m 
porating  to  dryness :  banioie  add,  being  the  weaker  acid  of  thi 
mbined,  and  ia  aitracted  from  the  naridue  by  ether, 
llio  acid  ciyatidliseB  from  alcohol  in  colourl««  pnama  of  87*"  *t 
zb  oTlrn  take  the  form  of  thin  plates  :  when  precipitat«d  ij  uadi 
ions  of  its  salta,  it  separates  as  a  white  cryatalluie  powder.  It  ia  ae 
d,  more  so  in  hot  water,  readily  in  alcahol  and  ether  i  it  melta 
diasolTin^  It  melt«  when  heated  and  solidifies  to  a  crrstaHise 
itran^y,  it  gives  off  vapours  containing  benioie  acid,  and  leaves  • 
bon.  When  boiled  tor  some  time  with  wmter,  it  is  gradnaUy  deooE 
ind  glyeoUie  adds : 

C*HH)*  +  HK)  -  (TH'C  *  CH'O". 
sitioD  is  accelerated  by  the  presence  of  ■  minersl  add. 
lLi.an  are  mostly  ciTStalliDa,  solable  in  water,  some  of  Ihoa  in  a 
re  nenbal  to  libmut  and  have  a  fkint  but  peenHar  taste.     Their  ■■; 
b«  bailed  and  even  evaporated  to  dryneaa  without  decomposition, 
■olvtions  sttons  sdds  separate  benaoglymllic  add  as  a  (TjsbdUne  pt 
g  monobasic,  Uneir  geuenl  formula  is  CH'MO*. 
wum-taU  is  obtuned  by  satDrating  the  add  witli  ammoni*,  or  deeo 
Bi-salt  with  anuaonia  carfaonat^    It  kiaea  ammonia  when  ar^nrati 
'^atl,  G"H'<Ba'0<  v  3Aq,  fbims  delicate  nlkj  UMdles,  which  kw 

a 

l-so/f,  C"K"Ca'0<  +  2Aq.  fbmiadeUcslesilky  needles,  nniled  in  ei 
a  watCT  at  120°  L'.  It  dissolvea  in  i2'3  pts.  cold,  and  7-St  pts.  b 
isessea  in  a  remarkable  degree  the  property  of  fbtming  sspetaatn 
!iat  a  aolntion  sstniated  at  boiling  heat  freqcentiy  take*  soma  da 
crystals  in  auccBBBive  crops.  When  a  strong  solution  of  this  salt  ii 
ihloride  of  caldum  to  a  sympy  consistence,  a  doable  ealt  separate 
netahadroDS,  wiiich  are  pennanent  in  the  air,  bat  are  deoompoae 
ol  into  benK^joollate  and  chloride  of  caldum. 
■lall  OTSlalliBea  on  cooling  in  abundant  blue  rhombic  tables,  wl 
ted  folntion  of  the  caldnm-salt  is  mixed  with  nitrate  of  eapptt 
and  opaque  at  100°  C,  bnt  retains  Il«  lustra ;  is  scarcaly  soluble  in 
,  water. 

M&,  2roK>'.SC"H"0'  +  28Aq,  ■■  a  rolurainoos  fleah-colouwd  pr 
ia  water,  which  become*  darker  when  dried.  After  dryiog  in  thi 
per  cent.  (28  at)  water  at  100°  C. 

r  to  be  at  least  two  basic  tead-talU  besidca  the  normal  oo«,  WI 
t  benso^ycollate  of  caldum  ia  mixed  with  nonnal  acetata  )tf  Ic 
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florcolcnt  precipitAte  is  formed,  which  ia  a  mixturo  of  sereral  talts.  If  this  be 
dissolved  in  cold  water,  the  solution,  on  spontaneous  evaporation,  yields,  first,  crystals 
of  the  salt  5,  and  snbseqaentl^  soft  starry  crystals  of  the  normal  salt  G*H'PbO\  which 
melt  with  partial  decomposition  at  100^  C. 

b.  2C>«H'<Fb*'0*.Fb''0  +  SAq,  forms  hemispherical  gronpe  of  crystals,  which  melt 
.It  100°,  and  lose  l^at  water. 

c,  C'*H'«Pb"0«.6Pb'*0  +  2Aq.— When  the  cold  solution  of  the  caldom-salt  is  mixed 
with  basic  acetute  of  lead,  and  the  precipitate  digested  in  cold  water  and  filtered,  this 
salt  crystallises  after  some  days.    It  loses  1  at  water  at  100°  C. 

The  precipitate  obtained  by  adding  the  caldum-salt  to  a  boiling  solution  of  normal 
acetate  of  lead,  is  a  mixture  of  several  basic  salts. 

The  Magturium  salt  forms  long,  very  slender  needles,  readily  soluble  in  water  and 
alcohoL 

The  iV>to«s^tfni-  and  SoeUum^saits  are  obtained  like  the  ammonium-salt  The  former 
crystallises  with  difficulty,  being  veiy  soluble.  The  latter  crystallizes  more  readily 
from  a  hot  saturated  solution  in  rhombic  tables :  it  contains  3Aq.  which  it  loses  at 
lOOO  c.  ^ 

The  Silver-salt^  C*H*AgO*,  is  obtained  as  a  curdy  precipitate  when  the  neutral 
ammonium  salt  is  mixed  with  nitrate  of  silver ;  this  precipitate  is  washed  in  cold,  and 
dissolved  in  boiling,  water,  whence  it  separates  in  white  mierosoopie  crystals,  which 
when  moist  quickly  blacken  in  the  light ;  when  dry  they  are  not  chuioed  at  100®  C. 

Zinc-salt,  C'^fl^^Zn^O^  +  4Aq.  A  boiling  saturated  solution  of  the  caldum-Mlt 
mixed  with  chloride  of  sine,  yields  on  cooling  long  thin  needles,  which  are  dried  by 
filter  paper  snd  reoystallised.    They  lose  2  at  water  at  100^  C.  F.  T.  C. 

BHMZOBa&XCZV.  C»H»0*.  (Piria,  Ann.  Ch.  Phys.  [3]  xxxiv.  278;  xliv.  866.) 
—  The  product  of  the  action  of  the  nitric  acid  on  populin.  It  may  be  regarded  as 
heUdn,  (C"H"0^  in  which  1  H  is  replaced  by  benzoyl,  0"H«W  -  C"H»*(C'HK))0». 
It  is  to  jwpulin  (benzosalicin)  as  helicin  is  to  salicin. 

Obtained  by  dissolviuff  populin  in  pure  nitric  acid  of  specific  gravity  1*3,  the  solu* 
tion  becomes  yellow,  and  benzoheUcin  soon  crystallises  out  On  diluting  the  mother- 
liquor  with  water,  more  ciystals  separate  oiit  It  forms  silky  needles  closely  resem- 
bling helicin.  When  boiled  with  water  and  magnesia,  it  is  converted  into  heucin  and 
benzoic  acid.  Synaptase  has  no  action  upon  it  Adds  and  alkaliA  convert  it  into  bensoio 
acid,  hydride  of  saucyl,  and  glucose : 

0»H»0«  +  2HK)  -  CmK)*  +  CnSLH)*  +  C«H»K)«. 

Hydride         Glooota. 
MlicjU 

F.T.a 


Flowsrs  of  Beneoin,  HydraU  of  BsfuoyL  Betufoeblumsn, 
Beiuoesaiire.  Acide  bensoique,  C^«0«  -  CHHyja.©.  [or  C^*^0*  -  O*I^0M0.] 
History  and  Sources, — ^First  noticed  by  Blaise  de  Viffenire  (TVof^^  du  feu  et  du 
sel,  1608).  Its  true  composition  was  determined  by  Liebig  and  Wohler  (Ann. 
Ch.  Pharm.  iii.  249).  it  occurs  ready  formed  in  gum-benzoin,  dragon's  blood, 
storax,  Peru  and  Tolu  balsams,  and  in  many  other  resins  and  balsams ;  idso  in  casto- 
reum  (Wo  hi  a  r,  Ann.  Ch.  Pharm.  IxviL  360),  in  the  spindle  tree,  Euonymus  europaus, 
(Schweizer,  J.  pr.  Chem.  411,  437),  and  in  the  putrefied  urine  of  man  and  of  grami- 
nivorous animals  (Liebig,  ibid.  1.  168). 

Formation, — ^It  is  formed  in  a  great  number  of  organic  reactions.  1.  By  the  oxida- 
tion of  hydride  of  benzovl,  even  bv  its  exposure  to  moist  air.  2.  By  the  action  of 
water  on  chloride,  bromide,  or  iodide  of  benzoyl.  3.  By  heating  benzylie  slcohol  with 
aqueous  chromic  add.  4.  By  the  action  of  nitric  acid  on  hydride  of  dnnamyl,  einna- 
mic  add,  dnnamol,  cumol,  and  cuminoL  6.  By  oxidising  casein  or  gelatin  with  sul- 
phuric add  and  binoxide  of  manganese  (Guckelberger,  Ann.  Ch.  Pharm.  Ixiv.  80). 
6.  From  hippuric  add,  by  putrefaction,  or  by  boiling  with  acids  or  alkalis.  7.  By  the 
action  of  dilute  alkalis  on  populin.  8.  By  the  dry  (ustOlation  of  insolinic  (Hofmann) 
and  quinic  adds  (Wohler,  Ann.  Ch.  Phann.  li.  145). 

Preparation,  —  Gum-benzoin  is  employed  for  the  preparation  of  benzoic  add  on  the 
large  scale  *,  the  process  hay  be  conducted  either  in  the  dry  or  wet  way.  The  best 
method  of  preparing  it  in  the  diy  way,  or  by  sublimation,  is  that  given  by  Mohr, 
Ann.  Ch.  Pnarm.  xxix.  177).  The  coarsely-powdered  resin  is  placed  at  the  bottom  of 
a  round  shallow  iron-pot,  8  inches  in  diameter  and  2  inches  deep ;  the  mouth  is  closed 
by  a  diaphragm  of  coarse  filter-pa|>er,  closely  cemented  to  the  sides  of  the  vessel ;  and 
ever  this  is  tied  a  covering  of  thick  paper,  in  size  and  shape  like  a  hat  The  vessel 
in  then  heated  gently  and  slowly  on  a  sand-bath  (1  lb.  of  gum  requires  3  or  4  hours), 
On  removing  the  paper-cover  wnen  the  whole  is  cool,  it  is  found  lined  with  a  erystalline 
sublimate  ra  benzoic  add.    The  diaphragm  allows  the  vapours  of  benzoic  add  to  pass 
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BENZOIC  ACiD. 

t,  poiiflei  than  in  great  mauora  frou  tmmfODttiB  prednda,  aod  pn 
■Bd  add  from  Uling  huA  into  the  TanaL    Aboat  4  par  eeat.  acid  u 

if  ths  rstidiie  in  the  iron  Teaarl  be  brokeo  ^  and  ^aaa  bealad.  IIm 
loeaaed  to  12j  per  cent  The  add  praparad  bj  tldi  metbod,  wUAai 
I  beat  for  phannaeratieal  piupuaw,  ia  qnite  pure,  with  tha  axantiaB  et 
me  oil,  vtiich  pvea  it  a  ameU  like  that  of  nnill^  and  on  riiidi  tta  » 
I  depend,  at  lesit  to  aome  eztoit.— The  extraetJon  of  tha  acid  fcoi 
lay  ba  effected  more  oompletely  in  tha  wat  way.  Scheela'aproMaa  << 
to  mix  2  pta.  nain  with  ntiua  leaa  than  1  pt.  qnick  lime,  vUc^  i 
I  dignt  the  mixture  fiir  aome  honra  with  20  pla.  odd  watet,  and  to  bo 
r  half  an  hour.    The  Mlntioil  oontaining  benmata  of  ealGamn  ■■  fl 

i«aidne,  which  ia  then  wadied  with  hot  wat«r.  erapantcd  to  eoe^al: 
Ihexceiaof  hjdrochloricacid;  tha  benKiic  acid  which  ajatalliaeamt  on  o 
1  b;  racrj«taUi*attan  bom  hot  water,  or  bj  anblimation.    If  aodia  «bi1iod 

inrtnad  of  lime,  a  portion  of  the  main  ii  ^it  to  be  diMolTfd,  whieil  ooloa 
Eid.  and  cannot  be  ramored  without  difficnl^.  Wohler  (Am.  Ck.  F 
\  givea  ^e  following  method' — -Fowderrd  gum-benioin  ia  diaaolred  t 
tt  in  an  equal  Tolnme  of  alcohol  of  90 — S6  per  cent,  the  hot  actetiMi 
ng  hydnxihlorii:  add  till  the  reaidne  begina  to  be  precipitated,  and  tba 
M  long  ae  iti  couiieteDi?  permita ;  it  ia  tben  allowed  to  cool,  and  agai 
h  Watar  aa  kmc  a>  anj  buiaoic  ether  paeaM  orer.     The  joiot  distillala 

ether,  akohol,  and  hjdrochloric  add,  are  heated  with  c ^~  ~ 

ia  entirely  dec<  '       ' ''  '"'         '  "*       * 

hydioehlane 
by  luihr'a  method. 
>  add  may  alao  be  prepared  from  hif^ntrie  add  }ij  boilinc  it  fiir  half  a> 
ng  hydrochloric  acid,  and  waahing  the  product  with  o^d  water.  B 
metimea  met  with  in  commerce,  which  ia  prepared  from  tha  nrioe  of  | 
■wiTwla  Xhe  nriae  ia  allowed  to  patrefy,  then  mixed  with  milk  of  hs 
and  the  filtrate  ia  ertqxirated  and  predpitated  by  hjdm^ilorle  aad. 
benioic  acid  be  coloured,  it  ia  rediaaolTed  in  thin  milk  of  lima,  tba  whole 
ide  of  caldnm.  hydrochloric  add  added,  and  tha  predpitate  i  em  jatal  Haei 
Iter.  The  add  thna  prepared  ia  inferior  to  and  cheaper  than  that  ob 
latdon.  It  alwaya  amella  of  mine,  and  nsrar  haa  the  peenUai  MBen  I 
add. 

ie*. — Benioic  add  cryatalliBaa  in  coloarlaai,  traniparent,  penly  >Md 
rhich,  under  the  magniiying  glial,  appear  to  be  aii-^ided  pnama.  It  h 
1  a  &int  bnt  peniitent  aonr  and  warm  taate.  It  reddena  litmna.  It 
C.  to  a  colonrieaa  liquid  of  ipedflc  giavi^  1-0838  (water  at  0°b(9iigtai 
d  boila  without  decompoaitian  at  !lE)-2°  (at  740  mm.  preemre)  (Kopc 
anblima  at  a  much  lower  temperature,  and  diatila  orer  abniidantli 
'  water.     Ita  T^iour.denBitT  ia  4'2T  (Hiiacherlich);  the  Tapoon 

It  diaaolvea  in  200  pta.  cold,  and  in  24—30  pta.  boihng  watar,  nnich 
alcohol  and  ether.  Fata  and  volatile  oila  dinofre  it  abnndaBtly.  It  dia 
•nlphnric  add  without  decompoaitiou,  and  is  repredpitated  by  w 
xA  by  boiling  dilate  nitric  or  chromic  add ;  and  ia  thna  diatmgi 
add,  which,  under  theaa  drcumataneea,  jielda  hydride  of  bansoyL 
■miMdiu..  1.  Bb  iaU. — When  Tiq>our  of  benioie  add  ia  paaeed  thro 
ibe  filled  with  fragmenta  of  pnmice-itone,  it  ia  deoompoaed  mto  bensm 
inhydride.    The  aame  deoompodtioD  takea  place  at  a  lower  tamperatiire 

ia  heated  in  a  retort  with  A  or  6  pta,  coara«]y  powdered  pumice. 
t  be  mdied,  nwhtbalin  and  aome  empyrenmatie  pndneta  are  aJn  fu 
Idna  ti  oartMn  left  (Barteewil  and  Bondanlt).  If  benioic  odd  be  1 
I  only  benzene  paaaea  over,  the  carbonic  anhydride  being  retained  bjlhi 
I  contact  with  air,  benzoic  add  bnma  with  a  bright  amt^  flame,  and 
a,  3.  Jhy  cUorine  acta  upon  benioie  add  in  annlight,  forming  a  r* 
nmy  masa,  whence  potaaiic  carbonate  eitncta  eblarobenioic  acid  (aee  b 
m  a  browu-red  reddae,  which  amella  of  benioin,  and  contaiiii  cii 
).  Bromine  acta  on  benzoic  add  in  limilar  a  manner.  When  cb 
into  a  hot  iqueoua  aolutioD  of  benzoic  add,  or  when  benioie  add  ia 
ona  chloride  of  lime,  or  with  potaadc  chlorate  and  hydrochlonc  add,  i 
no-,  di-,  and  tn.c)ilorabenzoie  addi  ia  obtained ;  btit  theae  adda  have  no 
and  examined  (Btenhonaa,  Ann.  Ch.  Pharm.  It.  10).  When  a  aotni 
>id  in  eiceu  of  pataeh  {■  latnnted  with  chlorine,  chloionicde  add.  C?B 
d(8t.ETre).  3.  When  benzoic  add  ia  heated  with  attVnG;  talrk 
HC  add  ia  formed :  a  mixture  of  eolphuric  and  (taming  nltiic  acid  codt 
n>beiuoic  add.    4.  Faming  tulphaiic  acid  eonvarti  it  into  an^iliol 
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•dd.  6.  HeAtad  to  200®  C.  with  a  mixtare  of  unhydioaa  add  sulphate  of  aodiniB, 
(Na^SO^JjO*)  and  ohiorida  of  Bodivm,  it  yields  chloride  of  bensoyl  together  with  hydio- 
ehlorio  acid. 

C^H)»  +  80»  +  2Naa  -  CrH»OCl  +  HQ  +  Na«0*. 

The  neatral  sulphate  of  sodium  is  associated  with  the  sulphuric  anhydride  to  prarent 
the  latter  from  oonvertiiig  the  benzoic  add  into  snlphobensoic  add  (Beletof^ 
Ann.  Ch.  Phaim.  cix.  256).  6.  Perehloride  of  phoaphorus  does  not  act  upon  benzoic 
tdd  till  heat  is  applied,  when  hydrochloric  add  is  erolyed,  and  chlorides  of  benzoyl 
and  of  phosphoryl  formed.  7.  In  the  animal  oiganism,  benzoic  add  is  converted  into 
hipporic  add,  wnich  is  found  in  the  urine.    (Wohler,  &c.) 

Bbioo^tis. — Benzoic  add  decomposes  carbonates,  but  an  alcoholic  solution  of 
potaasie  bensoate  is  decomposed  by  carbonic  anhydride,  potasnc  carbonate  being  pr»- 
dpitated.  It  is  a  monobasic  add,  but  forms  some  add  and  banc  salts.  The  normal 
benzoates  are  mostly  oystalliBable,  and  soluble  in  water  and  alcohol  Their  aqueous 
solutions  are  decomposed  by  almost  all  adds,  benzoic  add  being  prodpitated.  Alkaline 
and  alkaline-earthy  benzoatee  yield,  by  diy  distillation,  benzene,  benzene,  solid  hydro- 
carbons isomoric  with  naphthalin,  and  a  metallic  carbonate.  A  mixture  of  benzoate 
and  formate  of  potasnum  yields,  when  heated,  hydride  of  benzoyl  (Piria).  WiUi 
chloride  of  phosphoiyl,  alkaline  benzoates  yield  chloride  of  bensoyl  and  a  phosphate ; 
with  chloriae  of  benzoyl,  an  alkaline  chloride  and  benzoic  anhydride.  With 
porchloride  of  phosphorus  or  chloride  of  sulphur,  they  yield  dther  chloride  of  benzoyl 
or  benzoic  anhydride,  according  to  the  proportion  of  benzoate  present 

Beneoate  of  Ammonium,  a.  Normal. — Obtained  in  oystals  by  cooling  a  solu- 
tion of  benzoic  acid  in  strong  warm  ammonia ;  or  by  ieraporating  a  more  dilute  solution 
with  addition  of  ammonia  m>m  time  to  time.  It  deliquesces  in  the  air,  and  is  soluble 
in  water  and  alcohol,  but  less  so  in  the  latter  than  the  potasdc  salt  When  heated 
in  a  retort,  it  loses  water,  and  is  converted  into  benzo-nitrile.  Its  sedation  loses 
ammonia  on  evaporation,  yielding: 

b.  Aeid  so/^— Obtained  in  large  irregular  oystals  by  the  spontaneous  evaporation  of 
the  solution  of  a.    Less  soluble  than  a  in  water  and  alcohol 

BenMoaU  of  Barium,  C**H''Ba*0*  -l-  2Aq.— Slander  permanent  needles 
(Trommsdorf),  or  large  tables,  which  beooma  opaque  at  100®  C.  (Plantamour), 
and  lose  their  water  at  110®  (Limpricht). 

BengoaU  of  Cadmium,  C"H»»Cd''0*  +  2Aq.— By  evaporating  a  solution  of 
carbonate  of  cad^um  in  aqueous  benzoic  acid,  shining  aggregated  needles  are  obtained, 
soluble  in  hot  water,  sparingly  in  alcohol    (Schiff.) 

Bensoate  of  Calcium,  C"H'*Ca''0*  +  2Aq.— Crystallises  in  feathery  needles  or 
in  granules,  soluble  in  29  pts.  cold,  and  in  less  hot  water. 

Beneoate  of  Copper,— A.  hot  solution  of  sulphate  of  copper  gives  with  notassie 
benzoate  an  aggregate  of  bluish-green  needles  (Ettling),  which  are  anhydrous 
(Mitscherlich).  It  dissolves  in  warm  dilute  acetic  add,  and  crystallises  thence  in 
small  green  needles.  It  is  insoluble  in  alcohol  By  dry  distillation  it  yields  benzene, 
benzoic  add,  benzoate  of  phenyl,  and  an  oil  which  boils  at  260^'  C,  and,  when  heated 
with  sulphuric  add,  is  decomposed  into  hydrate  of  phenyl  and  a  solid  hydrocarbon, 
C*H^ :  the  reddua  contains  sidicylate  of  copper. 


a  solution  of  ferric  chloride,  containing  enough  ammonia  to  give  it  a  dark-red  colour, 
is  mixed  with  an  alkaline  benzoate :  it  is  a  flesh-coloured  predpitate,  insoluble  in, 
and  not  decomposed  by,  cold  water,  and  containing  17*6  per  cent  iron.   (Berzeliua) 

Ferrous  Beneoate  crystallises  in  needles,  which  effloresce  and  turn  yellow  when 
exposed  to  the  air,  and  aro  soluble  in  water  and  alcohol  Benzoate  of  ammonium  does 
not  predpitate  ferrous  salts. 

Beneoate  of  Lead.  C"H"Pb^0*  +  Aq.— A  light  ciystalUne  powder,  obtained  by 
predpitating  normal  lead-salts  with  potassie  benzoate.  It  melts  a  little  above  100®  C, 
and  eives  off  its  water  (Berzelius).    When  digested  with  basic  aceUta  of  lead,  it 


ammonium  with  sub-acetate  of  lead. 

Beneoate  of  Magneeium.'-YeAtherj  efflorescent  crystails,  readily  soluble  in 

water. 

Man^anous  Beneoate.  C"H**Mn*0« -f  Aq.— Transparent,  colourless,  permam^ni 
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Inblf  in  20  pU.  cold,  ud  in  ■  much  nnkller  quaiit)^  of  bailing  v 
DlnUe  in  alcobol. 

ie  Binteati.    C"B"H^O<   +   Aq.— A  «hit«  jmdpitUa,  nnda  t 
dlM,  obtainad  bj  adding  OiD  •Uulins  baiuoate  to  ■  aolntioa  of  eon 

It  is  iowlnble  in  cold,  tolrnblj  •olabts  in  hot,  Tatar ;  alariiol  and 
it,  leaving  a  buic  ulC,  which  ma;  also  h«  obtainad  b;  boiling  bcDsw 

and  extent  of  mercnric  oxide.  When  treated  with  anunooia,  bmi 
I  conyen«i  into  am-nKmio-mercaric  bttuoate,  a  white  powdor,  iaiolDt 
ttt  iusolubla  in  alcohol  oi  ether ;  potuh  turna  it  yeUow,  and  dJiai 
it  coDtaina  6S't)S  per  cent.  meRniic  oxide.  (Hatft) 
DM*  Btntoatt.  C»H"(Hg')'0'  +  Aq.— A  bnl^  otMUUiw  pyaf 
it  ilsuder  neadlca ;  ineolable  in  cold  water ;  docompoaed  b;  boiling  ' 
with  Hparatioa  of  metallic  aaraaj.  Beooinaa  lignt'TBllow  wheo  ex 
~  ^   .  ■_..  ^  blaipowdw,  coBti 


Tn^ed  with  ammonia,  it  ia  ooorertad  i: 


liofPatafiujn.  a.  Sonul.  C^'KO*  -*■  Aq.— CtTttiDiaM  with 
an  kqiieoiu  tolntion,  more  eaiilj  ftam  hot  alec^Ml,  in  IMh*tT  noed 
im.  It  ia  Tcry  aolable  in  water,  haa  a  ahaip  bnniing  taite,  asd  at  l< 
Iter.  Heated  with  araeniona  hjdride,  it  jietda  beoiene.  (Dareet.) 
})dl.  CH'EO'  *  C^'O*.— FormediotlMfnjiaratianofaeedcaiih] 
de  of  bemojl  and  acetate  at  potaanom ;  the  naidiie  it  wwihed  with  ' 
dJMolved  in  boiliiig  alcohol,  wben  the  add  benioal*  ajataltiMB  in  ; 
i  ia  alif^tJ;  eohible  in  oold  water,  or  in  boilii^  alcoboL  (Oregoiy.) 
it  of  BilvtT, — A  irtiite  emdj  pneipitatB,  ohtaiiwd  by  donble  dMonpoi 
I  in  a  large  qoantitf  of  boilii^  watCT,  and  ojataUiaea  thtoce  in  laOK  el 
inien  heated,  it  mella  and  awella  m  and  learea  -nrj  white  "**■''■■  i 
lin  l-9Spta.  alcohol,  at  IOO«C.  (Mitacherlich.) 
:i(  of  Bodiun.    Effloraeeant  pointed  eryvtal*,  (olnbU  in  wmtMv  ap* 

U-,  nieid-,  and  rine-talU  are  ciTatalliuhle  and  aolnble  in  wat^  and  air 
n'WD-jott.  djatalline,  toleiablj  aolable  in  water:  the  Uildum-talt,  v 
reij  aolnble :  the  birmulK-,  eenuni-,  tin-,  j/Uriuvi;  and  *irco»iittMali 
.pitatea,  aparingly  aolabla  in  water. 


-Formed,  accoiding  to  Schailing,  in  the  irj  diatiDBtioii  of  (olD.b) 
ipantion,  2  pts.  benzotf  acid,  1  pt.  wood-ipirit,  and  2  pta.  atronc  Ba]| 
iatiUed  logelJier,  the  residue  redistilled  two  or  three  timeawith  fre^ 

the  nuited  diitillatea  mixed  with  water.  The  impoie  bensoata  of  a 
hni  precipitated,  if  washed,  dried  orer  chloride  of  ealdnm,  tad  m 
of  lead,  that  portion  whiofa  oomea  otct  abore  198°  0.  being  CoUaCtad 
>  be  prepaied  by  dirtilling  aolphate  of  methjl  with  potaHie  bennoat 
eaa.  oJy  liquid,  with  a  pleasant  halaamie  anuli,  insoluble  in  water,  • 
ud  ether:  boils  at  19S''-SC.  at  7^1  nua..  or  aMa9°-2  atTie  nun.  (E 
«Ti^  1-10  at  17°.  or  1-0878  at  163  (Kopp):  Tqxmr^nai^,  W  e 
7.  Ill  vapour,  paased  tbroogh  a  led-hot  tuba  filled  with  lime,  yieldi,  i 
icta.  benxene.  It  absorbe  chlorine  without  apparent  alteration :  irtie 
liquid  ia  heated,  hydrochloric  acid  and  chloride  of  methyl  paaa  o*n 
Uoride  of  beniovl  m  abundance ;  the  coloiued  rendae  contains  baoi^ 
od  (probably)  cblorobenxoate  of  methjL 
'l,   BemoeviHetltr.    C 

lonllay,  Ann.  Ch.  F_j_       .  .. 

harm,  iii  274;  Doville,  Ann.  Ch.  Phya.  [3]  iiL  188.)- 

Bd  by  the  mere  contact  of  benxoic  acid  and  alcohol,  howenr  prolonged 
1  takes  place  gradually  when  the  Biiitnre  ia  he«t«d  to  lOOo  C.  m  a  B^ed 
imall  quantity  of  a  stioDg  acid  ia  added  to  it  The  statements  of  Derill 
Lot  it  IB  formed  hy  the  dry  distillation  of  toln-b^aam  and  ffom-benioin. 
Kinflm  BtioD.    It  ia  prepared  by  diatillin^  4  pta.  alcohol  with  2  pta.  bt 

pL  fanung  hydrochloric  acid,  till  two-thirds  have  paaed  onr,  and  po 
stillate  into  the  retort  two  or  three  timei :  a  little  of  the  ether  passea 
eater  part  remoina  in  the  residue,  whence  it  ia  separated  by  additi 

a  solution  of  3  pts.  benzoic  acid  in  1  pts.  boiling  alcohol  of  BO  pet  et 
nine  time.     Liebis  and  Wiihier  prepare  it  by  disaolTiog  ehloiide  of  be 

alcohol :  heat  and  hydrochloric  acid  are  CTolred,  and  l£a  addition  of 
la  ether.    The  etlier  prqtared  lo'  »>/  of  these  msthoda,  oontaina  agot 
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'onzoic  acid,  from  which  it  is  parified  by  agitatioD  with  aodic  carbonate,  washing  with 
later,  and  rectification  oyer  oxide  of  lead. 

lU^nzoaie  of  ethyl  is  a  colourless  oil,  with  a  pleasant  aromatic  smell,  and  a  pongent 
ii-^te ;  boils  at  212*9^  C,  when  the  barometer  stands  at  745*6  ram.  Specific  gravity 
U656  at  10^*5  C.  (Kopp).  Vapour-density  by  experiment,  6*406.  It  is  slightly 
oiuble  in  water,  soluble  in  all  proportions  in  aloohol  and  ether.  It  bums  with  a  bright 
mokj  flame.  Chlorine  does  not  act  upon  it  below  60^  or  70^  C,  when  hydrochloric 
>cid  and  chloride  of  ethyl  pass  oyer:  on  heating  the  mixture,  a  colourless  distillate 
<iMe8  oyer  at  190^,  to  which  Malaguti  (Ann.  Ch.  Phys.  [2]  Ixx.  374),  assigns  the 
ormola  G"H*Hn*0*,  regarding  it  as  a  compound  of  ddonde  of  benasoyl  with  bichbro* 
'ioic  ether :  the  black  residue,  when  fturther  heated,  yields  chloride  of  benzoyL  Nitrio 
Lcid,  or  a  mixture  of  nitric  and  sulphuric  acids,  oonyerts  it  into  nitrobenzoate  of  ethyL 
t  IS  not  attacked  by  ^r^hloride  of  phosphorus  (Cahours).  When  «<i«^il|fKi  oyer  ftised 
chloride  of  zinc,  it  yields  chloride  of  eth^l  and  bensoate  of  sine,  which  latter  is  de- 
composed by  further  heat,  fonning  benzoic  acid  and  benzene.  Ammonia  acts  upon  it 
ilowly,  at  the  ordinary  temperature ;  but,  if  the  mixture  be  heatpd  aboye  100^  C.  in  a 
sealed  tube,  benzamide  is  readily  formed.  Aqueous  potash  converts  it  very  slowly  into 
ilcohol  and  potassic  benzoate:  when  heated  with  solid  potash  or  potash-lime,  hy- 
Irog^en  is  eydyed,  and  benzoate  and  acetate  of  potassium  formed  (Dumas  and  Stas). 
^diom  acts  upon  it  between  60^  and  70^  C. :  the  liquid  turns  brown,  without  eyo- 
lutioD  of  gas,  yielding,  among  other  products,  the  ether  of  a  peculiar  acid.    (See  Htfo- 

BUNZOTLOUS  AfDID.) 

Brnsoate  of  Ethylene,  Betuoate  of  Glycol.  C»«H»*0<  -  (CI[H)y,(Cm*)\0\ 
(M.  Simpson  and  Wurtz,  Ann.  Ch.  Phys.  [3]  ly.  400.) — Obtained  by  the  action  of 
dibromid  of  ethylene  on  benzoate  of  silver.  It  is  soluble  in  ether,  and  ciystidlises 
from  the  solution  in  colourless,  shining,  right>rhombic  prisms.  Melts  at  67^  C,  and 
distils  without  alteration  at  a  temperature  above  the  boiling  point  of  mercury. 

Bensoate  of  Amy L  C»«H>H)»  -  C^*(C»H")0»  (Rieckher,  (1847),  Jahr.  p. 
Pharm.  xiv.  16\ — Obtained  by  distilling  1  pt.  fusel-oil  and  2  pts.  sulphuric  acid  witii 
excess  of  alludme  benzoate.  It  is  a  ycdlowish  oil  of  peculiar  smell :  boils  at  260*7®  G. 
when  the  barometer  stands  at  746*6  mm.  Specific  gravity  0*9926  at  14^*4  (Kopp): 
readily  decomposed  by  alcoholic  potssh. 

Bensoate  of  AIM.  Benzoepropylenyl.  C»»H»«0»=rC^*(C^»)0*(Zinin,  Ann.Ch. 
Pharm.  xcvi  362;  Cahours  ana  Hofmann,  ibid.  oL  297;  berthelot  and  De 
Luc  a,  Ann.  Ch.  Phys.  [3]  xlviii.  286). — Obtained  by  distilling  equal  quantities  of 
iodide  of  allyl  and  benzoate  of  silver,  washing  the  distillate  with  sodic  carbonate,  and 
rectifying  over  oxide  of  lead.  Also  by  the  action  of  chloride  of  benzoyl  on  allylie 
alcohol.  A  yellow  aromatic  oil,  heavier  than  water :  boils  at  230® — 240®  C. :  insoluble 
in  water,  soluble  in  alcohol  or  ether:  decomposed  by  boiling  with  potash. 

Benzoateof  Benzyl  Benzoate  of  Tolyl,  (Canizzaro.)  C"H>H)«-C»H»(CH^O«. 
— When  chloride  of  benzoyl  and  benzylic  aloohol  are  distilled  together  in  equal  propor- 
tions, hydrochloric  acid  is  evolved,  b^izoic  add  and  chloride  of  benzyl  pass  over,  and 
^ally  benzoate  of  benzyl,  in  the  form  of  a  yellowish  oil,  which  oystallises  on  cooling. 
It  is  purified  by  pressure  between  filter-paper,  rectification  over  benzoic  anhydride, 
washing  with  sodic  carbonate,  and  another  rectification.  It  forms  colourless  oystal- 
liuc  laniinse,  which  melt  below  20®  C,  and  boil  at  about  346®.  After  fbsion,  it  reciys- 
ttdlises  with  great  difficulty,  often  requiring  the  aid  of  a  freezing  mixture.  It  is  isomeric 
with  benzoin. 

Benzoate  of  Glycyl.    See  Bbmzoicdi. 

Benzoate  of  Phenyl.  Benzophenid,  Benzoeoxyd.  Bensoearbolic acid.  C**H"0*— 
C'H»(C^»)0».  (Ettling  (1846),  Ann.  Ch.  Pharm.  liii  87;  Stenhouse,  tWtf.  liii. 
91 ;  Laurent  and  Gerhardt,  ibid.  Ixxv.  76;  List  and  Limpricht,  ibid.  xc.  190.) 
— Obtained  by  the  action  of  chloride  of  benzoyl  on  phenylic  alcohol  or  phenylate  of 
potassium :  by  the  dry  distillation  of  benzoate  of  copper  (Ettlinff) :  by  heatmg  ben- 
fosalicylio  anhydride  f  Gerhardt).  List  and  Limpricht  have  shown  the  identity  of 
the  substances  obtainea  by  all  these  methods.  It  is  best  prepared  by  heating  phenylic 
alcohol  with  chloride  of  benzoyl,  as  lon^  as  hydrochloric  acid  is  evolved,  washing  the 
crystalline  product  with  potash,  exhausting  it  with  ether-alcohol,  and  evi^porating  the 
solution  to  crystallisation.  To  obtain  it  £rom  benzoate  of  copper,  the  diy  salt  is  dis- 
tilled over  the  open  fire  as  long  as  vapours  are  evolved ;  the  distillate  again  distilled 
with  excess  of  some  carbonate,  as  long  as  benzene  passes  over  with  aqueous  vapour ;  the 
insoltible  residue  in  the  retort  separated  firom  the  alkaline  liquid,  washed  with  water, 
and  dissolved  in  hot  alcohol ;  and  the  crystals  which  separate  on  cooling,  purified  by 
repeated  crystallisation  from  hot  aloohoL   (List  and  Limpricht)^ 

fianzoate  of  phenyl  forms  hard,  shining,  colourless,  rhombic  prismSy  often  half  an 
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,melt(inta6°C.,  ■ndcoolato  it  cirxtallinpmiiSB:  at  i  higher  tun 
Qndi^ompoaed.  It  has  ■  faint  smell  of  upraninms,  or,  when  ht 
isoluble  in  «at«T,  nlabU  in  alcohol  and  ether,  especially  on  bra' 
red,  TBiy  smokj  flame.  Chlorine  aod  bromine  eoniert  it  into  snt* 
■  below).  Sulphuric  arid  disxalvm  it  readily;  the  addition  c 
Boic  acid,  while  siUphophenjlic  add  ramaina  in  aolntion.  Boilin. 
Ofs  not  attack  it.  It  is  not  decomposed  by  boiling  with  aqafoiia 
atnre  be  heated  to  150=— 170"  C.  in  «  scaled  tabe.  potiissic  ben* 
I  formed :  the  same  decomposition  is  eflected  by  ftision  with  soUi 
with  slcobolic  potash,  ereo  in  the  cold.  It  maj  be  boiled  with 
liout  decomposition :  if  the  miitum  be  heated  t«  160°  C.  in  >  Be« 
hoi  and  benzamiila  are  formed,  bat  no  aniline.  It  ia  cimiluj; 
listilled  in  a  stream  of  diy  ammonia,  Pnchloride  of  phospiiora* 
jist  and  Linipricht.) 

Bahatitviion-praducii  of  Brnioate  of  Fhmt/I. 
■t  H  in  benioate  of  phenyl  may  be  lepUced  by  Br,  CI,  or  NO' 
;>roducte  are  obtained  either  by  the  direct  action  of  chlorine,  bp 
c  acid,  on  benzoate  of  phenyl ;  or  by  the  action  of  chloride  of  be 
lon-producta  of  hydrate  of  pnenyL 

<  of  Sromophcnvl.  C"H'BrO'-(7H'(C^'Br)0',  and  of  X> 
'H'Br^'-C'HVCH'Br'jO'.  Bromo-  and  Dibromo-hfmmhniid 
cht. /«;.«■(.)— When  dry  benzoale  of  phenyl  is  treated  with  bTOroic 
bromic  acid  is  evoked,  the  excess  of  bromine  distilled  off,  and  tli 
jstiilliBed  from  hot  alcohol,  large  eolourlesa  needloB  are  olitaiuF 
01)°  C,  subhme  undecomposed,  and  are  inaolnble  in  wat«r.  but  » 
jnd  ether.  From  the  great  variation  in  the  analysea.  this  com 
lirture  of  at  least  two  Bubfltitutioa-«imponnda :  and  it  is  prob, 
^phenide  la  present  also.  The  substance  is  dissoKed  and  decom 
«  potash,  into  benzoic,  bromophenylic.  and  dibromnphenylic  acidp 
!  of  Chloropheni/l.  Ch/orohfnamimid.  C"H'C10'-CH'(C" 
!,  /or.  cil.) — When  dry  chlorine  is  led  for  some  days  over  fused 
dark-yellow  mixture  ia  produced,  conaistin^  of  an  oily  and  s  ■» 

!'  pungent  smelt :  this  is  pressed  between  filter-paper,  and  the  a 
y  crystaUieed  from  ether.  Large  flat  cryatala  are  tbae  obtaine 
'„  and  sublime  in  four-aided  prisms  :  they  hare  a  faint  smell,  Uk 
e  of  carbon.  From  analyseii,  this  aubatance  appeals  to  be  a  in 
dirhloro-bcniophenide.  The  oily  substance  containa  more  clilo 
iistB  in  piirtof  trichlombeneoplienide.  Both  compounds,  when  hei 
uh.  yield  chloride  and  bcnzoste  of  potassium,  and  on  additioD  n 
a  dark,  resinous  body,  smelling  of  creosote,   vhich  ia  probabl 

'  of  m«itrophenyl.  Dinitrohtniophnidf.  C'H'tTO*  =  C 
jflurent  and  Gerhardt  loe.  n(.>— Dinitrophenylic  acid  ia  hi-a 
'nzoyl,  as  len|j  as  hydrochloric  acid  isevolved;  and  the  product  is  f 
iinmonia,  wmihed  with  cold  alcohol,  and  ayBtallised  from  bitilinp 
ibic  luminte.  insoluble  in  water,  slightly  soluble  in  hot  alooh 
irm  ether,  partly  soluble  in  potash. 

of  Trinitropkenyl.  Trinitrobeniophenidr.  CE^K)*  —  C 
Prepared  like  the  preceding  compound,  trinitrophenyhe(picric)a 
irdinitrophenylicacid.  Shinina  yeUnw  rhombic  Inmuue,  lesisBnln 
an  the  dinitro-com pound.  When  heated,  it  melts  and  loltdi 
■as:  heated  more  strongly,  it  explodes.  Ditisnlvea  in  boiling  pola 
d  solution,  whence  acids  precipitate  crystalline  flakes. 

Suhstitutum-prodiicla  of  Btnimc  Acid. 
sore  A(TO.    CH'BrO'.  (Piligof  [1838],  Ann.  Ch.  Pham.  xxr 
Br.  Axch.  iiiii.  16  ;  Miillec,  Compt.  rend.  xxi.  326.1— Beoioii 
bromine  ia  the  sunshine,  the  excess  of  bromine  distilled  off.  Ihi 

eodic  carbonate  (when  an  oil  rotitsinin);  bromine  remaiiiB  nodi 
ntioD  precipitated  by  nitric  acid  (Herzog),  P^lignC  makes 
ipon   benioale  of  silver,  by  placing  the  salt,  together  with  a  tube 

in  a  closed  vessel,  and  leaving  it  for  twenty-four  hours:  from  th^ 
i7oic  acid  is  dissolved  out  by  ether.     Tiie  solution,  on  evapomtir 

which  crystallises  on  cooling:  this  is  diss'^lnd  in  pot»-«h.  trea 
i>al,  and  reprecipitaled  by  nitric  acid.     It  formi  a  colourte^s  n 
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Mf»  which  melU  at  100^  C^  and  sublimes  at  260^,  leaTing  a  rssidae  of  carbon.  It 
ims  with  a  smoky  graen-edged  flame :  is  sparinglj  soluble  in  water,  xeadilly  in  alcohol 
id  ether. 

BromobeTuoatsi  are  genendly  soluble  and  dystaj^sable :  the  lead^t  copper',  and 
ercttrous'SaUs  are  less  soluble.  The  mlffer-eaU^  C^^AgBrO*,  is  soluble  in  warm 
ater. 

CxLOBOBBiioio  Acid.  Chloromichtrwlie  acid.  CHKTIO*.  (Hersog,  1840,  N.  Br. 
rch.  zziiil6 ;  Scharling,  Ann.  Ch.  I*hann.  zlL  49 ;  zlii  268 ;  Sten house,  ^iid.  It.  1; 
ield,  ibid,  Izy.  65;  Linipricht  and  t.  Uslar,  ibid.  61  269;  Chiozsa,  Ann,  Ch. 
hys.  [8]  zxztL  102). — ^Wnen  diy  bensoic  acid  is  acted  on  by  chlorine,  a  moist  liscid 
KldisD  mass  is^  fonned,  which  appears  to  contain  a  mixture  of  mono-,  bi-,  and  tri- 
ilorobensoic  acids ;  these  acids  (which  8tenhouse  also  obtained  by  treating  benaoio 
ad  with  chloride  of  lime  and  hydrochloric  acid^,  cannot  be  separated  from  ei^  other, 
impricht  and  Uslar  obtained  pure  chlorobenzoic  acid  from  cmoride  of  chlorobenzoyL 
ccording  to  them,  the  acid  obtained  by  Chiozza,  by  the  action  of  perohloride  of 
hosphoros  on  salicylic  add,  is  not  identical,  but  iBomeric,  with  chlorobemsoic  acid : 
e  shall  deecribe  it  separately  as  parachlarobemoic  acid.  There  is  no  doubt  that  the 
[iloromichmylic  add  obtained  by  Scharling  by  distilling  urine  with  nitric  add,  is 
ientical  with  chlorobenzoic  add. 

Limpricht  and  Uslar  boil  chloride  of  chlorobenzoyl  (obtained  by  the  action  of  per- 
il loride  of  phosphorus  on  chlorosulphobenzoic  ada)  with  potash,  and  saturate  Uie 
>lution  with  hpr<uochloric  add :  the  predpitated  chlorobenzoic  add  is  purified  hy  re- 
smbination  with  a  base  and  repredpitation  by  an  add.  It  forms  colourless,  conoen- 
rioally-grouped  prisms,  which  melt  at  about  140^  C,  but  sublime  at  a  lower  tempe- 
siture  in  small  needles.  It  dissolyes  sparingly  in  cold  water,  readily  in  hot  water, 
Icohol,  or  ether.  Fuming  nitric  add  converts  it  into  nitrochlorobenzoic  add.  The 
klcyrohenzoateM  are  genenuly  soluble.  The  solution  of  the  ammoniwii'aalt  gires  off 
mmonia  abundantly  when  evaporated,  so  that  the  residue  is  nearly  pure  chlorobenzoie 
cid.  The  add  which  Field  obtained  by  boiling  benzoic  add  with  potassic  chlorate  and 
ydrochloric  acid,  melts  with  difficulty,  and  bl^ens  when  heatecL  The  barium-  and 
aldum-saUs  crystallise  with  3  aq.,  which  they  lose  at  100*^  C.  The  lead-^alt  is  a  white 
recipitate,  which  melts  and  turns  yellow  at  110^.  The  jwtassium-'  and  todiumsalts 
re  uncryBtallisable.  The  tilver-ealt,  C^^AgClO*,  is  a  wmte  predpitate,  consisting  of 
licroflcopie  needles.  Chlorobenzoic  ether  (chlorobenzoate  of  etbyl),  CH*C10*  » 
:^H*(OH*)C10*,  is  obtained  by  treating  the  add  with  alcohol  and  sulphuric  add,  or 
hloride  of  chlorobenzoyl  with  alcohol,  and  nredpitating  tiie  product  with  water.  It 
s  a  liquid  smelling  like  benzoate  of  ethyl,  ana  boiling  at  245^  Cf.  It  dissolves  in  nitro- 
olphuric  add,  and  water  predpitates  from  the  solution  an  oil  which  gradually  solidifies 
Dto  crystals,  probably  of  nitroch/arobemoic  ether. 

Parachlorobemoic  Acid^  C'H*C10*  (Chiozza,  Icccit.) — Salicylic  add  is  distilled 
rith  perchloride  of  phosphorus,  and  the  distillate  rectifieo,  when  a  heavy,  strongly  re- 
ractin^  oil  passes  over  between  200^  and  250^  C,  which  is  converted  gradually  by  cold, 
mmediatelv  by  hot  water,  into  hydrochloric  and  parachlorobenzoic  adds :  the  oil  is 
•robably  the  chloride  corresponding  to  the  add.  Parachlorobenzoic  add  forms 
olooriess  shining  crystals,  like  those  of  salicylic  add,  from  which  it  is  distinguished 
ly  giving  no  violet  colour  with  ferric  salts.  It  melts  at  130^  C,  and  sublimes  unde- 
ompoMd:  dissolves  readily  in  hot  water,  and  the  saturated  solution  solidifies  on 
ooliog  into  a  mass  of  needles.  Some  of  its  salts  differ  from  the  corrsspondinff  chloro- 
tenzoKtes  in  the  amount  of  water  of  oystallisation  whidi  they  contain :  uxaa  the 
anum-^alt  is  anhydrous,  and  the  c/dciumrealt  contains  1  aq.  llie  eilver-eait  may  be 
bt&ined  in  ratber  large  ciystals. 

NiTHOBBMioic  Acid,  C^»N0*  «  (rH\NO«)0*.  (Plantamour  [1839],  Ann.  Ch. 
^harm.  zxx.  349;  Mulder,  ibid,  tttjv.  297;  Abel,  ibid.  IxiiL  318;  Bertagnini, 
W.  Ixxix.  259;  Blum e nan,  ibid.  IzzxviL  127;  Gerland,  ibid.TcL  185).  Mulder^s 
method  of  heating  benzoic  add  with  fuming  nitric  add,  is  a  long  process.  Gerland 
ecommends  agitating  1  pt.  benzoic  add  and  2  ^ts.  nitre  with  strong  sulphuric  add, 
nd  heating  the  whole  tiU  it  softens :  the  resulting  nitrobenzoic  add  is  purified  by 
ryHtallisation  from  boiling  water.  The  add  is  alM>  formed  by  the  decomposition  of 
everal  oi^ganic  compounds :  by  the  oxidation  of  hydride  of  nitrobenzoyl  by  chromic 
cid  (Bertagnini) :  by  boiling  cinnamic  add  and  other  dnnamyl-oompounds  (Plan- 
timour,  Mulder),  cumene  (Abel),  or  dragon's  blood  (Blumenau),  with  nitria 
cid:  by  heating  nitrohippuric  add  with  hydrochloric  add  (Bertagnini).  Nitro- 
•enzoic  acid  forms  colourless  lamins,  genermy  grouped  together.  It  melts  at  127^  C, 
lit  sublimes  at  110^,  and  if  pure,  leaves  no  residue:  the  vapours  exdte  ooughinffi 
Vhen  boiled  it  blackens  and  decomposes.  It  dissolves  in  400  pts.  water,  at  10^ 
nd  in  10  pts.  i/  100°,  forming  strongly  ^dd  solutions;  it  melts  in  water  below  100°« 
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lul :  is  rtitdilj  mIuLIb  in  klcohol  &od  ellicr.  Strong  nitric  or  hjii 
Ivca  it  irithoDt  deoompositioD :  bat  it  ia  daeompoaed  bj  ptokageC 
>  Kcid.  It  disaoWca  in  cold  Bolphnrie  lai :  on  hutiDg  tJis  atdatx 
ic  tcid  HablimM.  uid  near  the  DQilios  point  of  nlpfaanp  ^d  t^ 
ed,  a  pHoliu  componiid  beiiig  formed  (Mald«r).  It  i*  not  all 
D  in  dry  chlorine.  Fcnibloride  of  phoaphonu  attuki  it  vboi 
iloildea  of  aitiobeaEojl  and  of  pbospliorjL  With  mlphide  of  taua 
Kunie  acid  (j.  c.)  In  the  auiinikl  lyntem  it  a  coaint^d  into  nilra 
h  appeu*  b  th«  urine. 

maU4  tie  genenll;  isrataltiMble  and  KilnUe  in  irater  and  iloak 
hen  heated,  and  give  off  nitjobeniol.  Nitiabeaxoic  acid  ii  a  stzoDgi 
a  the  aaltj  of  man  j  other  addj.  The  normal  amnonium-^aH  lew*  i 
ed,  and  pelda  an  acid  ult,  vhich  alao  eryxtaJliwa  vhen  the  aolutia 
t  i*  erunnted :  the  oormal  aalt  on  tnotonged  ftuion,  jielda  mli0bt 
rhe  bantm-talt,  C>'H'Bii'N<0'  +  i  aq.,  forma  Bne  OTitsl*  vhieb  1 
00°  0.  Th«  eaUaim-Kitl  oanCaini  2  aq.,  whleh  it  k>«a  at  130°- 
^-talt  ie  A  blofl  powda»  vhich  separat^^  od  cooling  from  a  hot  Toixta 
eapiic  acetat« ;  at  130°  C.  it  loeea  vsler  and  »nie  udd.  Tbe  /<m 
:  it  i>  obtained  as  a  bnlkr  fleah-colonrad  powder,  vhea  a  boiUng 
ie  precipitated  b;  ferric  emoride.  The  normal  Uad-taU  ii  obtaiiMC 
a  boiling  aolDtion  of  the  acid  ia  added  to  basic  acetato  of  lead,  ontil 
pitate  i«  finmed ;  it  ii  decomposed  fa;  waiting  with  water,  and  jit 

fwKnirw^a/t  eontaiu  4  aq.,  two  of  irtiich  it  loaee  below  100°,  the 
I^e  puloMiim-  and  ndimK-taltt  OTetalliie  with  difflcnltr :  wfaei 
leoompoaed,  onitting  ipariu.  The  lUvrr-talt.  C7H'A«N0<,  i*  obt 
dna,  b;  eiTstalliaing  frvm  hot  water  the  precipitate  which  nitrobel 
1  girea  with  nib«te  of  ailTer:  at  120°  C.  it  toms  gre;,  and  loM> 
}li>da  in  doaed  Teaeela.  forming  nitjobemeneL  The  nnc~Ja/f  coataii 
wM  at  140°  :  itcTTatalliaea  tnm  the  flltrate  which  nma  offfrom  the  gi 
I  formed  b;  nilrobemoate  td  ammoniDin  with  enlphate  of  line:  I 
abaaic  aalt. 

•ituoU  BtkfTt.  mtrcbeiusoate  of  MtAyl.  C^lfO' -  CH^CB^ 
.Compt  Chim.  1S4S,  179;  Bertagnini,  Ann.  Ch.  Fhann.  Ixx 
ed  in  A  rimilar  manner  to  nitrobsiwiate  of  ethjt.  which  it  r 
readione.  It  fonnl  amall,  whit«,  nearlj  i^iaqae  right  rbombie 
It  at  70°  and  boil  at  129°C.:  are  inaoluble  in  water,  ali^tlr  ec 
d  ethn,  aomewhat  more  in  wood-apilit :  have  a  &int  aiomatiG  Bmal 
ite. 

uuifa  ofSlkyl  OTPNO'  .  CrH'(C"H'XNO')0'.  (E.  Kopp,  Com 
i;  Chancel,  lac.dl.;  Bettaetiini,  ^.  nf. ;  Li  at  and  Li  mpricl 
L  IV.  200.)— A  boiling  alcoboUc  aolntion  of  nitnibenuiie  add  ia  a 
oehloricacid  :  after  eome  time  water  ia  added,  and  the  predpitated 
rith  hot  aodic  carbonate,  waahed  with  cold  water,  dried  between  Uti 
UaeA  from  ether-alcohoL  Bertagnini  prrparea  it  bj  OTalalliaing  a  so 
r  ni^benxoj]  in  alcohol ;  and  Liat  and  Lzmpricht^  by  dropping  b«] 
a  mixture  of  1  pt.  nitric  and  2  pti.  mlphiiric  add.  It  f<nroa  ngbt 
lich  melt  at  42°  and  boil  at  298°  C. :  amella  like  atrawbenie^  an 
: ;  it  iniolable  in  water,  readily  soluble  in  alcohol  and  ether.  Boilis 
V  it  into  alcohol  and  nitrobnuoie  add :  with  ammonia  it  fonna  I 
d  alcohol :  with  golphide  of  ammaninni,  beniaoiate  of  ethTL 
leoalt  of  DihTonophmyl.  (ffiiroiiironoimiopiBiiiit)  CH^H 
■Br^O>]0*  (Liat  and  Limpricbt,  Inc.  rit.}— Seporatn  aa  a  n 
il  dibiomophenj'I  ia  added  to  nitroaulphnric  add;  the  additicm  i 
:«dpilatea  soything  mom.  It  eryatollises  from  hot  slcobol  in  nodn! 
mall  needles ;  from  a  concmtnt«d  solution,  it  separatee  aa  an  oiL 
10°  and  100°  C:  ii  insoluble  in  water,  apitritigly  aolnble  in  hot 
potash  derampoeee  it  into  nitrobenioic  and  dtbramophenjlic  idda. 
i«Mfe  of pinUrophmyl.  C"H'N'0'-C'H'[C*IP(N0')i](NO'>q*  (I 
It,  inc.  dt.) — Powdered  benioate  of  phenyl  ia  added  to  cold  nitKie 
enpon  it  diisalTes,  andyellowciTatalssenirateont,  which  air  inn  nam 
r  wBtv ;  t}i«e  are  washed,  first  with  cold  water,  then  with  alooboL 
ratallins  powder,  which  tnma  yellow  when  heated,  and  melt*  at  160 
■olidiflea  to  a  yellow  glua,  which  gradoally  bocomes  opoqne.  It  ia  i 
Iter  or  alcohol  sparingly  soluble  in  bot  alcohol  or  in  ether,  Bi 
bil,  it  bnma  with  yellow  smoky  flame  :  heated  in  a  tube,  it  explode 
iqmsed  by  slooholie  potash.    Solpliide  of  ammoniom  diknlTea  it  wi 
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«d  colour ;  bj  eru^cffatioii  on  a  water-bath,  a  dark-Tiolet  reanons  mast  is  obtained 
>artly  soluble  in  acids. 

Dinitrob$nMoic  Aeid,  C»H<N«0«  -  (rH*(NO»)«0«  (Cahours,  Ann.  Ch.  Phya. 
3]  zzT.  30). — ^When  fused  benzoic  add  is  ^;radnally  added  to  a  warm  mixture  of  nitric 
md  snlpbarie  acids,  it  dissolves  with  slight  evolntion  of  gas:  the  whole  is  then 
wiled  (for  1  homv  Cahoois ; — for  6  hours,  Voit),  and  as  soon  as  it  begins  to  be  turbid, 
t  is  cooled  and  water  added,  which  precipitates  yellow  flakes,  which  are  washed  with 
rater,  dried,  and  crystallised  from  boiling  alcohoL  Dinitrobenzoic  acid  is  thus  ob- 
aiued  in  short  shining  prisms,  which  melt  at  a  gentle  heat,  and  sublime  in  delicate 
leedleSb  It  is  slightly  soluble  in  cold,  more  in  boiling,  water;  readily  in  alcohol  or 
rther,  especially  on  heatins.  It  dissolyes  in  hot  nitric  acid,  and  crystallises  on  cooling. 
Jold  sulphuric  add  dissdiyes  it  unaltered,  but  decomposes  it  when  heated  strongly. 
^Iphide  of  ammonium  and  other  reducing  agents  conyert  it  into  diamidobenzoic  add. 
The  alkaline  dinitrobensoates  are  soluble  and  ciystallisable :  the  Uad-  and  gilver^alU 
ire  slightly  soluble.  Dinitrobenzoic  ether  (dinitrobenzoate  of  ethyl),  C*H*NK)*  » 
::'H«rC»H*VNC)«VO«,  ia  obtained  by  saturating  absolute  alcohol  with  the  add,  or  heat- 
ing the  acia  witn  alcohol  and  sulphuric  add :  it  forms  oily  drops,  which  solidify  on 
cooling,  and  are  washed  with  dilute  ammonia,  and  crystallised  from  hot  alcohoL  Long 
delicate  needles,  with  a  slight  yellow  tinge :  decomposed  by  stroog  potash,  especially 
[tn  heating,  into  alcohol  and  potasdc  dinitrobenzoate.  Digestion  with  alcoholic  am- 
Donia  oooyerta  it  into  dinitrobenaamide :  sulphuretted  hydrogen  conyerts  it  into  di- 
imidobenaoie  add.    (Voit,  Ann.  Ch.  Pharm.  zcix.  100.) 

Ifttroohlorobentoio  Aeid,  (TH^NaO*  «  (rH«(N0«)C10«  (Limpricht  and 
y.  XJslar,  Ann.  Ch.  Pharm.  di.  261). — ^When  chlorobenzoic  add  is  dissolved  in  fuming 
nitric  add,  there  is  no  immediate  predpitate,  but  the  solution  continues  for  seyenu 
days  to  depodt  colouriess  tables  of  nitroduorobenzoic  add.  These  melt  at  118^  C. ;  are 
BoluUe  in  alcohol  and  ether ;  melt  in  warm  water,  dissolve  on  boiling,  and  do  not 
s<^p>arate  out  on  oooling.  The  barium-  and  aUver-salU  only  are  known :  the  latter, 
C^H'AffClNO*  -h  ^  Aq  (?),  forms  small  shining  lamina,  tolerably  soluble  in  water.  For 
nitrocktorohenMoie  ether,  see  above,  chhrohengoic  ether,  F.  T.  C. 

riiOZC  AX»GOBO&.    Syn.  with  Bsmstlzo  Aloohol  {q, «.) 

AVBTBBZSa.  BensoaU  of  Benzoyl,  C*<H*H)*  »  (CHH))*.0 
(Oerhardt  (1862),  Ann.  Ch.  Phys.  FS]  xzxvlL  299;  Wunder,  J.  pr.  Chem.  Ixi. 
498 ;  Heints,  Pogg.  Ann.  xdi  458). — Formed  by  the  action  of  chloride  of  benzoyl  on 
■lk^in<»  fty^lnfjMi  or  beuzoatcs :  also  of  ozychloride  or  perchloride  of  phosphorus,  or 
chloride  of  sulphur  on  alkaline  benzoates,  the  first  stage  of  the  reaction  being  the 
formation  of  chloride  of  benzoyl :  also  by  the  dry  distillation  of  acetobenzoic  and  similar 
anhydrides: 


C^»KO«  + 

C^»0C1  -    C"H'«0«  + 

Ka 

C«0*K«      + 

2C^»0C1  -     C'*H'»0«  + 

2KC1  +  CO  +  C0«. 

2CH»K0»  + 

pa»         -    C"H»»0«  + 

2KC1  +  P0C1» 

8C'H*K0«  + 

8SC1"       -  4C»«fl  n>«  + 

6Ka  +  SO*K«  +  &. 

Equal  parts  of  dry  benzoate  of  sodium  and  chloride  of  benzoyl  are  heated  to  130^  C.  on 
a  sand-bath,  whereby  a  dear  liquid  is  produced,  from  which  chloride  of  sodium  separates 
out:  the  cooled  maM  is  washed  with  cold  water  containing  sodic  carbonate,  and  crys- 
tallised from  ether  or  warm  alcohoL  The  previous  preparation  of  chloride  of  benzoyl 
is  avoided  by  employing  perchloride  or  oxjrchloride  of  phosphorus  (6  pts.-  o^cfaJoride 
to  1  pt.  benzoate).  Oxalate  of  potasdum  is  heated  with  an  equal  weight  of  chloride 
of  benzoyl,  with  constant  agitation,  till  the  smdl  of  chloride  of  benzoyl  has  disappeared ; 
and  the  cooled  mass  is  suspended  in  cold  water,  washed  with  water  containing  ammonia, 
and  oystallised  frt>m  alcohol  (Ger  hardt).  In  preparing  large  quantities,  it  is  better  to 
purify  the  product  by  distillation  than  by  crystallisation  from  alcohoL 

Benzoic  anhydride  forms  oblique  rhombic  prisms,  sometimes  smelling  of  bitte^almond 
oil  or  benzoic  ether:  it  melts  at  42^  C,  and  distils  undecomposed  at  about  310^.  It 
is  insoluble  in  cold  water,  soluble  in  alcohol  and  ether:  the  solution  when  fresh  has  no 
add  reaction.  It  mdts  in  boilins  water,  and  remains  fluid  for  a  long  time,  even  when 
agitated,  and  is  slowly  oonverteid  into  benzoic  add,  which  dissolves.  Caustic  alkalis 
convert  it  much  more  rapidly  into  benzoic  add.  Aqueous  ammonia  does  not  attack  it 
in  the  odd,  but  dissolves  it  on  heating,  forming  benzamide  and  benzoate  of  ammo* 
nium :  the  same  reaction  takes  place  when  it  is  heated  in  dry  ammonia : 

C»«H'*0»  +  2NH»  -  CrsnSO  +  C^»(NH*)0». 

Aniline  acts  similariy,  forming  phenylbenzamide.    (Gerhardt.) 

One  atom  of  bensoyl  in  bex^ic  anhydride  is  capable  of  being  replaced  bjr  other  add 
radides,  ibnniDg  a  series  of  anhydrides  containing  benzoyL    'Diej  ore  obtained  by  the 
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BENZOIC  ANHYDRIDE— BENZOICIN. 

dilMicte  of  btnioyl  od  the  ilkaliDe  bbJIs  of  alher  motialttKc  id^ 

'  tRStiDg  alkaline  betuoates  «itli  the  dilorides  of  mODabasie  Kid : 

genenllr  decompomd  bj  heat  ioto  tiro  aimple  Btibydridca:  t^n 

Qy  by  a&alis,  into  two  acidi. 

amo  AnHTDBioa.    6eo  Acetio  Amhidbidb. 

KOMUo  AnsTSBnin.    Ci'Hi'O'-CH'O.C'H'O.O  (Chioii*,  AnnC 

210). — Pcodnced  by  gently  heating  chloride  of  beniojl  with  u, 
It  Ii  *  limpid  oil,  heavier  than  water,  aomewhat  le«  fluid  than 
,  and  ^nitfl  neutral  to  teat--paper.  It  smella  like  angelic  aahjdridE,! 
rr  acnd  Tapoun  when  heated.  In  a  mixtore  of  ice  and  aalt,  it 
rithoDt  e>7BtalliuDg. 

KMAiao  AjramBiDS.  Senroati  of  CinnamvL  C"H"0"  =  C'H'O.I 
It,  iee,  «i(.)^Obtained  by  heating  7  pla.  chloride  of  benzoyl  with  10 

of  Bodinm,  and  porifying  the  prodoct  a«  in  the  caae  ofbeoEoie  anhydn 

colo[lrle«9  and  odonrlees,  which  nadually  becomeg  add  when  eipoHd 
iflc  ETaTity  1-1B4  at  23°  C.  ledecompOBed  by  diatillatioD,  yielding 
ig  of  einnamot,  which  gradually  depoaiCa  ci^rtals  of  beimme  anhjdj 
batanee  aolabla  in  aodic  carbonate. 

jMnno  AirannBiiii.  BetuoaU  of  Cumt/I.  C"H"0*  —  CTH'O.C 
It,  ioe.  ciU) — Obtained  like  the  preceding,  cnininato  being  aulHlir 

of  potanium.     Besemblea  the  preceding  in  appearance  and  behg 

SpeciBegnTity  l-lieat23°C.    Is  decompoaed  by  diatillation :  wLf 
1  TBBiel,  it  appeara  to  volatilise  without  decompoaition.     Aqneons  i 
.  into  CEuninanude,  and  benxoznide,  or  benxoate  of  udjuioiudil 
msnc  AmnwiD*.   Bnuoate  of  Myrittyl    CP^H^HV  —  CH'O.C 

and  Ualerba,  18£S).— Obtained  by  heating  chloride  of  benzoyl  i 
-^irrJTiTn     Cryatallisea  &om  boiling  ether,  in  which  it  ia  alightly  v 
moa:  melti  at  3S°,  and  aolidifiea  at  3S°  C. 
SUTTETUO  AnBTDBiDi.  Bentoote  of  (Enantkyl.  C''H"0'— CTH"0(; 

and  Malerba,  Ann.  Ch.  Pharm.  icL  102).— Obtained  hj  the  ■ 
bcnmyl  on  tenanthjUte  of  potaaaium.   Coloniiem  oil.  of  ipedfic  grav 

tmella  like  onanthylic  anhydride :  exposed  to  the  aif,  it  jieldi  cr 

iLUOOFKi AnmiBniB.  Btiuoate lifPdargtmvL  C"H'K)'-.C'H*C 

Ann.  Ch.  Phyi,  [3]  mil.  310).— Prepiuvd  like  the  fbregoii^cot 
J,  reaemUin^  pelargonto  anhydride.  A  little  bakiw  (fi  C.  it  eolidifi 
'ctf  battn:  u  decomposed  by  heat  intobenioie  and  peUrgonicanl 
UBia  Akhtiibidi.  BenxoaU  of  Bltaryl.  CH"0"  c  CH*0,C 
and  Malerba,  iw.  «"(.>— Prepared  by  heating  chloride  of  beniojl  and 

an  oil-bath.    Shining  icalee,  which  melt  at  70°  C. 

umio   AxBTDBiDi.    Bauoaii   of    Valeryl.   C"H>*0'  -  CVO.l 

Aini.  Ch.  Fhaim.  IxxxiT.  lOS).— Chloride  of  baniojl  acta  Tiolently 
aadom:  the  fmidnot  ia  a  heavy,  nentnl,  atrongly  re&ttcting  oil,  . 

anhydride.    At  aboat  2S0°  C.  it  U  decompoied  into  benniie  am 

Suimttttioii-prcdtmit  of  Bttuok  JnJkgdrvU. 
iTBOBiitioio  Ahhtdbidk  BouoaU  ef  mrobmnt^  CH 
•(SO')O.O.— 3  pti  ehloride  of  benzoyl  ate  heated  with  7  pl«.  dj 
'  aodinm.  and  the  product  i>  ntrifled  aa  in  the  eaae  of  benzoic  an 
:  more  etable  than  the  foUowug  compound.  (Qerhardt,  loc.  nil. 
Bvcoio  Akhtdbidb.  HitrobenioaU  of  HitrohetuogL  CH* 
'  ]'■  V  ~^  ^^'  '"*"**■"<»*«  rf  sodiom  ai«  heated  to  IiO°  C.  wi 
1  of  phosphonu,  till  the  amell  of  chloride  of  nitrobanioyl  has  dLwi 
;  the  product  with  cold  water,  a  white  mam  ig  obtained,  aimoet  inn' 
elher,  lesa  fhsible  than  nilrobeiiioic  acid,  into  which  it  i«  onirli 
raahing  with  water.     {Gerhard!,  toe.  «(.)  f, 

XOMTSBBS.    See  p.  562. 

xonr.  (Berthelot,  Ann.  Ch.  Pbye.  [3]  xli  S90.>— The  name  c 
)  the  artifldal  fate  ohuinpd  by  the  action  of  benioic  add  on  e 
ing  »  tnatomie  alcohol.  CH'.H'.O-.  contninj  3  at  H  rcplacrahl,.  I 
d  Barthelot  has  succeeded  in  obtaining  the  compound,!  in  whicii  1  > 
am  replaced  by  beniayL 
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Monobensoiein,  Benroaie  of  Glycyl  C»*H'W  «  0«H».C'H»O.H».0«.  —  Ob- 
iined  by  heating  benfoic  acid  with  glycerin  in  a  sealed  tube^  for  forty-four  hours,  to 
20^^\6(P  C.  if  the  add  be  in  excess,  to  200^  C.  if  the  ^ycerin  be  in  excess ;  at  a 
ighor  temperature  a  shorter  time  suffices.  The  product  is  purified  by  washing  with 
classic  carbonate.  It  is  a  colourless,  neutral,  very  viscid  oil,  with  a  bitter  aromatic 
iste,  and  a  slight  balsamic  smell;  specific  gravity  1*228  at  16^*6  C.  At  40°  it  is  a 
ransparent  nearly  solid  mass,  that  can  be  drawn  out  into  threads ;  it  boils  at  320°,  but 
^oom  poses  at  the  same  time,  yielding  acrolein  and  benxoic  acid.  It  is  insoluble  in 
rater,  scarcely  soluble  in  bisulphide  of  carbon,  readily  in  alcohol,  ether  and  benzene, 
t  oxidises  veiy  slightly  in  the  air.  Heated  with  potash  it  forms  potassic  benzoate ; 
rith  ammonia,  bensamide.  Alcohol  and  hydrochloric  add  convert  it  in  the  cold  into 
lycerin  and  benzoate  of  ethyl ;  the  same  deoompodtion  is  effected  when  its  alcoholic 
olution  is  heated  to  100°  C.  for  forty-eight  hourb. 

Tribtnzoicin,  TribenzoaU  of  (Hyeyl  CmH»0«  -  C^».(C^»0)».0».  —  Ob- 
ained  by  heating  monobenzoidn  for  four  hours  to  260°  C,  with  10  or  16  pts.  benzoie 
cid ;  the  product  is  washed  with  sodic  carbonate,  and  repeatedly  czystulised  from 
ther.  lAive  white  needles,  unctuous  to  the  touch,  aiM  Aising  pretty  readily. 
Ucohd  and  hjrdroehloric  acid  decompose  it  like  monobenzoidn.  F.  T.  C. 

BSVXOZV.  Bitter-almond'Oil-eamphor.  Q}*WK>\  (Liebig  and  Wohler, 
Inn.  Ch.  Pharm.  iii  276;  Robiquet  and  Boutron-Charlard,  Ann.  Ch.  Fhys. 
2]xliv.  362;  Laurent,  iW.  lix.  402;  IxvL  193;  Zinin,  Ann.  Ch.  Pharm.  xxxiv.  186.  j 
-First  described  by  Stange,  1823  ^Bepert  Pharm.  xiv.  329) ;  first  correctly  examined 
>y  liebig  and  W5hler  in  1832.  It  is  frequently  contained  in  crude  bitter-almond  oil, 
jid  is  obtained  as  a  by-product  when  the  oil  is  purified  by  lime  and  forrous  chloride ; 
he  residue  is  treated  with  dilute  hydrochloric  add,  and  dissolved  in  alcohoL  Pure 
»itter-almond  oil  (hydride  of  benzoyl)  is  converted  into  benzoin  by  cyanide  of  potas- 
ium.  To  prepare  benioin  from  crude  bitter-almond  oil,  the  oil  is  mixed  with  its  own 
olume  td  a  saturated  alcoholic  solution  of  potash ;  after  a  few  minutes,  the  whole 
ijlidifies  to  a  mass  of  crynstals,  which  are  purified  by  recrystallisation  from  alcohol. 
Is  the  amount  of  bensoin  in  different  specimens  of  the  crude  oil  varies  condderably, 
ecording  to  their  age  and  to  the  amount  of  prusdc  add  which  they  contain,  it  is  always 
dvtsable  to  test  a  small  portion  first  with  alcoholic  potash ;  if  it  does  not  speedily 
olidify,  the  crude  oil  had  better  be  first  freed  from  nrusdc  add,  and  then  treated  by 
he  ensuing  method.  Pore  oil  of  bitter-almonds  is  reaaily  converted  into  benzoin  by  the 
dditionof  a  dilute  alcoholic  solution  of  cyanide  of  potasnum,  or  of  alcoholic  potash  to 
rhieh  a  few  drops  of  hydrocyanic  add  have  been  added:  this  reaction  is  difficult  to 
4!count  for. 

Benzoin  is  isomeric  with  benzoate  of  benzyl,  and  polymeric  with  hydride  of  ben- 
o  jL  It  forms  shining,  transparent,  colourless  prisms,  without  smell  or  taste ;  melts  at 
20°  C  and  crystallises  on  cooling ;  if  further  heated,  it  distils  undeoomposed.  It  is 
n.soluble  in  cold,  slightly  soluble  in  hot  water,  whence  it  crystallises  on  cooling ;  more 
oluble  in  hot  than  in  cold  aloohoL  It  bums  readily  in  the  air,  with  a  bright  smoky 
lame.  Its  vapour  passed  through  a  red-hot  tube  is  reconverted  into  hydride  of  ben- 
oyL  When  heatea  in  chlorine^  it  yields  benzil  and  hydrochloric  add.  Bromine  at- 
acks  it,  evolvinff  hydrobromie  add,  and  forming  (probably)  benziL  Strong  nitrie 
ycid  converts  it  into  benzfl.  Suifhwric  add  dissolves  it,  forming  a  violet  solution, 
rhieh  bladkens  when  heated.  Boiling  potash  does  not  attack  it ;  ftased  with  solid 
otash,  it  evolves  hydrogen  and  yields  benzoic  add:  C'^HiK)'  -f  2EH0  »  2(rH*E0' 
I-  H* ;  boiled  with  alcoholic  potash,  it  is  coloured  violet,  and  yields  benzilie  add,  with 
volution  of  hydrogen:  O^^W^  -k-  KHO  -  C>«H"KO*  +  H*.  With  ammonia,  it 
ields,  among  other  products,  benzoinam  and  benzoinamide.  Perchloride  of  phoi' 
>horus  attacks  it  violently,  yielding  chloride  of  phoephoryl,  and  other  products  diffi- 
ult  to  obtain  pure.    (Cahours.) 

Benzoin  combines  with  chlorides  of  add  radides,  yielding  compounds  representing 
•^nzoin  in  which  1  H  is  replaced  by  an  add  radide.  Zinin  (Ami.  Ch.  Pharm.  dv. 
1 6)  has  obtained  the  following :  —       

Acetyl-henxoin,  C"H"0»-C"ff»(C«HH))0*.— 4  pts.  of  benzoin  dissolve  in  3  jjts. 
hloride  of  acetyl  at  40°— 60°  C,  with  evolution  of  hydixxshloric  add ;  when  the  solution 
s  complete,  the  whole  is  heated  to  100°  as  long  as  vapours  are  evolved :  on  cooling,  the 
»roduct  slowly  solidifies  into  crystals,  which  are  recrystallised  from  alcohol  or  ether, 
t  crystallises  from  the  ethereal  solution  in  large  rhombic  prisms  and  six-dded  tables ; 
rom  the  alcoholic  solution  in  thin  shining  crystals.  It  is  insoluble  in  water,  melts 
>eIow  100°,  and  does  not  always  crystallise  on  coolinff.  Sulphuric  or  hydrochloric 
cid«  or  aqueous  potash  does  not  act  upon  it ;  with  alcoholic  potash  it  yidds  acetate 
iod  benzoate  of  potaadum.  Strone  mtric  add  converts  it  into  a  mixture  of  two  nitro- 
troductfl  in  the  rorm  of  a  visdd  colourless  mass,  insoluble  in  water,  soluble  in  alcohol 
nd  ether ;  the  solution  depodts  crystals. 
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BENZOIN  AM —BENZOIN-GUM. 

toyUtntoi*.  (?'H'0'-C»H"(CHK))0'.-CHondecrfhai«nldDwi 
moin  in  the  cold,  but  at  &boQt  70°  C.  the  benzoin  diwolres  md  bjomdiloc 
ad ;  tbe  whole  ii  then  heated  to  neari;  the  boiling  point  at  chlotid*  irf  I 


I^)i  when  a  y^Uowiah  oilj  liqnid  in  obtiiined.  whif^h  jwlidlflea  into  etjil 

""  'a  product  ii  purified  hy  beii  '     '  '    ''     '■  '  •      -■»-'-- 

benxojl-beuoin  leparatce  a         ,  ,  , 

itb  mid  alcolioL  It  ii  inaoluble  in  water,  ipaiingl  j  loluble  in  oold  klcohol,  i 


Thi«  product  ii  purified  hy  being  poured  while  liquid  into  oold  78  pe 
whm  benxojl-beuoin  leparatee  aa  b  crystalline  powder,  which  ia  vaane 


•oluble  in  ether,  and  cryatalliiea  by  RxintaDecu  eraporadan  in  lar^  ■ 
B  prianu ;  lolable  in  chloride  of  benioyl,  and  may  be  heated  with  it  to  1 
'.  lutaration.  Helta  at  12S°  C^  and  d^Aallises  very  alowlj  on  oooling.  CI 
'  "  '  ''  leither  does  hjdrachlorie  or  dilute  mlpfanric  acid ;  ■trons  ~' 
Aqoeoua  polaah  doe*  not  attack  it ;  alcoholic  potaah  d 


t  attack  it,  neither  does  hjdrochlorie  or  dilute  mlpfanric  acid ;  ■trons  anl 
Eompoae*  it.  Aqoeoua  polaah  doe*  not  attack  it ;  alcoholic  potaah  £ato 
▼iolet  colour,  and,  on  boiling,  couTerte   it  into  benioate  and  beuil 

obtmos/Uenioin.  C"Hi'NO'  -  C  "Hi '(C'S'(N0')0)O'.— Strong  niti 
:  graTitj  I'SI)  dinolves  benK^l-beaioiii.  which,  if  too  little  add  be  em] 
iaca  out  again  unaHcred ;  but  a  at  teaat  I  j  pN  acid  be  taken,  and  tbe  jri 
L  poured  into  cold  water,  a  reainoui  aubatance  spparatea.  which  ia  a  murt 
ra-prodaCt«L  Ether  diaaolves  one  of  these,  and  abandons  it  on  evapotatii 
II ;  the  other,  which  ia  nitrobenxoTl-benioin,  remains  ondiasolTwl  aa  a  c 
rder,  which'  ia  radyitalliaed  from  boiling  alcohoL  Whitr  ahiuing  acsles 
f  rhombic  tables,  aggregated  Into  scalariform  groups,  inaotuble  in  watir. 
C,  and  aolidiflea  at  110°  to  an  smorphona  mans,  which  Ter;  alowly  b 
tne.  Strung  nitric  add  diasolres  it  unaltered  and  in  lar^  gnanlitiee,  ^ 
J  heated ;  on  boiling  the  solution  a  new  body  ia  fiirmed,  Hduble  in 
eparatea  aa  a  powder  on  cooling.  F.  1 

ntOXWA«.    C»H"N»0.    (Lanrent,Compt.  ChiBi.[lM5]S7).— Fon 

2C"H"'0'  +  2NH'  -  C"H'TIK)  +  3HK). 

id,  together  with  benioinamide  and  other  products,  when  a  nuxture  of  al 
ia  and  benioin  ia  left  for  some  months  in  a  closed  vesaeL  Fomu  whi 
ic  inodoioua  needles,  insolnbla  in  water;  alightly  soluble  in  hot  ether  o 
ence  it  cTTftalliscs  on  cooling  in  veiy  bolkj  ueedJea,  Madiljr  Mlnble 
containing  hydrochloric  add,  whence  it  i*  paitiall;  predpitated  by 
by  ammonia.  Melta  whpn  healed,  and  partly  solidifin  on  eooling. 
it  aUack  it :  strong  nUphnric  add  diaaolTOi  it  with  nd  eolonr,  aad  vat 
a  orange  flakes.  F.l 

C"H-N'.     (Laurent  [1837],  Ann.  Ch.  Hiya.  [J 
ion  of  aqneoua  anuaonU  on  bemtoin : 
8C»H"0'  +  (NH*  .  C"H-N'  +  6HK). 


iaed  from  boiling  ether.  A  while,  tasteleea,  odourlen  powder,  eonaiMijig 
opie  needles ;  insoluble  in  water,  vary  apsringly  aoluble  in  akoliol  or 
'hen  heated,  and  aolidiflea  to  a  flbroos  mass  ;  distils  without  deoompoBlii 

nOIV-OIXBCi  The  commerdal  name  of  a  reaia  which  flowifMu  tiie  1 
htnMoin,  a  tree  nowing  in  Sumatra.  Borneo,  Jbt>,  and  8iam.  It  oomi 
4et  in  dilltient  form*.  The  Siamese  gum  oocnra  in  irregular  flat  fing 
n  inch  long,  whtd)  are  reddiah-ydlow  on  the  ontaide.  whit*  sod  shniog 
The  eommon  or  Calcntta.gnm  fcrma  Umr  inrgolar  lumtM,  bridle^  vf  i 
-gnj  or  brown  colour,  with  many  light  odanred  spots,  and  (Jten  contain 
•t  wood  and  bark.  Tile  Siamese  almond'.gBm  appeata  to  be  a  mixtim  « 
inda.  The  commerdal  gum  has  a  plcaMuit  smell,  e^wicially  whan  heatei 
tsh,  sharp,  balsamic  taste.  It  tnelti  when  heated,  erolTca  rtfoan  of  I 
id  boms  with  a  smokjr  flame.  Spedflc  gmritj  1-043— 1-092.  Alrelii 
t  completely,  excepting  impurities ;  ether  partially  ;  boiling  water  dJMol^ 

fdine  to  UuTerdorben  (Pom;.  Ann.  tiii.  S97),  Btolie  (B«L  Jahrb.  ] 
I),  Van  derVliet  (Ann.  Ch.  Pharm.  xxiir.  1771.  and  E.  Hopp  (( 
z.  1309).  gum-be Dioin  is  amiiture  of  three  rmins,  which  may  be  dinting 
andT,  t<^ether  with  benioic  acid,  snd  a  smaJlquimtrPf  of  a  roletile  niL 
r  the  benzoic  add  cannot  be  driven  ofl'by  heat.  According  to  K  o  1  he  nnd  I 
Ann.Ch.  Pharm.  civ.n3].s<nneTiirii'ti««orgiim.benioin,  espodally  Ilir ■ 
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gnn  cf  Sumatra,  eontiin  not  benzoic  acid,  bat  an  acid  iaomeric  with  tolujlie  aeid, 
CHH)',  which  melto  to  a  clear  liquid  under  hot  water,  crystalliaes  in  forms  quit« 
different  from  that  of  benzoic  add,  and  yields  hydride  of  benioyl  when  treated  with 
oxidising  agents. 

Unv«fdorbeQ  separates  the  resins  in  the  following  manner : — ^The  powdered  ^nm  is 
extracted  with  bouing  sodic  carbonate,  which  dissolves  out  all  the  benzoic  acid  and 
the  resin  7 ;  the  alkaune  solution  is  precipitated  by  hydrochloric  add,  and  the  preci- 
pitate treated  with  boiling  water,  which  dissolves  the  add  only,  leaving  the  resin  7 
insoluble.  The  portion  insoluble  in  sodic  carbonate  is  washed,  dned,  and  digested  with 
ether,  which  dissolves  the  resin  a,  and  leaves  the  resin  $  undissolved.  According  to 
Kopp,  the  ethereal  solution  of  a  gradually  deposits  a  small  quantity  of  a  fourth  reein,  9, 
of  a  reddiah-brown  colour.  Analyses  of  two  specimens  of  gum  gave  the  following 
results  (Kopp): 

I.  II. 

Benzoic  add 14*0  14*5 

Resin  a 62*0  48  0 

Reein  fi 25*0  28*0 

Re8in7 3*0  3*5 

Resin  8 0*8  0*5 

Impurities 5*2  6'6 

Kopp  fbrther  states  that  the  white  spots  in  the  gum  are  composed  only  of  resin  a,  and 
contain  8 — 12  per  oent  benzoic  add;  while  the  brown  portions  consist  at  resins  $ 
mad  7,  and  contain  as  much  as  15  per  cent  add  ^18  per  cent  according  to  Unverdorben). 

The  reein  a  is  readilv  soluble  in  ether  and  alcohol,  insoluble  in  naphtha;  soluble  in 
potash,  and  not  reprecipitated  by  excess ;  insoluble  in  ammonia.  Salts  of  the  earthy 
or  heavy  metals  give,  in  its  alkaune  solution,  predpitates  which  are  insoluble  in  ether. 
According  to  Van  der  Yliet  it  is  a  mixture  of  resins  /3  and  7,  for  it  is  decomposed  into 
these  two  resins  by  prolonged  ebullition  with  sodic  carbonate.  Resin  3  is  a  brownish 
mass,  soluble  in  alcohol,  insoluble  in  ether  and  volatile  oils;  soluble  in  potash,  and  re- 
predpitated  by  excess ;  insoluble  in  ammonia.  Resin  7  is  dark-brown,  soluble  in 
alcohol,  slightly  in  ether  and  volatile  oils,  insoluble  in  naphtha.  Potasnc  carbonate 
■lowl^  dissolves  it,  and  the  solution  is  predpitated  by  sal-ammoniac  Its  alcoholic 
solution  predpitates  acetate  of  lead,  but  not  acetat«  of  copper.  Resins  a  and  /9,  when 
predpit^ed  by  acids  from  their  alkaline  solutions,  are  converted  into  7  by  exposnre  to 
the  air. 

The  following  are  the  results  of  the  analysis  of  these  resins,  and  the  (unreliable)  for- 
mula^ which  Van  der  Vliet  has  deduced  therefirom : 

V.  d.  V.  Mulder. 

Ranna          Carbon  72*9  71*8  73*1  rmjxnni    ikj.«« 

Hydrogen  72  71  7*3  ^  ^^  "^"^^ 

Resin  3          Carbon  7M  710  717  pwmirvi 

Hydrogen  6*2  6*3  6*9  ^  ^  " 

Resin  7          Carbon  73*2  73*2  73*2  ruTTiinsi 

Hydrogen  8*6  8*4  8*6  ^  o.  kj 

By  the  dry  distillation  of  the  resins  of  ffum-benzoin,  completely  freed  from  benzoic 
add,  Kopp  obtained  a  solid  substance,  which  he  regards  as  the  odorous  prindple  of 
the  gum,  and  a  rose-red  distillate,  which  graduallv  becomes  darker,  and  contains  crys- 
tals of  benzoic  add ;  the  fluid  portion  appears  to  be  hydrate  of  phenyl.  By  the  same 
process,  Cahonrs  obtained  an  oil,  which  Deville  (Ann.  Ch.  Phys.  [3]  iiL  192)  regards 
as  benzoate  of  ethyL  When  they  are  distilled  to  dryness,  -with,  excess  of  nitric  add, 
nitrous  fumes  are  abundantlv  evolved,  and  a  distillate  is  obtained,  containing  hvdride 
of  benzovl,  benzoic  add,  and  hydrocyanic  add ;  boiling  water  extracts  picric  add  from 
tlie  residue,  and  leaves  a  yellow  powder,  benzoereiic  acid  (q.  v.)  Sulphuric  add  dis- 
solves the  resins  to  a  common  solution,  whence  the  addition  of  water  separates  them 
almost  completely  as  a  violet  precipitate ;  the  acid  liquid  decanted  and  neutralised 
with  lime  yields  a  soluble  caldum-salt  P*  ^*  C* 

BBVZO^LAOTZO  AOZB.  Benzomilchaaure,  C»»H"0«  «  C»H*O.C'H»O.H.O« 
(Socoloff  and  Strecker,  Ann.  Ch.  Pharm.  Ixxx.  46.  Strecker  iMd.  xcl  359).— 
This  add  is  analogous  to  benzoglycollic  add,  representing  lactic  acid  in  which  1  at  of 
of  basic  hydrogen  is  replaced  by  benzoyl,  just  as  benzoglycollic  add  represent* 
glycollic  acid  in  which  1  at  of  basic  hydrogen  is  similarly  replaced. 

It  is  prepared  by  heating  10  pts.  of  syrupy  lactic  acid  with  14  pts.  of  benzoic  acic 
in  an  oil-bath  to  150°  C,  finally  raising  the  temperature  t»  200°,  and  keeping  it  there 
for  some  hours.    Water  distils  over,  and  some  benzoic  acid  sublimes.    The  residue  in 
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BENZOLACTIC  ACID  -  BENZOifE. 

•  eTjteBJliDe  man  of  benzoic  toA  liFDcolsctie 
ituntion  with  sodif  corbon&te,  whii^h  taktt  d 
[1  first ;  tii»  Bolutioa  is  filt«r«l  &oni  the  beoiuiir  add.  uxl  freed 
Bmail  quantity  of  benioio  acid  which  it  rontainB  by  agitatioti  with  ether ;  ( 
ition  of  hjdrochlaric  acid,  beniolactic  acid  Hpantea  in  cryilala,  which  an  pi 
'ecryataliiiution  from  boiling  water,  or  from  ether-alcohoL 
;  fonoB  colonrleBB  tabular  or  Bpear-ahaped  crystals,  UQCtnoni  to  the  tonrb  ;  Di< 
'  C,  and  aoliiiifiea  Tcry  alowly  on  coolin);  to  a  cryslaUiDe  maaa;  sablimea 

raed  when  heated  considerably  above  120°.  It  ^ssolTee  in  t(H>  pts.  oolil.  ■ 
leaa  boilinj;  water:  when  boiled  with  not  enough  watjT  to  dwailTi'  ii 
<H  of  acid  meltn  and  the  solation  becomea  inilkT  m  •:ix>ling,  and  clarifin 
'ly.  with  separation  of  crystala.  It  disiiDlves  readily  in  alrahol  or  ether,  the 
oring  it  entirely  f-om  ita  aqueous  solution  ;  after  drying  in  the  air.  it  di>ea  ni 
water  when  heated  to  melting.  By  prolonged  boiling  in  water,  it  i>  di-rom 
I  benzoic  and  lactic  acids:  the  decomposition  is  accelerated  by  the  sdditioj 

he  bt^rnlaclol'e  are  mostly  ayslalline,  soluble  in  water,  and  clos"ly  n»"niV'l 

:g  precipiC&tad  by  normal  acetate  of  lead.  The  bariuni-iatt,  C**B"Ba"0*  + 
lallisea  in  thin,  abining,  sii-gided  lamins,  which  lose  tlwir  water  at  100°  C. 
T-talt.  CH'AgO*.  is  a  flocculent  precipitate,  solnble  in  boiling  water,  whe! 
tallises  in  fine  needles.  The  >odtum-Kill  dTstallises  in  eolonrisM  nenlli^ 
...  J,  ., 

e  BiLNETUNBi 
Syn.  with  AiUBsn  (;.t>.) 

C"H"0»  (?)  (Rochleder,  Ann.  Ch.  Pbarm.  «Ii  W>.— Fi 
ther  with  bf-oEOBtilbin.  when  hydrobenzamide  is  heated  with  solid  potash. 
mre  mnrt  bp  heated  till  it  blackens ;  the  prodiir-t  is  powdered,  eitracted  with ' 
led  with  cold  hydraled  alrohoL  and  the  residue  distwlved  in  strong  anlphorii 

blood-red  solution  thus  fbrnied  become«  greenieh-yellow  on  addition  of 
nol.  and  deposits  small  ciystdls  of  benzolone :  on  addition  of  water,  it  eepani 
DncryBtaUine  stale.  It  is  insoluble  in  water  or  alcohid ;  melts  at  StS'^  C 
imes  almost  withoat  decomposition,  when  mora  stroDsly  hr-aled.     Strong 

disBolTes  it  with  a  reddish-yellow  coloor,  and  it  ii  reprecipilated  by  waEer ;  fi 
c  acid  dpcoEnposes  it,  forming  ■  yellowish  resin  with  evolution  of  nitrons  f 

not  attacked  liy  aqueous  potash.  Sochleder's  analyses  giie  a  mean  comnosii 
l-a,  H  6-2.  F.  T. 

■HXOXZXCinUJaBH.     See  BxnuKIdi. 
nnownu>T>0  AavreaiBB.    9es  BEHtota  AxtnmmiE. 
■WSevM.    Benzopkcjumf.     Phenvi-brmuyl.    C"H"0  =.  CTI'.CH'0(P#1 
.  Ch.  Phys.  [2]  iTi.  fiB.    Chancel,  Compt.  rend,  rriii.  83, ;  Ann.  Ch.  PI 
.  2a). — The  acetoneof  benzoic  acid;  it  is  formed  by  the  dry  distillation  of  bet 
alcium: 

C"H"Cb-0*  -  C"H"0   -   CO'Ca". 

benzoate  of  calcium  is  mixed  with  ^  of  its  weight  of  quick  lime,  and  distiH 
ron  mercury  bottle,  fitted  with  a  bent  gun-boireL     The  red  liquid  which  i 

(which  Piligot  called  benzoneX  contains,— besides  beni one, —benzene,  hjdr 
:oyl,  and  two  solid  hydrocarbons  isomeric  with  naphthdin.  Oa  distilling  it 
ilated  retort,  benzene  first  passes  orer ;  and  the  temperature  rues  rapidly 
ion  which  comes  over  at  315" — 336°  C.  is  collected  apart,  and  coiinistB  of  t 

benzone,  which  solidifies  on  cooling,  and  may  be  obtained  quite  par«  by  recr 
ion  &om  ether-alcohoL     1   kilogr,   benzoate  of  calcium  yields   aboot   260 

enzone  fbnns  colourless,  transparent  crystals,  often  of  considerabla  aize,  belo 
le  trimetric  system.  It  mtlta  at  46°  C.  to  a  thick  oU  which  dors  not  so 
SB  it  be  agitated ;  boils  at  316°  and  distils  undeoompoaed:  ita  vapour  ii  very  ir 
le,  and  bums  with  a  bright  flame.  It  has  a  pleasaut  smell,  somewhat  like  Ll 
oic  ether.  It  is  very  soluble  in  ether,  less  so  in  alcohol,  not  at  all  in  water  ;  ) 
C  or  sulphnric  acid  dissolves  it  abundantly,  and  water  repreripitaleo  it  unclu 
:n  heated  with  soda-lime  to  about  260°  C.  it  is  decomposed,  yielding  sodic  bei 
benzene,  but  not  a  trace  of  hydrogen : 

CH'-CHH)  +  NaHO  -  CH'.H  +  C'H'O.Na.O. 
i»itrobentoni.  IHntrobtncophtnont.  C>IH'K>0'-C*H-(NO<)*0.— WannI 
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nitric  add  eonrerts  bensone  mto  a  thick  oil,  which  solidiflM  very  slowly ;  (•ther  dis- 
PoUes  it  and  depoaita  it  speedily  in  the  form  of  a  yellowish  crystalline  powder,  which 
is  dinitrobenaone.    Bedacing  agents  convert  it  into  diphenyl-carbamide  (flayine): 

C"H»N«0»  +  6H«S  -  C»*H'«N«0  +  4HK)  +  &. 

flaviiM. 

Of  the  two  hydroearboas,  isomeric  with  naphthalin,  mentioned  above,  one  cry- 
atallises  in  large  needles,  fiisible  at  92^  C,  the  other,  much  less  soluble  in  alcohol 
•ind  ether,  forms  small  nodules  fusible  at  65^.  The  former  is  readily  obtained  by 
dissolving  in  tftron^  sulphuric  acid  the  liquid  obtained  by  the  djy  distillation  of 
calcic  benzoate ;  it  immediately  solidifies  on  the  surface,  and  is  removed,  washed,  dried 
by  filter  paper,  and  crystallised  from  hot  alcohol  The  latter  is  best  prepared  by  the  dry 
distillation  of  potassic  benzoate  with  potash-lime :  it  then  passes  over  alone,  in  solution 
in  benzol,  which  is  distilled  off  in  a  water-bath,  and  the  residue  crystallised  from 
aleohoL  It  is  also  formed  together  with  benzol,  when  ammonic  benzoate  is  passed 
OT«sr  heated  bazyta.  F.  T.  C. 


Cyanide  of  Phenyl.  C*H»N-C*B»CN  (Fekling  (1844). 
Ann.  Ch.  Phamu  xlix.  91.  Limpricht  and  v.  Uslar,  ibid.  Ixxxviii  138). — Ben- 
Bonitrile  is  obtained  by  various  methods : — 1.  By  the  dir^  distillation  of  benzoate  of 
ammonium,  or  bv  heating  beosaraide,  either  alone  or  with  caustic  lime,  or  baryta, 
pbosphorie  anhy&de,  or  perchloride  of  phoephoras :  the  reaction  in  all  these  cases 
consists  IB  the  abetxmction  of  the  elements  of  water : 

(rH»O.NH*.0  -  2HH)  -  C'H»N. 

Bens.  amm. 

N.C'H»O.H*  -    RH>  -  CH'N. 

BeuAtnide. 

2.  By  heatiBg  hipporie  arid,  either  alone  (Limpricht),  or  with  chloride  of  zinc 
(Oosamannl  2.  oj  the  action  of  chloride  of  benzoyl  or  benzoic  anhydride  on  benza- 
mide,  or  by  oeating  benzamide  witJi  potassium  (see  BaiizaMiDB).  4.  By  the  action  of 
chloride  of  banzoyl  on  ozamide  (Chiozza) : 

(7HH).a  +  N«.(?0».H*  -  C»H»N  +  CNH  +  HQ  +C0*  +  HK). 

or  on  sulphocyanate  or  cyanate  of  potassium  (Schi£(  Ann.  Gh.  Fharm.  xciz.  117* 
cl93): 

2CmH).C[  +  2CNSK  «  2C'H»N  +  2KCI  +  C0«  +  C&. 

$,  By  heating  benaoie  anhydride  with  cyanate  or  sulphocyanate  of  potassium  (Schif  f) : 

C««H»*0«  +  2CN0K  -  2C'H^  +  CO»K«  +  C0«. 

6.  By  the  action  of  mercuric  oxide  on  thiobenzamide  {q,  v,  under  BmiaMira). 

Prtparation. — 1.  When  dry  benzoate  of  ammonium  is  heated  in  a  retort^  ammonia 
escapes,  benzoic  acid  sublimes,  and  water  passes  over  with  a  few  oily  drops  of  benzo- 
nitnle ;  as  most  of  the  benaonitrile  remains  in  the  fhsed  residue  in  the  retort,  this  is 
covered  with  water  (to  which  a  little  ammonia  is  added),  again  distilled  to  dryness, 
and  the  operation  repeated  as  long  as  any  oil  pu*M  over  with  the  water:  12  oz. 
beuBoic  aad  yield  in  6  days,  6  oz.  impure  benzomtrile.  This  product  is  washed  with 
dilute  hydrochloric  add,  then  with  water,  dried  over  chloride  of  calcium,  and  recti- 
fied (Fehling).  According  to  Laurent  and  Chancel  (Compt  chim.  1849,  117), 
benzonitrile  is  more  easily  prepared  by  passing  the  vapour  ot  ammonic  benzoate  over 
heated  baryta. — 2.  One  pt  dzy  hippunc  add  is  mixed  in  a  warm  mortar  with  an  equal 
bulk  of  (|uart2-sand  and  2  pts.  chloride  of  zinc  dried  as  completely  as  possible,  and  the 
mixture  IS  heated  in  a  dry  retort  to  300^ — 350°C.:  benzontrile  then  dist^  over,  carbonic 
anhydride  escapes,  and  a  little  carbon  is  deposited ;  100  crms.  hippuric  acid  (the  utmost 
precautions  being  taken  to  exdude  moisture)  yidded  88 — 40  grms.  benzonitrile; 
calculation  requires  57  grm.  (Gossmann,  Ann.  Ch.  Pharm.  c  72). — 3.  According  to 
Buckton  and  Hofmann,  benzonitrile  is  best  prepared  by  distilling  benzamide  with 
phosphoric  anhydride. 

Benzonitrile  is  a  dear,  colourless,  strongly  refracting  oil,  smelling  like  bitter^almond 
oil,  and  having  a  burning  taste;  spedfic  gravity  1*0230  at  0°,  10084  at  16'8<>0. 
Kopp).  At  higher  temperatures  it  is  lees  dense  than  water,  fbr  it  sinks  in  cold  water, 
but  rises  to  the  surface  when  heated.  It  boils  at  190*6^  C.  with  the  barometer 
at  733*4  mm.  (Kopp),  and  distils  undecomposed :  its  vapour  density  is  3*7  (ezpt) ; 
its  coeffident  of  refraction  is  1*603  (Beusch).  It  mssolves  in  100  pts.  boiling 
water,  and  separates  out  again  on  cooling;  it  mixes  with  aloohd  and  othw  in  aU 
proportiona.  Sulphur  dissohrss  in  it  with  the  aid  of  heat»  and  crystaUiaea  cut  un 
cooling. 
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iNZONITEILE  —  BENZOSALICYLAMIC  ACID. 

lie  bursB  with  a  bright  mnoky  flame.  Cold  agueoiu  putiuh  iar 
it  on  boiling,  ammonia  ii  eTolT«d  and  potasKic  benzosts  fanned ;  ■  e 
>n  ia  effected  bydiluta  acids.  Strong  luJpkuru:  aeid  diasoltef  it.  > 
pbobenzoic  and  dimlphobenzolic  acidj,  and  add  tnilpbate  of  amini 
and  carbonic  anhydride  ii  evolved:  (Buektou  and  Uofmaon): 

+  6S0*H'  +  HK)  -  CH'SO'  +  CH'SKl*  +  2(NH'.H.80'.)  +  ( 

g  nitric  acid  it  forme  a  eubatitnti  on -product  (see  belov);  when  I 
um  in  a  sealed  tnbe,  it  asaumee  a  earmine  rolour,  and  at  240°  C.  v 
'  fine  nerdlea ;  vater  eilxacti  cyanide  of  pDl<is9ium  from  tiie  pr-idui 
yields  on  distillation,  a  green  oil  smelling  of  creosote,  in  vtiich  a 
;Bingl6y,  Chem.  Gat  lBfi4,  328).  With  lalpluiU  i>f  amaumiunt,  it 
it  (q.  V.  ondec  Bbnumisb). 

Sviititviion-pTodvett  of  BrmonitrHe. 
meonitrilc  0(  Cganidr  0/  Ch/oro^hrnyl,  CH'CIN,  has  not  been  ob 
n  of  chlorine  on  benzonitrile  ;  but  it  is  the  principal  product  vbes  ■ 
>T  BulphobenEamic  aoid  Ls  distilled  with  perchloride  of  pboaphoraa. 
mixed  with  potash,  and  rectified,  whenchlorolienzonitrile  paxset  ore 
our,  and  collects  in  the  receiver,  forming  cryitala  which  areobuined  u 
iams  byrecryBtallisalinnftom  alcohol  oretlier.  Itsmella  like  bitterns 
,ble  in  water,  but  readily  soluble  in  alcohol  or  ether;  melta  below  40 
36°  C..  valatilieeB  ahghlly  at  the  ordinary  temperature,  more  rapi 
t.  Prolonged  boiling  with  dilute  nitric  acid  converts  it  into  chlorot 
1  to  100°  with  ammonia  in  a  sealed  tube,  it  yielda  chlorobenzi 
t.) 

iconitritt  oc  Ci/anide  ef  Sitrojihn>/l.  C'H'N'0'-C*H*(NO')N.- 
a  while  solid  body  when  benzonitrila  is  hented  gently  with  fmning 
iter  added  to  the  solution  ;  it  iit  (olemhly  soluble  in  hot  water,  and 
ling  in  small  white  silky  ncedlca.  soluble  in  scids,  and  reprecipilal 
en  heated,  it  evolves  irritating  vapours,  and  Iciivee  a  residue  of  c 
I  with  acids  or  alkalis,  it  yields  ammonia  and  a  nitrobenzoate.  It  r;in 
the  dry  distillation  of  nilrobenzoate  of  ammouiomitierland).  F.  1 
See  BE.VE01C  Anhtpbidb. 
See  CunruwsB. 

See  Bmoic  Amnvuuia. 
See  Benzoic  AnsTDBmiL 
Syo.  with  Beneo*tb  or  Fiocstl.    See  Bisioia  Acm. 
Syn.  with  Benzonb  ((.  e.) 
,     See  P[pEBiDi.xB. 
nMPTXJprTXa    Syn.  with  BBmoATB  or  Au-tl.    See  Baxtoic  ^ 
lAXIOXX.     Syn.  with  Fofdlin  (g.  t>.) 

tAUton&ino  .&OZO.  Bmcotalk-vlomide.  C"H"NO*-II.H.C 
(Gerhacdt  and  Chioiia,  Compt.  rend.  uiviL  B6  ;  Limpricht 
iciv.  219.)— When  equivalent  quantities  of  salicylamic  acid  and  chloi 
heated  together  to  120— 14fio  C,  ae  long  as  hydrochloric  acid  escap 
linsliijaid  a  longtime  after  cooling,  but  ctystalliees  on  adding  a  few  ib 
;hEC ;  it  is  washed  with  etlier,  and  dissolved  in  boDing  alcoliol,  wli'- 
in  slender  needles  united  in  flwk.i.  It  is  sparingly  soluble  in  al 
ling.  When  heated,  it  gives  off  water,  and  ie  converted  into  I 
It  ia  readily  soluble  in  ammonia,  and  ia  reprecipi fated  uncb 
ing  the  solution,  or  on  addition  of  an  aeid.  It  divolvea  in  tbe 
ling  deep  yellow  solutions,  but  is  genenilly  decomposed  into  b»niOBt 
It  ie  attacked  hy  chloride  of  benzoyl,  yielding  a  cryi'lallins  pr 
,r»  to  be  converted  into  benzosabcylamic  acid  by  the  addition  of  wj 
ter  fusion,  it  is  no  longer  eomplelely  soluble  in  hot  ainm.Hiia ;  the  ; 
oluble  in  alcohol,  forming  a  yellow  solution  which  depoaita  ou  ev 
7suls,  apparently  of  an  ammoniom-salt :  the  solution  ia  decolona 

ytanuil't. — Tbe  ammoniacal  solution  of  the  acid  forma  a  light-yello' 
I  normal  acetate  of  lead,  and  a  light-blue  with  aufphate  of  copper, 
ilver,  it  forms  the  tilotrsalt,  C'Hi'AgNO'.  a  yellow  ppecipitat*. 
ted  on  contact  with  chloride  of  benroyl.  forming  a  visMiiia  prodsct, 
alcohol,  leaving  a  residue  of  chloride  of  ailvet. 
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If  Mliorlic  acid  be  regarded 
N.C'H*O.C'HH).»H. 


monobanc,  thia  oompoond  becomes  hentosalicylamide, 

F.  T.  C. 

I,    See  BBMioaAuoTLAiao  Acm. 


C»*H»»0*  -  (rH*0.(rH»O.H.O».  (Gerhard! 
(1862),  Ann.  Ch.  Phj&  [3]  xxxrii.  322.)— Formed  by  the  action  of  chloride  of  benaoyl 
on  salicylate  of  potaaaiom,  aa  a  viacoua  mass  difBcmt  to  porify,  solnble  in  ether,  de- 
composed by  boiling  water  into  benzoic  and  salicylic  acids.  By  dry  distUlation,  it 
yields  benzoateof  phenyl,  and  other  products  soluble  in  potash. 

This  compound  is  analogous  to  benzoglycollic  and  benzolactic  adds.    If  salicylic  acid 
be  regarded  aa  monobasic,  it  becomes  benzosalicylic  anhydride,  C*HK).CH*0'.0. 

F.T.  a 
See  BmoAiciDa. 

KXBB.    See  Bbnsoio  Anhtdbidi. 

C>*H'»0  (?)  (Rochleder,  Ann.  Ch.  Pharm.  xU.  93).— The 
yelJow  powder  obtained  by  fusing  hydrobensamide  with  solid  potash  consists  of  a 
mixture  of  three  substances,  a  peculiar  yellow  oil,  benzostilbin,  and  benzolone :  the  pro- 
fK)rtion8  of  these  three  compounds  rary  with  the  duration  of  the  fusion,  benzolone  not 
being  formed  at  all  unless  tne  mixture  has  been  heated  till  it  blackens.  The  two  former 
are  separated  from  the  third  by  alcohol,  in  which  benzolone  is  insoluble.  The  alcoholic 
Bohition  is  mixed  with  a  little  hydrochloric  acid,  when  it  becomes  red,  but  is  decolo- 
r\M*d  by  standing,  and  deposits  benzostilbin  in  small  crystals ;  the  same  result  is  pro- 
duced  more  rapidly  by  passing  chlorine  into  the  solution.  The  arstals  may  be 
obtained  larger  by  the  slow  evaporation  of  their  solution  in  ether.  When  quite  free 
from  the  yellow  oil,  they  are  but  slightly  soluble  in  alcohoL  They  melt  at  244*5^  C, 
and  sublime  when  further  heated,  being  in  great  measure  decomposed.  They  dissolve 
with  a  red  colour  in  sulphuric  acid,  and  may  be  boiled  without  decomposition  in 
aqueous  potash  of  1*2  specific  gravity.  Rochleder^s  analysis  gives  86*5 — 86*6  C, 
6-2—^3  H.  F.  T.  C. 


C"H*"0*. — The  name  given  by  Van  Bemmelen  (J.  pr. 
Chem.  Ixix.  84)  to  a  glyceride  or  artificial  fat  obtained  by  heating  glycerin  to  200^  C 
with  benzoic  and  succinic  acids.  It  is  a  soft  dark-brown  mass,  which  is  decomposed  by 
lone  boiling  with  water  or  alcohol,  more  rapidly  in  presence  of  an  alkali,  into  benzoate 
and  snodnatei  It  represents  glycerin  in  which  1  at  H  is  replaced  by  benzoyl  and 
2  at  by  succinyl,  C"H»(CrH»OXC*H«0«)0«.  F.  T.  C. 

See  Bbniamidb. 


See  Bhmzaiodb 

iTXh  Chlobidh,  and  Ajodb.    See  Bbuzaiodb. 

L    See  Bbmzaiodb. 

See  Bhmzaxidb. 

See  Benztlenb-phkytlaiiinb. 

TASTAJUO  AOZB.  C"H>*0'n»(C«HO')''.C'H*O.H.O*.  (Dessaignes, 
J.  de  Pharm.  [3]  zxxiL  47.) — Obtained  by  heating  a  mixture  of  equivalent  quantities 
benzoic  and  tartaric  adds  to  160^  C.  llie  acids  melt  at  first  without  mixing,  but  at 
last  form  a  homogeneous  brown  mass.  When  this  is  dissolved  in  boiling  water,  soma 
benzoic  acid  crystallises  out ;  the  mother-liquor  is  partially  neutralised  by  sodic  carbo- 
nate, decolorised  by  animal  charcoal,  and  acidulated  with  hydrochloric  adid.  After 
some  time,  nodular  masses  separate  out,  which  are  formed  of  microscopic  crystals,  and 
are  not  altered  in  form  by  recrystallisation.  The  acid  is  more  soluble  in  cold  water 
than  benzoic  add,  but  less  soluble  in  alcohol ;  its  solution  has  no  smelL  No  sublimate 
is  formed  when  it  is  heated  to  the  melting-point  of  benzoic  add ;  when  it  is  further 
heated,  benzoic  add  sublimes,  and  the  brown  residue  smells  of  heated  tartaric  add.* 
A  cold  saturated  solution  of  the  add  does  not  predpitate  lime-water,  ferric  chloride, 
i>r  nitrate  of  silver ;  it  slishtly  predpitates  a  concentrated  solution  of  normal  acetate 
of  lead.  When  neutraUsedwith  ammonia,  it  gives  a  pale  yellow  predpitate  with  ferric 
chloride,  but  does  not  predpitate  chloride  of  (^dum.  When  its  solution  is  one-fourth 
oeutralised  with  ammonia,  it  gives  with  nitrate  of  silver,  a  predpitate,  which  at  first 
is  redissolved:  it  contains  46'35  per  cent  silver,  corresponding  to  the  formula 
U*'H*Ag^'.  From  this  the  add  would  appear  to  be  dibasic,  in  which  case  it  is  not 
inalogous  to  benzog^yooUie  and  benzolactic  adds.  F.  T.  C. 

OVA&BXXO  AWU 1 DKZBB.     See  BsMioic  Anhtdbidb. 
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!•  C'H*0. — The  h}'pothetical  radicle  which,  according  to  Liebig  and 
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Wohler'a  original  suggestion,  is  usnally  considered  as  existing  in  benzoic  acid  acd 
many  of  its  kindred  compounds, — benzoic  acid,  C'H*0^  being  regaiided  as  hvdr»te  r1 
benzoyl,  C'H*O.H.O,  bitter-almond  oil,  C'H^O,  as  hydride  of  benzoyl,  itc  Tbss  n^ 
explains  the  reactions  of  the  majority  of  benzoyl-compounds  in  a  far  more  satixf^t *rj 
manner  than  that  of  Berzelius,  who,  in  accordance  with  his  opinion  that  oxygen  ne^r-r 
entered  into  the  composition  of  an  organic  riuiicle,  considered  C'H*  as  the  ndicte  <4 
this  group  of  compounds.  The  readiness  with  which  many  benzoyl-compoond^  yut^ 
into  phenyl-oompounds  renders  it  probable  that  benzoyl  should  be  regarded  as  4 
compound  of  phenyl,  CH^  with  carbonyl,  CO ;  just  as  acetyl  may  be  regajiied  as  a 
compound  of  methyl  and  carbonyL  One  or  more  atoms  of  hydrogen  in  beiaoy  \  n 
capable  of  being  replaced  by  a  monatomic  radicle  (CI,  Br,  NO^,  ^.)  forminf;  vKjt 
may  be  called  secondary  or  substitution-radicles  (chlorobenzoyl,  C'H^CIO,  nitroWuzi^i, 
C'H*(NO')0,  &c.),  which  may  be  supposed  to  exist  in  chloro-  or  nitro-benzoic  mdii,  e^: 
Benzoyl  has  not  yet  been  isolated.  BenzU,  which  has  the  same  oompooitioD,  «ioc»  cut 
exhibit  any  analogy  with  other  oiganic  radicles.  F.  T.  C 

aSKZOIX,  BSOmna  or.  Brombenzaldid.  C^K>3r.  (Li  e  big  and  Wo  hi  er, 

Ann.  Ch.  Pbarm.  iii.  266.) — ^When  hydride  of  benzoyl  is  mixed  with  bromine,  hcAt  u 
evolved,  and  hydrobromie  acid  given  off:  the  mixture  is  then  heated,  to  free  it  com- 
pletely from  hydrobromie  acid  and  excess  of  bromine.  Thus  obtained,  bromiiie  ^i 
benzoyl  is  a  soft,  brown,  broadly  laminar,  ciystalline  mass,  semifluid  at  the  ordiiuiry 
temperature,  and  melting  at  a  very  gentle  heat  to  a  brownish-yellow  liquid.  It  \ias 
a  famt  aromatic  odour,  somewhat  like  that  of  chloride  of  benzoyl,  and  is  readily  »t->lu't»;> , 
without  decomposition,  in  alcohol  and  ether.  When  heated  witii  water,  it  meltA,  aol 
remains  at  the  bottom,  as  a  brownish  oil,  which  is  decomposed  into  benzole  au  I 
hydrobromie  acids  only  by  prolonged  boiling.  It  fiunes  slightly  in  the  aix;  struiij^ly 
when  heated,  and  bums  with  a  bright  sooty  flame.  F.  T.  C 

BBVZOTl^  CB&OBZSB  OV.  Chlorberualdid.  CH^O.Cl  (Liebig  au.i 
Wiihler  (1832),  Ann.  Ch.  Pharm.  iii.  262;  Cahours,  Ann.  Ch.  Phya.  [3]  xxii. 
334;  Gerhard t,  ibid,  xxxvii  291). — Formed:  1.  by  the  action  of  chlonn**  «»n 
hydride  of  benzoyl  (L.  and  W.) — 2.  By  heating  perchloride  of  pht«{ih<>ru»  vitlj 
benzoic  acid  (Cahours). — 3.  By  the  action  of  oxy  chloride  of  phosphonu  on  Ifea/xnAUti 
(Gerhardt).  Also  in  small  quantities,  by  the  action  of  clUorine  on  maiiii«iic  ^uufi, 
or  on  benzoate  of  methyl  or  ethyl  (Malaguti,  Ann.  Ch.  Phys.  [2]  Ixz.  374),  ami  00 
cinnamein  (Fremy,  ibid,  180).— 4.  By  heating  benzoic  acid  to  200^0.  with  a  mixtom 
of  cliloride  of  sodium  and  anhydrous  acid  sulphate  of  sodium  or  potassium. 

Preparation. — 1.  Dry  chlorine  is  passed  into  hydride  of  benzoyl,  the  liqnid  hi'inji 
prddually  heated  to  iDoiling,  till  no  more  hydrochloric  acid  is  evolved:  the  pn>loct  U 
freed  by  heat  from  dissolved  chlorine. — 2.  A  better  and  easier  method  is  to  warm  vqci* 
valent  proportions  of  benzoic  acid  (122  pts.)  and  perchlonde  of  pho^tphorus  (2i«9  ptxi 
in  a  tubulated  retort ;  a  violent  reaction  takes  place,  hydrochloric  acid  is  erolve*!,  aiid 
a  mixture  of  chlorides  of  benzoyl  and  phosplioryl  distils  over,  heat  being  gradimCy 
applied.  The  mixed  clilorides  are  separated  by  fractional  distillation:  at  110°  C,  chl«'n.i« 
i)f  phosphoryl  passes  over ;  from  110°  to  196^,  a  mixture  of  the  two  chlorides ;  and  iTi>a 
196*^  to  200^,  nearly  pure  chloride  of  benzoyl,  which  is  readily  freed  from  trace-'*  at  *»xj- 
chloride  by  wasiiing  with  water,  and  dried  over  chloride  of  calcium.  — 8.  8odic  b»ii- 
zoate  is  treated <an  a  similar  manner  with  oxy chloride  of  phosphorus :  the  re-action  ;:9 
Tiolent  even  in  the  cold,  and  if  the  oxychloride  be  slightly  in  excesss,  chloridt;  of 
benzoyl  and  sodic  phosphate  are  the  only  products: 

3CH*NaO'  +  POa»  =  3CH*0.a  +  PO*Na«. 

otherwise  benzoic  anhydride  is  also  formed.  The  distillate  below  196®  obtained  in  {2) 
may  advantageouHly  be  employed  for  tliis  purpose. 

Chloride  of  benzoyl  is  a  clear  colourless  liquid,  with  a  peculiar  smell,  which  resem- 
bles that  of  horse-radish  and  makes  the  eyes  water.  SpecLdc  gravity  1*196  (L.  aiid 
W.);  1-26  at  15^0.  (Cahours):  boils  at  196°:  vapour-densitv  (expt)  4•9^: 
(Cahours)  ;  4'901  (calc).  It  is  insoluble  in  water,  but  is  decomposed  slowly  by  coM, 
and  quickly  by  hot  water,  into  benzoic  and  hydrochloric  acid:  the  same  deconii»^i».- 
tion  is  slowly  effected  when  it  is  exposed  to  moist  air.  It  is  decomposed  by  aifvhol, 
with  evolution  of  heat>  into  benzoic  ether  and  hydrochloric  acid:  it  does  not  »ct 
upon  pure  ether.  It  is  soluble  in  all  proportions  in  bisulphide  of  carbon,  with.imt 
decomposition,  and  with  the  aid  of  heat  dissolves  sulphur  and  phosphorus,  wtnch 
crystallise  out  on  cooling. 

It  bums  with  a  bright,  green-edged,  very  smoky  flame.  When  boiled  with  aqufoits 
alktiliSj  it  is  immediately  decomposed  into  benzoate  and  chloride,  but  it  may  be 
distilled  without  altt^ration  over  anhydrous  lime  or  barj^A.  With  dry  anunonia  or  am^ 
monic  car^tonaU,  it  forms  benzaraide  and  chloride  of  ammonium ;  it  is  frimilarW  d«onni- 
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hj  phmyUmine  and  other  aOudoldi,  yielding  phenylbensamide,  ftc   It  is  decom- 
bj  certain  metallic  bromides,  iodides^  ndpJudfM,  and  eyanidet,  yielding  bromide, 

cKlide,  sulphide,  or  ejranide  of  benieoyL    With  sulpkoeyanate  of  potassium,  it  erolvea 

leat^    and  yields  carbonic  anhydride  and  sulphide,  and  benzonitrile  (Schiff,   Ann. 

Dh.   Pharm.  zciz.  117):  probably  owing  to  the  decomposition  of  sulphocyanate  of 

benzoyl : 

2(CNS.C^H))  «  2C»H»N  +  C0«  +  CS»  (Limpricht). 

It  ia  not  attacked  by  potassium.    When  heated  with  hydride  of  copper,  it  yields 

h y dride  of  bensoyl  and  subchloride  of  coppc^  (C  h  i oz  s  a).   With  chloride  of  aluminium, 

it  forms  a  crystalline  compound,  but  not  with  the  chlorides  of  copper,  magnesium,  or 

Kinc :  it  ia  decomposed  hj  ^ferchioride  of  tin  (Cass elm  an n).    Witn  the  afiuline  salts 

of  many  oi^ganic  monobasic  acids,  it  yields  an  alkaline  chloride  and  an  anhydride, 

«.  a,  with  sodio  hcruoate,  benaoic  anhydride ;  with  sodie  pelargonate,  bensopelargonie 

axmvdride,  &a  (Gerhardt).    Heated  with  formate  of  sodium,  it  yields  carboni'* 

oxide,  chloride  of  sodium,  and  benzoic  acid : 

CHNaO*  +  (THHXJl  -  CO  +  NaCl  +  C^«0«  ( Gerhard t). 

Hoated  with  potassie  oxalate,  it  yields  benzoic  anhydride,  potassic  chloride,  and  car- 
bonic oxide  and  anhydride  (Gerhardt)  with  oxamtde,  benzonitrile  and  other  products 
(see  BaNSONrraiL),  with  most  amu^,  a  secondaiy  ortertiaiy  amide  containing  oenzoyL 
When  finely  powdered  aldehyde-ammonia  is  gradually  added  to  chloride  of  benzoyl, 
«al-ammoniac  and  benzoic  add  are  formed,  together  with  a  substance  which  crystal- 
lises from  hot  alcohol  in  needles  having  the  composition  CH'^N'O',  isomeric  (perhi^ 
identical)  with  hipparaffin.     It  is  insoluble  in  water,  readily  soluble  in  hot  alcohol  or 
ether ;  is  fusible,  and  sublimes  partly  undecomposed ;  is  slowly  decomposed  by  boiling 
potash  or  sulphuric  acid  into  benzoic  acid  and  a  brown  resin ;  is  not  attacked  by  boilins 
with  water  and  peroxide  of  lead,  till  sulphuric  acid  is  added,  when  aldehyde  is  erolved 
and  benzamide  formed;  is  similarly  decomposed  by  nitrous  acid.    (Limpricht,  Ann. 
Ch.  Pharm.  xcix.  119.) 

Ptntachloride  of  phosphorus  dissolves  in  hot  chloride  of  benzoyl,  and  is  deposited  on 

cooling  (Gerhardt).    According  to  Schischko£f  and  Rosing  (Compt.  rend.  xlvL 

867),  when  equivalent  quantities  of  the  two  substances  are  heated  together  in  a  sealed 

tube  to  200°  C.  for  some  days,  a  compound,  CH*C1*,   is  formed,  which  they  call  «>0r- 

ehloride  ofhensoyl.    The  contents  of  the  tube  are  heated  in  a  retort  to  about  110^  C, 

washed  first  witn  strong  potash,  and  then  with  water,  and  dissolved  in  alcohol ;  the 

addition  of  water  precipitates  the  compound  as  a  yellowish  neutral  oil,  heavier  than 

water,  soluble  in  alcohol  or  ether.    It  blackens  at  180° — 140°,  and  cannot  be  distilled 

without  decomposition.   It  is  decomposed  when  heated  with  water  in  a  sealed  tube,  but 

not  by  mere  contact  with  water  or  aqueous  or  solid  potash :  it  is  also  decomposed  by 

fnminff  nitric  acid,  evolving  nitrons  ftimes ;  with  acetate  of  silver  in  the  cold  it  yields 

chloride  of  silver. 

By  the  action  of  chlorine  on  benzoate  of  ethyl  (q.  v.)  a  compound  is  obtained,  having 
the  composition  C"H*H1!1'0',  which  may  be  regarded  asa  compound  of  chloride  of 
benioyl  with  tetrachlorovinic  ether,  C>«H*Hn«0»  -  2C*H*0CLC*H"C1*0.  It  is  a 
colourless  liquid,  boiling  at  188°~190°  C,  of  specific  gravity  1*346  at  10*8°,  smells  like 
chloride  of  benzoyl,  fbmes  in  moist  air,  and  is  slowly  decomposed  by  water  into  hydro- 
diioric,  benzoic,  and  acetic  acids.     (Malaguti,  Ann.  Ch.  Phys.  r2j  Ixx.  374.) 

Chloride  of  benzoyl  appears  to  form  a  compound  with  hydride  of  benzoyL  (See 
Benzoyl,  Htdridb  of.) 

Substitution'produets  of  Chloride  of  Benzoyl, 

Chloride  of  Chlorobensoyl  C^HIJIK)  -  C*H*C10.C1.  (Limpricht  and  v. 
UtUr.  Ann.  Ch.  Pharm.  ciL  262).  —  Obtained:  1.  By  the  action  of  perchloride  of 
phoephorua   on   ehlorobenaoie   add. — 2.  By  the   deoomposition   of  snlphobenaoie 

chloride: 

cH^a^so*  «  c»H*aH)  +  so*. 

1  at  Bulpbobonzoic  acid  is  heated  with  2  at.  perchloride  of  phosphorus,  as  long  as  any- 
thing distils  over ;  by  repeated  rectification  of  the  distillate,  a  yellowish  liquid  is  ob- 
tained, which  boils  at  286°  C,  and  consists  of  impure  chloride  of  chlorobenzoyl,  which 
cannot  be  purified  by  distillation.  As  obtained  bv  (1)  it  is  a  clear,  colourless,  stronely- 
rdfracting  liquid,  which  boils  at  225°  C. :  is  slowly  decomposed  by  boiling  water  into 
chlorobensoic  and  hvdrochloric  acids,  and  quickly  by  strong  aqueous  ammonia,  into 
chlorol)snzamide  and  chloride  of  ammonium. 
By  the  distillation  of  salicylic  acid  with  perchloride  of  phosphorus  Chiosza  (Ann. 
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lit!.  102)  obtained  s  componnd  Momeric  with  the  bTe^mo^ 
loridt  oj  pararhlvTobemoi/l  ; 

C'H'O'  +  2PC1'  -  C'H'Cl'O  +  2P0CI'  +  2HCL 
tich  ia  probably  not  qoile  pure,  !«  >  heary  stronply-refrsptine 
Dg  smell,  and  decomposed  slovly  by  cold,  immediutfly  by  hoi 
lenioic  &Dd  hydrocblorie  acids:  when  e^utlj  heat^  with  kal 
ydcochloric  acid  imd  ealicylide  of  benzoyl.    This  reaclion  hs»  : 

mtroifntoyl.  C'E'CINO"- CH'(N0')O,a  (Cahonri.  i 
[3]  iiiii.  33S;  BertaRnini.  iW.  [3]  xxiiii.  16S.)-Ft.nned 
e  m  the  sunahinp  on  hydride  of  nitrolienzoyl.  Atno  by  hcatiiif 
h  pcrchloride  of  phosphorua;  a  mixture  of  the  chloridps  of  pbo: 
I  diatils  OT«r,  which  is  rectified,  and  the  portion  wbirli  pun 
rjth  wa.teE,  dried  over  chloride  of  calciam.  and  again  distilled. 
BTJer  than,  and  insolnbJe  id.  waler,  KiDietbiDg  lihV  chloridR  of  b 
65° — 2eS<^  C.  It  is  (ETaduaUj  decomposed  in  moist  tji  into  oi 
iloric  arids.  It  la  eimilarty  decomposed  by  efrong  boiliME  pots?<h. 
ns  nitrobeniiimiJe  ;  witli  phenjlamine,  phenylnilrobeoiamide, 
'Spirit,  it  forma  uitrobenzoate  of  etb  jl  or  cuetbyl :  it  is  Dot  dt-ooi 
F. 
OTAXntBOr.  C'H'NO=C'H'O.CN.  {LiebigaodWahler 
.iii.  267;  H,  Streeket,  ibid.  ic.  62.)— When  chloride  of  benzoy 
do  of  mercuiT.  a  yellow  oil  passes  over,  wbieli  may  be  oblainwi 
ion  (L,  and  W.) ;  after  a  time,  it  solidifies  to  a  crystalline  muB^. 
Lth  water  aa  lon^  aa  any  mercory-aalt  ia  washed  out,  and  dryir 
over  salphuric  acid,  leaves  pure  cyanide  of  benioyL  It  is  a  col 
,  whieh  melts  at  31°  C,  and  cryatulliscs  by  slow  eooliue  in  tal 
iapungentodour,exciting  tears;  boils  at  206°. — ^^OK^C:  is  bejAvi 
imable.  and  bums  wilb  a  very  smoky  flame.  It  is  very  alnwly 
D  the  cold,  and  not  rapidly,  even  on  heating :  is  decomposed  )>y  a 

d,  into  hydride  of  btnzoyl  and  benzoin.  F. 

,  KTBmZSB  OP.  Bnt:aldine.  Biltrr-Atmond  Oil.  a 
dtofSlilhem.  C'H'O  -  C'H'O.  H.  (Liebig  and  Wohlcr 
I,  nil,  I.)— -The  principal  constituent  of  crude  hitter-almond  oil, 
B  obtained  by  dil^tilling  bitter-almonds  with  water  (see  Birmit-J 
)  formetl  by  the  decomposition  of  many  or^nic  aubstoncea.  1. 
nygdalin,  amvgdahc  acid,  benivlic  alcohol  (CaDDJzzaro.  Ai 
.  18U).cinnam'on-oil.  cinnamic  acid  (Mulder,  Damaa.  andP^ 
n,  by  nitric  acid  ;  of  stUbene  and  atynicene  by  aqueous  chrom 
mandelic  acid,  Btyrune,  and  (with  several  other  pruducls)  of  can 
lid  gelatine,  by  sulphuric  acid  and  binoxide  of  munu^uiese. — 2. 
eof  copper  on  chloride  of  benzoyl  (Chiozia.  Compt.  rend,  ixxr 
)id  dry  diatillation  of  a  mixture  of  benioato  and  Ibrmnt*  ot  ealc 

(C'O-O'yCa   *    (CHO')"(;a  -  2C'0"ra  +   2C'H*0 
juid  passes  over,  whence  hydride  of  bcnioyi  ii  sepaj^ted  bj  » 
lium  (Piria,  Ann.  Ch.  Pharm.  c  104),— 4.  By  the  action  of 
ranide  of  benzoyl.     Cyanide  of  benzoyl  ia  heated  gently  witii 

excess  of  zinc ;  the  cyanide  turns  yellow,  and  the  zinc  becomes  i 
IS  mass,  containing  hydride  of  benzojl.  hydrocyanic  acid,  and  I 
led  with  potash,  viclds  reddish-yellow  oily  drops,  which,  wheod 
ide  of  benzoyl  (Kolbe.  Ann.  Ch.  Pliarm.  xcviii.  S4*>.— S.  By 
if  silver  on  chloride  of  benzjlene^ 
CHHII'  +  C=Ag=0'  =  C'H'O  +  CO'  +  CO  +  2AgCL 
lust  be  very  cautiously  heated  under  rockHjil.  otlierwiss  a 
place,  attended  with  complete  daatmutioo  of  the  ornme  <Xm 
!,  Ann.  Ch.  Pharra.  cxi.  252.) 

almond  oil  contains,  besides  hydride  of  beniojl,  hydrocyanic  ai 
lin,  and  benzimide.  By  submitting  the  oil  to  fractional  disti 
d  firet  pasBes  orer,  and  then  tolerably  pure  hydride  of  benio 
B  remain  in  the  residue.     Pure  hydride  of  benzoyl  mav  also 

crude  oil  by  several  chemical  means:  1.  By  nEntatinj  the  « 
irir  oxid«  and  water  (v.  Ittner),  or  with  milk  of  lime  and 
(W.  and  L.),  and  distilling,— 2.  By  agilalinBthciil  wiih  three 
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iniM  itg  Tohirae  of  icid  sulphite  of  sodium  of  27^  B.,  or  1*281  specific  gnTity ;  dry- 
ng  by  pressnra^  or  on  a  porous  tile,  the  crystalline  mass  which  fonns  after  some 
lonrB ;  washing  it  with  cold  alcohol ;  dissolving  it  in  the  smallest  possible  quantity  of 
k-ater,  and  decomposing  it  by  a  strong  solution  of  sodic  carbonate.  The  oil  which 
eparates  is  decanted  and  distilled  over  chloride  of  calcium  (Bertagnini,  Ann.  Ch. 
^liarm.  Izzxr.  186).  According  to  Muller  and  Limpricht  (Ann.  Ch.  Pharm.  czi. 
36),  it  is  necessary,  in  order  to  obtain  a  pure  product  by  this  method,  either  to  re- 
xystallise  the  czystalline  compound  before  dintilling  it  with  carbonate  of  sodium,  or 
o  rectify  the  liquid  which  passes  orer;  the  portion  which  distils  up  to  184°  C.  is  then 
ree  from  hydrocyanic  acid. 

Pure  hydride  of  bensoyl  is  a  colourless,  limpid,  strongly-refracting  liquid,  witn  a 
imell  resemblins  that  of  oil  of  bitter-almonds,  and  a  burning  aromatic  taste.  Its 
'p<)cific  gravity  is  1*0499  at  14-6  or  1063  at  O^^  C.  (Kopp) ;  boUs  at  179*1°  with  the 
>aiometer  at  761*3  mm. ;  vapour-density  (calc)  3*66.  It  is  soluble  in  30  pts.  water, 
knd  in  all  proportions  in  alcohol  and  ether ;  when  free  from  prussic  acid,  it  is  not 
^iiionous;  in  the  animal  organism  it  is  converted  into  hippunc  acid  ^Wohler  and 
b'riericbs,  Ann.  Ch.  Pharm.  Ixvi  336).  It  dissolves  in  sulphurous  acid  more  easily 
Lhan  in  water,  and  separates  out  on  evaporating  the  solution.  It  is  generally  regarded 
u  the  aldehyde  of  the  benzoic  group,  since  it  ei^bits  many  of  the  reactions  of  an  alde- 
iiyde,  combming  with  acid  sulphites  of  alkali-metals,  and  oxidising  in  moist  air  to 
benzoic  acid ;  but  it  does  not  reduce  silver-solutions. 

It  bums  with  a  bright  veiy  smoky  flame.  It  may  be  passed  through  a  tube  heated  to 
dull  redness  without  decomposition ;  but  if  the  tube  be  filled  with  fripnentB  of  pumice- 
stone,  it  is  decomposed  into  benzoyl  and  carbonic  oxide  (Barreswil  and  Boudault, 
J.  Pharm.  [3]  v.  267).  Heated  to  100°  C.  in  a  sealed  tube  with  ferric  hydrate  (pre- 
viously dried  at  100°)  it  is  oxidised,  and  yields  a  considerable  quantity  of  ferrous  ben- 
Eoate,  part  of  the  non-combined  ferric  oxide  being  also  reduced  to  ferrous  oxida 
(Grager,  Ann.  Ch.  Pharm.  cxi.  124).  Dry  chlorine  converts  it  into  chloride  of  ben- 
Eoyl  and  hydrochloric  acid ;  this  decomposition  is  seldom  complete,  especially  if  the 
^na  be  moist,  a  compound  of  chloride  and  hydride  of  benzoyl  being  formed  (see  below). 
Bromine  converts  it  into  bromide  of  benzoyl  and  hydrobromic  add.  Iodine  does  not 
attack  it.  Cold  strong  nitric  acid  dissolves  it  undaoomposed,  and  on  heating,  slowly 
oxidises  it  into  benzoic  acid :  fuming  nitric  acid,  or  nitrosulphuric  acid,  converts  it  into 
bydride  of  nitrobenzoyl  (see  below).  Strong  sulphuric  acid  dissolves  it,  forming  a 
r<'<l  solution,  which  bladiens  and  gives  off  sulphurous  anhydride  when  heated.  With 
j({ry/)Auru7a9iAy<fn40itformsa  sulpno-conjugatedacid,  sulphomandelic  acid  (Mits- 
cherlich,  Lehrb.  V  Aufl.  L  163).  Vf  ilk  perchloride  ofphoiphorus^  it  yields  the  chlo- 
rides of  benzylene  and  phosphoryl  (C  ah  ours,  Compt  rend.  xxv.  726).  Heated  with 
chloride  of  acetyl  in  equivalent  proportions  for  several  hours  to  120° — 130°  C.  in  a  sealed 
tube,  it  yields  hydrochloric  ana  cinnamic  adds  (Bertagnini,  Ann.  Ch.  Pharm. 
c.  126): 

C^«0  +  C»H»0.a  -  C»HH)«  +  Ha 

With  sulphi/drie  acid  or  sulphide  of  ammonium,  it  yields  peculiar  products  containing 
sulphur,  and  vairing  according  to  the  amount  of  alkali  present,  and  the  medium  in 
which  the  hydride  of  benzoyl  is  dissolved.  In  an  alcohohc  solution,  it  yields  hydride 
of  thiobenzoyl  (see  below) ;  in  an  ethereal  solution,  tkiobenealdine.  With  ammonia 
and  sulphide  of  carbon  it  yields  nUphocyanobensylene.  It  dissolves  ootosn'tfm,  becom- 
ing thick  and  daric,  but  without  evolution  of  hyclrogen  (Lowig).  When  heated  with 
Kolid  potash^  it  evolves  hydrogen,  and  is  converted  into  bpuzoate ;  with  alcoholic  potash, 
into  benzoate  and  benzylic  aloohoL  Cyanide  of  potassium  converts  it  into  benzoin. 
With  ammonia  it  forms  various  products  (Laurent) ;  with  aqueous  ammonia  hydro- 
benzamide  and  azobenzoilide;  with  o/coAo/ic  ammonia  am ar in e,  benzimic- 
ai'id,  and  sometimes,  dibenzoylimide  (Robson).  Yfith  aniline^  it  yields  ben- 
zylene-phenylamine;  with  urea^  benzoyluride. 

Combinations,  Bentoate  of  Hydride  of  Bensoyl.  See  BrrraB-AufOKD  Oil. 
Hydride  of  Benzoyl  with  Chloride  of  Benzoyl.  C"H"aO««C^H*O.C^HH)Cl 
(Laurent  and  Gerhardt,  Compt  chim.  1860,  p.  123.)  —  Formed  abundantiy  when 
hydride  of  benzoyl  is  imperfectiy  saturated  with  chlorine,  or  even  when  it  is  treated 
with  excess  of  chlorine.  The  saturated  solution,  when  left  to  itself  in  a  stoppered 
bottle,  gradually  solidifies  into  a  crystalline  mass,  which  is  washed  with  cold  alcohol, 
and  dried.  It  forms  colourless  shining  laminse,  resembling  benzoic  add ;  melts  vei^ 
readily,  and  remains  Liquid  a  longtime  when  at  rest ;  heated  above  its  melting  point  it 
gives  off  chloride  of  benzoyl  When  dry,  it  is  inodorous,  but  if  moist  it  gives  off  fumes 
of  hydrochloric  acid,  and  smells  of  hydride  of  benzoyl.  Hot  water  decomposes  it  into 
benzoic  and  hydrochloric  acids,  and  hydride  of  benzoyl.  It  is  insoluble  in  cold 
akohol ;  warm  alcohol  decomposes  it    It  is  decomposed  by  strong  sulphuric  acid. 
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HyiroeyanaU  of  Hydride  of  Bensoyl  C»H^O  «  C^^O.CNH  (Voeleli»| 
(1844),  POgg.  Ann,  hoi  444). — VThen  crude  bitter-almond  oil  or  bitt«r-«lin<}nd  wx'rt 
if  mixed  with  hydrochloric  acid,  and  evaporated  below  100®  0.,  till  it  is  tfmwi^PTxUj 
concentrated,  this  compound  separates  as  a  yellowish  oil,  which  ia  wajsbed  with  waUr, 
and  dried  over  sulphuric  acid  in  vacuo.  It  is  inodorous;  boila  at  170*  C.  S{*<ui* 
gravity  1'24.  Slightly  soluble  in  water,  forming  a  bitter  or  neutral  solution,  nctotiv 
in  alcohol  or  ether.  It  begins  to  decompose  at  100°  C,  and  when  boiled  ii  ent^rv- j 
resolved  into  hydride  of  benzoyl  and  hydrocyanic  acid ;  it  is  similarly  Aecompt  -^ 
by  aqueous  potash.  When  evaporated  with  strong  hydrochloric  acid,  it  takes  up  vu:«r 
and  forms  mandelic  acid  and  ammonia: 

C»H^NO  +  2H«0  -  C«H"0«  +  NH». 

Gerhardt  (Traits,  iii.  193)  mentions  a  compound  obtained  by  distilling  in  a  brine* 
bath,  a  mixture  of  2  pts.  hydride  of  benzoyl,  1  pt  cyanide  of  mercury,  sad  1  pt.  hj- 
drochloric  acid ;  it  is  an  oil  which  smells  like  hydride  of  benzoyl,  has  a  specific  etnrifT 
of  1  10 ;  is  somewhat  soluble  in  water,  more  in  alcohol,  readily  in  ether;  does  not  soLdifj 
at  12°  C. ;  boils  at  312°  yielding  a  distillate  which  aystaUises  on  cooling. 

Hydride  of  Benzoyl  with  Chloride  of  Calcium. — When  dry  pnlTerii^i 
chloride  of  calcium  is  added  to  anhydrous  bitter-almond  oil,  heat  is  evolved,  acd  « 
solid  compound  is  formed,  which  separates  flpom  the  liquid  in  easily  deconipr»f  j:.1j 
crystals,  apparently  containing  2*6  to  3'3  at.  CaCl'to2  at.  hydride  of  bensoyL  (£k- 
mann,  Ann.  Ch.  Pharm.  cxii.  161.) 

Hydride  of  Benzoyl  with  Acid  Sulphites  of  Alkali'inetaH,  (Bertagnici, 
Ann.  Ch.  Pharm.  Ixxxv.  183.) 

a.  With  Acid  Sulphite  of  Ammonium. — Hydride  of  benzoyl  dissolves  in  all  propc*- 
tions  in  acid  sulphite  of  ammonium ;  but  the  resulting  compound  cannot  be  obtaic«^d  .a 
the  crystalline  state.  The  solution  dissolves  an  excess  of  hydride  of  benzoTL  whicii 
separates  out  on  addition  of  water.  Ammonia  renders  it  turbid,  and  gradually  pr?<f}* 
pitates  a  body  having  the  properties  of  hydrobenzamide.  When  the  dry  compojusd  i« 
heated  with  excess  of  slaked  lime,  it  yields  amarine  and  lophire.     (Gossmann.) 

h.  With  Acid  Suiphite  of  Potassium. — ^When  hydride  of  benzoyl  is  shaken  np  ^th  « 
solution  of  this  salt  of  28® — 30°  Baum^  (specific  gravity  1*24 — 1*26),  a  crystaliiDe  ma^rj 
is  speedily  formed,  which  must  be  dried  with  filter-paper,  and  dissolred  in  dilate  bciL  .? 
alcohol  (lT  boiled  too  long  decomposition  takes  place);  the  solution  on  cooling  depi?.*.* 
the  compound  in  shining  rectangular  laminae.  It  is  very  soluble  in  water,  less  *d  q 
presence  of  alkaline  sulphites,  not  at  all  in  a  saturated  solution  ci  these  salt^ ;  spar- 
ingly soluble  in  cold,  readily  in  boiling,  alcohoL  It  is  permanent  in  the  air.  It? 
aqueous  solution  is  decomposed  by  boiling,  either  alone  or  with  dilate  acids,  and  b;; 
alkaline  carbonates,  with  scpiiration  of  hydride  of  benzoyL 

c.  With  Acid  Sulphite  of  Sodium.  C'H»O.SO*NaH.  ^  Aq.— Formed  like  (h).  Sr-VJ 
white  aggregated  prisms,  tasting  of  hydride  of  benzoyl  and  sulphurous  aciil  reni^lr 
soluble  in  water,  sparingly  in  hot  alcohol,  insoluble  in  cold  alcohoL  It  may  be  keii 
in  stoppered  bottles,  and  decomposes  but  slowly  when  exposed  to  the  air.  W1i«*d  can?- 
fiilly  heated  in  the  air,  it  is  decomposed  without  blackenmg,  into  salphorons  amiydr.4« 
and  hydride  of  benzoyl,  sulphite  of  sodium  remaining ;  in  a  stream  of  hjdr«ven,  Lbj 
decomposition  takes  place  below  100°  C.  Its  aqueous  solution  is  decomposed  by  l^ii- 
ing,  either  alone  or  with  acids  or  alkalis,  like  that  of  (6),  also  by  iodine  or  clilorine.  voi.r 
sulphate  being  formed.  Nitric  acid  decomposes  the  dry  salt  m  a  similar  manner.  h$ 
aqueous  solution  gives,  with  barium-salts,  a  white  precipitate,  soluble  in  bydrt>ciJ>>n<' 
acid ;  it  also  precipitates  lead-  and  silver-salts :  the  precipitates  appear  to  cofntam  i 
portion  of  the  oil. 

Substitution-products  of  Hydride  of  Benzoyl, 

Hydride  of  Nitrobenzoyl.  Nitrohenzaldide.  C'H»NO«  =  C'H*(NO)«O.H  (B<-n 
tagnini,  Ann.  Ch.  Pharm.  hoar.  269 ;  btxxvi.  190.) — When  hydride  of  benzoyl  is  trr»- 
du;Uly  added  to  Inming  nitric  acid,  or  to  16 — 20  vols,  of  a  mixture  of  1  voL  nitric  *ci 
2  vols,  sulphuric  acid,  heat  is  evolved,  and  the  addition  of  water  precipitates  hydride  li 
nitrobenzoyl  in  yellowish  oily  drops,  which  crystallise  in  a  few  days.  The  Teasel  mc< 
be  kept  cool  during  the  operation,  otherwise  nitrobenzoic  acid  will  be  fonned.  Th# 
erystals  are  contaminated  by  a  yellow  fetid  oil,  whence  they  are  purified  by  pressure  be- 
tween filter-paper,  and  reciystallisation  £rom  boiling  dilute  alconoL 

It  forms  white  shining  needles,  inodorous  when  pure,  with  a  taste  like  that  of  hr- 
dride  of  benzoyL  It  is  slightly  soluble  in  cold,  readily  in  hot  water  or  alcohol.  It** 
BO  in  ether ;  dissolves  undecomposed  in  nitric,  hydrochloric,  or  sulphuric  aci^is,  mA 
crystallises  out  as  the  last  solution  absorbs  moisture  from  the  air.  It  melts  ea«tiiT  bo 
A  ooloorless  liquid,  which  solidifies  at  46°  C. ;  when  further  heated,  it  gives  oiflrTai:oars, 
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wKlch  nnell  piMMiithr  wben  dik^,  but  are  very  pungent  when  eoneentzvtecL  It  oi^ 
be  voUtilised  in  fnudl  qnantitieB  vithout  deeompontion ;  partly  even  when  boiled  wita 
wnter,  oompletelj  when  heated  in  an  oil-bath  in  a  stream  of  gaa. 

Hjrdride'of  nitrobencoyl  bnree  with  a  smoky  flame.  It  does  not  absorb  oxygen  from 
the  air,  but  is  readily  oonTerted  into  nitrobenzoic  acid  by  oxidising  asents,  e.g. 
aqueous  chromic  add*  or  a  mixture  of  nitric  and  sulphuric  adds.  Chionne  in  sunshine 
converts  it  into  ekhridt  of  nitrobenzoyl  (see  Benzoyl,  Chlobidb  of).  Bromine  dis- 
aolves  readily  in  ftised  hydride  of  nitrobenzoyi,  but  does  not  decompose  it  till  heated 
oyer  100^  C,  when  a  brown  resinous  mass  is  formed.  Strong  hydrocyanic  acid  readily 
di(«8oIve8  it,  the  solution,  if  evaporated  at  once,  deposits  it  unaltered,  but  after  stand- 
ing for  a  few  hours,  yields  on  evaporation,  a  viscid  liquid,  permanent  in  the  air,  soluble 
Id  hot  water,  and  separating  out  on  cooling,  which,  when  boiled  with  hydrochloric  acid« 
yields  chloride  of  ammonium,  and  another  body  soluble  in  water.  Cyanide  of  potas^ 
9ium  decomposes  it  at  once,  forming  compounds  which  have  not  been  examined. 
With  sulphydrio  acid,  its  alcoholic  solution  forms  hydride  of  thionitrobeneyl^ne 
(see  below).  When  its  solution  in  alcoholic  ammonia  is  treated  with  sulphuretted 
hydrogen,  a  semifluid  mass  is  deposited,  which  consists  of  a  sulphur-compound  mixed 
with  froe  sulphur;  the  former  is  dissolved  out  b^  ether,  and  obtained  by  evaporation  aa 
a  viscid  reddish  liouid,  insoluble  in  water  or  dilute  acids,  soluUe  in  warm  alcohol ;  it 
in  decomposed  by  heat,  evolving  sulphuretted  hydrogen,  and  when  boiled  with  nitrie 
acid,  forms  sulphuric  acid  and  a  yellow  resin.  Heated  with  etdphite  of  ammonium 
it  yields  aA  acid  product,  readily  soluble  in  water  or  aloohoL  Aleoholio  wtash 
conv(>rta  it  into  nitrobenzoate  in  the  cold ;  aqueous  potash  requires  the  aid  of  heat. 
Ammonia^  whether  diy,  aqueous,  or  alcoholic,  converts  it  into  trinitrohydrobenzamide. 
When  it  is  gently  heated  with  urea^  water  is  given  off,  and  the  whole  solidifiee  on  cooling 
into  an  opaque  mass  (nitrobenzoylureid?)  slightly  soluble  in  alcohol,  readily  in  alcohol 
containing  hydrochloric  add,  being  thereby  decomposed  into  urea  and  hydride  ot 
nit  pn  benzoyl. 

Hydride  of  nitrobenzoyi  combines  with  add  sulphites  of  alkali-metala,  forming  com- 
pounds of  which  the  following  have  been  examined : 

a.  With  Acid  Sulphite  of  Ammonium,  (rH»NO».SO«NH»  +  \  Aq— :^dride  of 
nitrobenaoyl  is  dissolved  in  a  solution  of  add  sulphite  of  ammonium  of  29^  Bm.  at  a 
gentle  heat,  when  this  compound  crystallises  out  on  cooling.  It  forms  small,  tran- 
n parent,  colourless  prisms,  which  grate  between  the  teeth,  and  have  a  bitter  and  sul- 

Ehurous  taste;  are  soluble  in  water  or  boiling  alcohol,  and  ciystallise  readily  from  the 
itter  solution  only.  It  is  permanent  in  the  air,  though  it  gradually  acquires  a  violet 
tinge.  Its  aqueous  solution  is  decomposed  by  boiling,  dther  alone  or  with  adds  or 
alkalis.  With  barium-  lead-  or  silver-salts,  its  aqueous  solution  gives  a  predpitate  oi 
metallic  sulphite  mixed  with  hydride  of  nitrobenzoyi ;  with  dichloride  of  platinum,  it 
gives  chloroplatinate  of  ammonium. 

b.  With  Aeid  Sulphite  of  Sodium.  CH»NO».SO*NaH  +  6 Aq. —Obtained  in  the 
same  manner  manner  as  (a),  in  yellow  scales,  which  aro  rendered  nearly  colourless  by 
recrystallisation  from  a  little  hot  water.  It  is  readily  soluble  in  hot,  less  so  in  cold 
water :  effloresces  in  the  air :  loses  its  water  at  70** — 80°  C. ;  above  90°  it  is  decomposed 
giving  off  hydrogen,  sulphurous  anhydride,  and  hydride  of  nitrobenzoyi,  sulphite  ot 
sodium  remaining  behino.  Its  aqueous  solution  ia  decomposed  by  boiling,  especially 
on  addition  of  adds  or  alkalis. 

Hydride  of  Thiobenzoyl.  Hydride  of  Stdphoben^oyl.  Sulphide  of  StUbene. 
Sulphopicramyl  C'H'S  «  C'H*S.H  (Laurent,  Ann.  Ch.  Phys.  [3]  L  292.  Roch- 
leder,  Ann.  Ch.  Pharm.  xxxviL  346.  Cahours,  Compt  rend.  xxv.  S67.) — When 
1  voL  of  bitter-almond  oil  (crude  or  pure),  is  dissolved  in  8 — 10  vols,  alcohol,  and 
1  vol.  sulphide  of  ammonium  gradually  added,  this  compound  speedily  separates  us 
a  mealy  powder,  which  is  easily  purified  by  washing  with  alcohoL  It  is  also  obtained 
when  an  alcoholic  solution  of  hydrobrobenzamide  is  supersaturated  with  sulphuretted 
hydn^en,  and  the  liquid  left  at  rej>t  It  is  a  white  powder  consisting  of  nucroscopie 
granules ;  is  inodorous,  but  imparts  to  tlie  fingers  a  smell  of  onions ;  is  insoluble  in 
water  or  alcohol.  With  ether  it  forms  a  transparent  liquid,  which  resolidifies  on  adding 
a  few  drops  of  alcohoL  It  becomes  soft  at  90°— 95°  C.  After  fiidon  it  solidifies  to  a 
transparent  non-crystalline  mass.  By  dry  distillation,  it  evolves  sulphuretted  hydrogen 
and  bisulphide  of  carbon,  and  yields  a  sublimate  of  stilbene  and  thionessal : 

SCH^S  -  2C8«  +  8H«8  +  2C«H»«  +  C»H>«. 

Stilbene.       ThionesMU. 
It  bums  with  an  offensive  smell  and  bright  smoky  flame.    With  bromine,  it  evolveu 
hydrobromic  add,  and  forms  an  oily  body.    Heated  with  nitric  acid,  it  yidds  sulphurit^ 
acid  and  hydride  or  hydrate  of  benzoyl ;  with  sulphuric  acid,  it  dissolves,  forming  k 
carmine  solution,  which  water  decolorises,  precipitating  yellow  flakes;  boiled  witii 
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hydrochloric  acid,  it  evolves  a  little  sulphuretted  hydrogen.  It  is  slowlj  deooinpoti*d 
by  alcoholic  potash ;  water  separates  an  oil  from  the  solution,  and  acids  ermrm 
sulphuretted  hydrogen  from  the  alkaline  liquid.  It  is  isomeric  with  snipbklt-  of 
baniylene. 

Hydride  of  Thionitrohenzoyl.  Sulphide  of  Nitrobenzyleiu.  C^^NO^  = 
C'H*(NO«)aH  (Bertagnini,  Ann.  Ch.  Pharm,  Ixxix.  2fl9).  — When  an  aliv.b.:> 
solution  of  hydride  of  nitrobenzoyl  is  saturated  with  sulphuretted  hydro^n,  thiu  n-re 
pound  separates  as  a  grey  light  mealy  powder,  which  is  inodorous,  but  imparts  ±  'ii«- 
agreeable  smell  to  the  fingers.  It  becomes  electric  when  rubbed.  It  does  not  dis*?he 
in  the  usual  solvents,  but  melts  in  boiling  wattTj  aggregates  tc^ether  in  boiling  oi'  ■»- 
hoi,  and  becomes  soft  and  transparent  with  ether  in  the  oold.  it  dissolves  in  9tT«.i}^ 
sulphuric  acid,  and  is  reprecipitated  unaltered  by  water.  Strong  nitric  acid  denm- 
poses  it  in  the  cold,  dilute  nitric  acid  on  heating,  forming  sulphuric  acid  and  hydr.c**  A 
nitrobenzoyl.  Alcoholic  potash  dissolves  it  in  the  cold,  and  water  precipit;*^*-^  a 
brown  substance  from  the  solution.  Ammonia,  whether  dry  or  aqueoua,  att*cL«  it, 
evolving  sulphuretted  hydrogen,  and  forming  (probably)  trinitrohydrobenzjuuidc. 

Oxyiodide  of  Benealdide,  C"'H'*rO  (Geuther  and  Cartmell,  Ann.  Ch. 
Pharm.  cxii.  1). — This  compound,  which  may  be  regarded  as  a  triple  molecule  of 
hydride  of  benzoyl  (C'*H'*0*),  having  2  at.  O  replaced  by  4  at.  I,  is  produced  by  tl.i» 
action  of  hydriodic  acid  gas  on  hydride  of  benzoyL  Two  layers  of  liquid  are  th»T^*'.T 
formed,  the  upper  consisting  of  aqueous  hydriodic  acid  ;  the  lower,  which  is  oily,  of  \u» 
oxyiodide :  the  latter  may  be  purified  by  repeated  treatment  with  water  and  acid  «>i-'- 
pbite  of  sodium.  It  is  then  obtained  as  a  solid  mass,  which  melts  at  28°  C.  aD  J 
crystallises  at  25°  in  colourless  rhombic  plates ;  smells  like  cress ;  dissolves  rea4iil>  id 
alcohol  and  ether,  and  is  insoluble  in  water.  It  may  be  distilled  with  water  witLrut 
decomposition  ;  is  not  decomposed  by  acid  sulphites  of  alkali-metals,  but  is  res<»lved  ly 
alcoholic  potash  into  iodide  of  potassium,  a  small  quantity  of  benzoic  acid,  ai»d  a.a 
oily  body  soluble  in  alcohol,  but  diflferent  from  bitter-almond  oil.  By  ammonia,  it 
appears  to  be  gradually  converted  into  hydride  of  benzoyl  Boiled  with  nit.rat*>  «.■£ 
silver,  it  forms  iodide  of  silver,  and  emits  an  odour  of  bitter-almond  oiL         F.  T.  C. 

BiaiXOIX,  lOBXDa  or.  CH^O.L  (Liebig  and  Wohler,  Ann.  Ch. 
Pharm.  iii.  266.) — Obtained  readily  by  heating  iodide  of  potassium  with  chloride  A 
benzoyl ;  a  brown  liquid  distils  over,  which  solidifies  to  a  crystalline  mass,  colocnd 
brown  by  free  iodine.  When  pure,  it  is  colourless,  lamino-ciystalline  and  read.t'j 
fusible,  always  with  partial  decomposition;  in  solubility  and  general  xeaction&  it  r^ 
sembles  bromide  of  benzoyL  F.  T.  C 

LOT&v  VaSCBXiOXDB  OF.    See  Bbittotl,  Chlobidb  of. 

!X,  SVZiFBZBB  OV.  (C7HK))'S  (Liebig  and  Wohler,  he  cit.) 
— ^When  chloride  of  benzoyl  is  distilled  with  finely-powdered  sulphide  of  lead,  x 
yellow  oil  passes  over,  which  solidifies  to  a  soft  yellow  crystalline  mass.  It  h;is  aa 
unpleasant  sulphurous  smell ;  is  not  decomposed  by  boUing  with  water  or  alcc^n.'L  ai>i 
but  slowly  with  aqueous  potash ;  burns  with  a  bright  smoky  flame,  giving  ofi'  sul- 
phurous anhydride.  F.  T.  (J. 

BXaraoIX  BITLVBOCTASXIIB  OF.    See  Sulphoctakobekztlxkx. 


C'»N'H»«  (Laurent  (1837\  Ann.  Ch.  PhysL  [2]  Ixri. 
187.  Laurent  and  Gerhardt,  Compt  chim.(1860),  116.  Bobson,  Chem.  Soc,  iju. 
J.  iv.  226).  —  A  product  of  the  action  of  ammonia  on  bitter-almond  oiL  It  is  t^i^ 
residue  insoluble  in  alcohol,  obtained  in  the  preparation  of  azohemoyl,  benrhydmn^id*, 
and  dibenzoylimide  (q.  v.)  It  is  a  white  powder,  without  tast^  or  smell,  oonHistiiJg  >'( 
microscopic  prisms.  It  is  insoluble  in  water ;  requires  300 — 400  pts.  boiling  a  <sth<-l 
for  its  solution,  and  at  least  as  much  ether.  Fuses  when  heated,  and  solidified  to  a 
vitreous  mass,  in  which  a  few  oblique  prisms  separate.  When  boiled  with  aleoh<^»l  ami 
hydrochloric  acid,  it  is  slowly  decomposed,  evolving  hydrocyanic  acid.  By  dry  (l>t£- 
lation,  it  yields  an  oil,  then  a  sublimate  of  lophine  and  amarone,  and  finaKj  a 
carbonaceous  residue. 

Gerhardt  (Trait^  iu.  194)  describes  this  body  and  benzhydramide  under  tie 
name  of  hydrides  of  cyanazobenzoyl. 

Quadrat  (Ann.  Ch.  Pharm.  Ixxi.  18),  by  heating  sulphocyanobenzylene,  obtaiDt^J 
a  resinous  mass,-  which,  when  exhausted  with  alcohol,  left  a  crystalline  r^siduf*,  m- 
soluble  in  water,  almost  so  in  alcohol,  to  which  he  assigns  the  formula  C'*H  •^^ 
The  crystals  are  permanent  at  100°  C.  and  are  not  decomposed  by  nitric  acid. 

F.T.a 
See  Benzoin. 

Syn.  with  Benzocarbamzde.    See  Cajbbamzi>& 


.»• 


BENZOYLrRElD— BENZYL,  HYDRIDE  OF. 


57a 


C»H'*NK)«    (Laurent  and    Gerhardt,    Compt  chim. 
1 1  ^60]y  p.  1 19). — Formed  by  the  action  of  urea  on  hydride  of  benzoyl : 

4CH«N«0  +  ZCK*0  -  C«H»N"0*  +  3HH). 

When  5  pta.  powdered  urea  are  heated  to  somewhat  below  100^  C.  with  2  pts.  hydride  of 
benzoyl,  the  mixture  becomes  liquid,  and  shortly  solidifies  to  a  compact  mass.  When 
cold,  this  is  powdered,  tr^ed  from  excess  of  hydride  of  benzoyl  by  etner,  and  of  urea  by 
boiling  with  water,  the  residue,  which  is  dried  at  120^,  is  benzoylureid.  It  is  a  white 
amorphous  powder,  without  smell  or  taste,  insoluble  in  water  or  ether,  soluble  in  alcohol, 
whence  it  separates  on  evaporation  in  amorphous  crusts.  It  turns  yellow  at  170^  C. 
pvea  off  hyaride  of  benzoyl  a  few  degrees  higher,  and  when  further  heated,  yields 
hydride  of  benzoyl  and  ammoniacal  water,  leaying  a  yellow  residue,  which  finally 
volatilises  completely,  and  is  sparingly  soluble  in  alcohoL  When  boiled  with  dilute 
aciilfi,  it  is  decomposed  into  hydride  of  benzoyl  and  urea.  It  is  not  decomposed  by 
l>oiling  ammonia;  slowly  by  strong  boiling  potash,  erolving  ammonia  and  hydride  of 
1  benzoyl,  and  leaving  potas»ic  benzoate  in  solution.  Hydnde  of  nitrobenzoyl  yields 
«itb  urea  a  similar  compound.    (Bertagnini.)  F.  T.  C. 

Syn.  with  Bbnzotl-urxa.    See  Casbaiodb. 

TWy/.    Toluenyl.   C^H*. — A  hypothetical  radicle,  isomeric  with  cresyj, 
contained  in  benzylic  alcohol,  toluene,  and  other  compounds.  F.  T.  C. 

BSMXTK,  OSXiOmXBa  or.  Chloride  of  Tolyl  or  Tolumyl.  ChlorotduoL 
C'lrci  (Cannizzaro,  Ann.  Ch.  Phaim.  IxvxviiL  129;  xcvii.  246.  Deville,  Ann. 
Ch.  Phys.  [3]  iii.  178). — Obtained  by  saturating  benzylic  alcohol  with  hydrochloric 
acid  gTLs  whereupon  heat  is  evolved,  and  the  liquid  divides  itself  into  two  layers,  the  lower 
of  which  is  aoueous  hydrochloric  acid,  the  upper  chloride  of  benzyl.  Or  by  passing  chlo- 
ri  lie  into  hydnde  of  benzyl  in  the  dark,  expelling  excess  of  chlorine  by  a  stream  of 
carbonic  anhydride,  and  rectifying  the  product.  It  forms  a  colourless  liquid,  of  specific 
gravity  1117  at QOC;  boils  atl70o (Deville) ;  1760—176<^  (Cannizzaro);  insoluble 
in  water,  soluble  in  alcohol  or  ether.  It  is  not  attacked  by  aqueous  potash ;  alcoholic 
fvotush  decomposes  it  on  boiling  into  benzylethylic  ether  and  chloride  of  potassium. 
When  boiled  with  an  alcoholic  solution  of  acetate  of  potassium,  it  is  converted  into 
acetate  of  benzyl ;  of  cyanide  of  potassium,  into  cyanide  of  benzyL  When  heated 
in  a  sealed  tube  with  alcoholic  ammonia,  it  yields  tnbenzylamine.  F.  T.  C. 

BBWZT&.  CTAVIBa  OF.  Cyanide  of  Tolyl  or  Toluenyl.  OH'N  «  C'H'.CN^ 
(Cannizzaro,  Ann.  Ch.  Phys.  [3]  xlv.  468). — Obtained  by  boUing  chloride  of  benzyl 
with  a  strong  alcoholic  solution  of  cyanide  of  potassium,  till  no  more  chloride  of 
potassium  separates  out,  and  distilling  the  filtrate  to  remove  the  alcohol  The  residual 
liijuid  sepamtes  into  two  layers,  the  upper  containing  cyanide  of  benzyl,  which  may  be 
obt  ained  from  it  by  rectification.  It  is  a  colourless  liquid,  which,  by  boiling  with  strong 
potash,  is  converted  into  toluic  acid,  C*H'0'.  F.  T.  C. 

BSVXTSb*  BTBBATB  OV.    Syn.  with  Bbmztuc  Alcohol  {q,  v.) 

MMM%Y1h  BTBBSBB  0V«  Hydride  of  Tolyl  or  Toluenyl,  Toluene  or  Toluol, 
Brmoene.  Dracyl  C*H•=.C»H^H.— -Discovered  by  Pelletier  and  Walter  (1887)  in 
the  oily  producte  obtained  in  the  manufacture  of  illuminating  gas  from,  resin ;  first 
exAmined  by  Deville. 

Formed:  1.  By  the  action  of  potash  on  benzylic  alcohol  (Cannizzaro,  Ann.  Ch« 
Pharm.  xc.  252 ;  xcvi  246) : 

3C'HH)  +  KHO  -  C^»KO*  +  2C'H»  +  2HK). 

2.  By  beating  toluic  acid  with  excess  of  lime  (No ad,  ibid.  Ixiii.  306) : 

C»H«0«  «  C*H«  +  C0«. 

3.  By  the  dry  distillation  of  tolu-balsam  (Deville,  Ann.  Ch.  Phys.  [3]  iiL  152,  168 ; 
Muspratt  and  Hofmann,  Ann.  Ch.  Pharm.  liv.  9);  of  dragon's  blood  (Gl^nard 
andBoudault,  Ann.  Ch.  Phys.  [3]  iv.  274);  of  the  resin  ofPinus  ntaritima  (Pelle- 
tier  and  Walter,  ibid.  [2]  Ixvii.  269);  of  Burmese  naphtha  (De  la  Rue  and 
M Tiller,  Proc.  Rov.  Soc  viii.  221);  of  resin-oU  (Couerbe,  Ann.  Ch.  Phys.  [2]  Ixix. 
184};  of  wood  (Volckel,  Ann.  Ch.  Pharm.  Ixxxvi.  334),  and  of  coaL  In  distilling 
roal-tar,  the  portion  which  passes  over  at  100° — 115*^  C.  consists  of  toluene  (Mansfield, 
Chem.  Soc.  Qu.  J.  L  266). — 4.  The  yellow  oil  which  separates  from  ci^ide  wood-spirit 
on  addition  of  water  contains  hydride  of  benzyL     (Cahours,  Compt  rend.  xxx.  319.) 

Prepttrotum. — 1.  When  benzylic  alcohol  is  distilled  with  four  or  five  times  its  volume 
#f  strong  alcoholic  potash  in  an  apparatus  which  allows  the  less  volatile  products  to 
lUD  back  again,  alcohol  first  passes  over,  then  water,  and  finally,  when  the  residue  has 
6«>oome  solid,  a  mixture  of  hydride  and  hydrate  of  benzyl.  This  mixture  lb  distilled 
bj  itacdi;  the  portion  which  passes  over  at  116°  C.  collected  apart  and  shaken  up  with 
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■ulphoric  acid,  the  decant^  liquid  washed  with  pota«8ic  carbonate,  and  twice  reeti£^ 
over  phosphoric  anhydride. — 2.  When  toln-baliiam,  freed  by  distiilation  with  -^aut 
from  toluene,  cnnamein,  and  a  portion  of  the  benzoic  acid  is  subjected  to  dry  di«r.'ia- 
tion,  there  passes  over, — besides  carbonic  oxide  and  anhydride, — water,  abundanr^  ^f 
benzoic,  and  a  little  cinnamic  acid,  a  heavy  oil  consisting  of  a  mixture  ofy*en7.*Vitcofrtlr\ 
(benzoate  of  methyl,  according  to  Musprattand  Scharling),  and  hrdrid**  of  Ivn-^i, 
This  oil  is  distilled,  and  the  portion  which  pass^  over  at  13^ — 140^  6.  repeat4?dlv  rec- 
tified over  strong  aqueous  potash,  and  dned  over  chloride  of  calcium.  K  K'-rp 
^Compt.  chim.  1849,  p.  149)  purifies  the  balsam  by  boiling  with  8odic  carbtTOJit**,  U  (.■ 
the  residue  with  strong  aqueous  soda^  distils  the  brown  solution,  decants  the  oj  w*ji  i 
passes  over  from  the  water  which  accompanies  it,  and  rectifies  it  pepeat«nll>. — 3  T> 
prepare  hydride  of  benzyl  from  coal-tar,  the  ofl  which  comes  over  at  100^ — 120^  C. ;» 
mixed  with  half  its  weight  of  sulphuric  acid  and  rectified,  when  a  product  of  oouirat 
boiling-point  is  obtained.     (Wilson,  Chem«  Soc.  Qu.  J.  iii,  164.) 

Hydride  of  benzyl  is  a  colourless,  very  mobile,  strongly  refracting  liquid,  will  • 
emell  like  benzene,  and  a  burning  taste;  specific  gravity  0*87  at  18°  C.  (D<?TTI1^^^. 
The  boiling-point  is  variously  stated  at  from  103°-7  (Church),  to  114<'  (Oerhard!i, 
vapour-density  3'27  (Devi lie);  does  not  solidify  at— 20°.  It  ia  insoluble  in  v^x^t 
slightly  soluble  in  alcohol,  more  so  in  ether  or  in  fixed  or  volatile  oils.  It  di»3f'.^'« 
most  resins,  also  iodine,  forming  an  amber-red  solution,  and,  when  heated,  KLi^bi:, 
which  crj'stallises  out  on  cooling. 

It  is  not  decomposed  when  passed  through  a  red-hot  tube  filled  with  potash-lkir 
It  bums  with  a  smoky  flame.  With  chlorine,  it  evolves  heat,  and  yields  several  j^a'*^ 
stitution-compounds  (see  below).  With  fuming  nitric  acid^  it  yields  aubstitutiaa-'v  a- 
pounds  (see  below).  It  dissolves  in  fuming  sulphuric  acid^  forming  sulphiWarrL- 
(sulphotoluic)  acid,  and  sulphibenzyl  (sulphotoluol).  It  is  not  attacked  pilhe?  t-j 
potassium  or  hy  potash,  Wnen  digested  with  sodium^  in  a  closed  Tes*tel  for  f^uT*'^: 
days,  it  yields  two  substances,  boiling  respectively  at  97°  C.  and  112°.  (^Churt*. 
PhiL  Mag.  [4]  ix.  266.) 

Svhstituiion-products  of  Hydride  of  Benzyl. 

Devi  lie  (Ann.  Ch.  Phys.  [3]  iii.  178)  enumerates  several  compounds  obtatne«i  U 
the  action  of  chlorine  on  hydride  of  benzyl.  When  the  reaction  takes  place  in  t  * 
dark,  chloride  of  bmzyl  (chlorotoluol)  is  the  product  (se^  Benzyt.,  Gm-ORmE  •'». 
When  chlorine  is  passed  through  hydride  of  benzil  in  bright  dayligrbt,  as  loci:  :♦*  \- 
drochloric  acid  is  evolved,  and  excess  of  chlorine  removed  by  carbonic  anhvL-l- 
hydrochlorate  of  trichlorotoluol,  C'H*C1*  =  C'H*C1».HC1,  is  formed;  when  distflW  .1 
decomposes  and  evolves  hydrochloric  acid.  When  the  action  of  the  pas  is  Ktill  fanh^r 
prolonged,  a  thickish  liquid  is  formed,  together  with  some  crystals.  If  the  liquid  be  ^r^^- 
rat«d,  further  treated  with  chlorine  with  aid  of  heat,  and  purified  by  oarlK»nic  at  -^r- 
dride,  the  product  is  dihydrochlorate  of  pentachlftrotoluol,  C'H*Cr  «  C'H»C*l*.2Hri. 
when  distilled  it  evolves  hydrochloric  acid ;  it  is  soluble  in  ether.  The  crv^tals  ajv  J-^- 
kydrocUorate  ofpentachlorotoliwl,  C'H«Cl«=rC'H'CP.3HCl  they  are  purifiVd  by  r*^Ti- 
tallisation  from  ether,  in  which  they  are  soluble,  especially  with  aid  oi  heat ;  th^^r  ^i^ 
tolourless  when  pure.  When  the  liquid  and  crystals  together  are  distilled  in  a  ff^ari 
of  chlorine,  the  distillate  being  repe^itedly  poured  back  again,  the  whole  is  pr>ir  '.r 
converted  into  a  silky  substance,  abundance  of  hydrochloric  acid  being  ♦rrolvei  .  r  r-> 
substance,  which  is  fuxchlorotoluol  (hydride  of  hexchlorobenzyl),  C^H^Ol*,  is  punt.,  i 
by  pressure  between  filter-paper  and  recrystallisation  from  ether ;  it  is  volatile  wju>  iit 
decomposition. 

Hydride  of  Nitrohimyl.  Nitrotolwl.  C'H'^0««(rH«NO*.H.  (Devil  1  e. /-:. 
eit.;  Gl^nard  and  Boudault,  Compt.  rend.  xix.  606;  Hofmann  and  Musj.  r;*v 
Ann.  Ch.  Pharm.  liii.  220,  224.) — Hydride  of  benzyl  is  added  to  cold  fuming  nitric  o^-^ '. 
as  long  as  it  dissolves  immediately ;  on  adding  water  to  the  red  solution,  hydridf  •  ? 
nitrobenzyl  separates  as  a  red  liquid,  which  may  be  decolorised  by  washing  witj 
water  and  repeated  distillation.  It  is  a  nearly  colourless  liquid,  smelling  of  bjtf^: 
almonds,  with  a  very  sweet  and  afterwards  pungent  taste;  specific  (n^^vitv  li>^  't 
16<^-6  C. ;  vapour-density  495 ;  boils  at  2260—230°  C.  Readily  soluble  in  uJcvj  ijI  i 
ether.  It  is  partially  decomposed  by  distillation,  completely  when  ])a8sed  at  a  h  i^b  t«  rv 
peratxure  through  a  red-hot  tube  filled  with  pieces  of  glass.  It  burns  with  a  Km-  kt 
flame,  emitting  the  odour  of  gum-benzoin ;  when  passed  over  red-hot  boirto,  it  ii»  re- 
solved  into  phenylamine  and  carbonic  anhydride.  With  fuming  sulphuric  aciii  it  f>  nc« 
nitrosulphotoluic  acid  (Church).  Aqueous  potash  dissolves  it>  forming  a  red  soluti  •■xi 
whence  hydrochloric  acid  precipitates  a  brown  powder ;  with  alcoholic  [)ota«ih  it  ta-m-^ 
a  black  liquid,  whence  a  reddisn  oil  containing  phenylamine  is  obtained  by  diatir.ntiOfl. 
Boiled  with  alcoholic  sulphite  of  ammonium,  it  forms  thiotoluate  of  ammoniuxiL 
With  sulphide  of  ammonium,  it  yields  benzylamine. 
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Bpdridt  of  Dinitrobengyl,  Dinitrotoluol.  CH-NK)*  -  C'H»(NO«).«H.  (De- 
1^,  loc,  cit. ;  Cahoara,  Oompt  resd.  xziy.  6^5.)— Obtained  bj  boiling  hydride  of 
ixy  1  with  fuming  nitric  acid,  or  treating  it  with  nitrosnlphnric  add.  It  cxystallises 
ni  alcohol  in  luatrouB,  hard,  brittle,  prismatic  needles,  which  ipelt  at  71°  C.  and 
idify  to  a  radiated  mass.  It  boils  at  300^,  becoming  coloured,  and  leaving  a  resi- 
ts :  when  strongly  heated,  it  yields  a  sablimate.  It  is  sparingly  soluble  in  water. 
i:§^  not  attac-ked  by  faming  nitric  acid.  Its  solution  in  potash  deposits  a  brown 
wder  on  addition  of  hydrochloric  add.  Su^hide  of  ammonium  conTerts  it  into 
robenzylamine.  F.  T.  C. 


I  or.  CTE'L  (Cannizzaro,  1854.)— When  a  solution  of 
nzylic  alcohol  in  bisulphide  of  carbon  is  mixed  with  a  solution  of  phosphorus  in  bi- 
Iphidn  of  carbon,  iodine  gradually  added,  and  exces«  of  bisulphide  distilled  off, 
liquid  is  obtained,  which  irritates  the  eyes,  and  is  probably  iodide  of  ben^l. 

¥.  T.  C. 


Toluidine*  CHW  «  N.CTH^.H*.  (Muspratt  and  Hof- 
ann  (1846),  Ann.  Ch.  Phamu  liy.  1 ;  Noad,  ibid,  IxiiL  305;  Hofmann,  ibid.  Uvi 
14  ;  Wilson,  Chem.  Soc  Qu.  J.  iii.  154;  Chautard,  J.  Pharm.  [3]  xxiv.  166.)— 
ormed  by  the  reduction  of  hydride  of  nitrobenzyl  by  sulphydric  add  (Mus- 
ratt  and  Hofmann^ :  or  by  the  action  of  potash  on  the  yellow  resin  obtained  by 
eating  oil  of  turpentine  by  nitric  acid.     (Chautard.) 

Preparation. — 1.  A  solution  of  hydride  of  nitrobenzyl  in  alcohol  saturated  with 
mmonia,  is  treated  with  sulphuretted  hydrogen  till  it  smells  strongly  of  the  gas,  eren 
fter  loug  standing :  sulphur  then  ciystalliees  out.  The  reaction  is  accelerated  by  the 
pplication  of  heat,  but  the  decomposition  is  never  complete.  The  product  is  mixed 
ith  water  and  hydrochloric  add,  and  shaken  up  with  ether  to  remove  undecomposed 
ydride ;  it  is  then  evaporated  to  4,  and  distilled  with  potash,  when  water,  ammonia, 
iid  benzylamine  pass  over,  the  last  as  a  heavy  oil,  which  soon  crystallises.  The 
rhole  distillate  is  saturated  with  oxalic  add,  evaporated  to  diyness  on  the  water-bath, 
nd  exhausted  with  boiling  absolute  alcohol,  which  dissolves  only  the  oxalate  of  benzyl- 
mine,  which  oystallises  on  cooling.  The  oystals  are  washed,  dissolved  in  boiling 
rater,  and  the  solution  decomposed  by  strong  potash,  when  benzylamine  separates  in 
ily  dmpe,  which  collect  and  crystallise  into  a  radiated  mass  on  cooling :  it  is  purified 
►y  washing  and  one  rectification,  or  by  crystallisation  from  ether. — 2.  The  resin  ob- 
ained  by  treating  oil  of  turpentine  with  nitric  add,  is  gradually  mixed  with  aqueous 
yotash ;  the  mixture  assumes  a  dark-brown  colour,  and  becomes  hot,  and  when  the 
traction  has  ceased,  it  is  distilled  as  long  as  alkaline  vapours  pass  over.  The  dis- 
illate  is  supersaturated  with  hydrochloric  add,  evaporated  to  dryness  over  the  water- 
^ath,  and  exhausted  with  absolute  alcohol,  which  dissolves  hydrochlorate  of  benzyl- 
imine,  and  leaves  sal-ammoniac  undissolved. 

Benzvlamine  cr^allises  from  dilute  alcohol  in  large  colourless  laminse,  which  are 
tparingly  soluble  in  cold,  more  readily  in  boiling,  water:  readily  in  alcohol,  ether, 
Kood-spirit,  acetone,  fixed  and  volatile  oils,  and  bisulphide  of  carbon.  It  smells  like 
phenylamine,  and  has  a  burning  taste.  It  evaporates  at  ordinary  temperatures,  melts 
nt  40^  C.  to  a  colourless,  stron^y-refracting  oil,  and  boils  at  198i^.  It  is  heavier  than 
water ;  slightly  blues  red  litmus,  but  does  not  redden  turmeric ;  colours  fir-wood  deep 
yellow,  but  does  not  give  thepurple  colour  of  phenylamine  with  chloride  of  lime,  but 
only  a  faint  reddish  tint  With  nitric  add  benzylamine  gives  a  deep-red,  phenyla- 
mine a  deep-blue,  colour. 

Bromine  acts  on  benzylamine  violently :  when  the  product  is  heated,  shining  needles 
sublime,  insoluble  in  water,  soluble  in  alcohol  and  ^er, — probably  tribromobemi/la' 
It  is  decomposed  by  boiling  with  strong  nitric  acid,  with  evolution  of  nitrous 


mine. 


fumes;  water  added  to  the  solution  precipitates  yellow  flakes,  which  dissolve  in 
alkalis,  and  are  repredpitated  by  adds.  With  aqueous  chromic  acid,  it  gives  a  red- 
brown  predpitate.  When  its  vapour  is  passed  over  fused  potassiuThy  vivid  combus- 
tion takes  place,  and  potassic  cyanide  is  formed.  Cyanogen  passed  into  its  alcoholic 
solution,  yields  cyanobenzylamine  (see  below).  —  With  chloride  of  cyanogen  it 
forms  melobenzylamine  (metoluidine)  (see  below.)  With  bromide  or  iodtde  of 
ethyl,  it  yields  benzylethylamine  (see  below). 

ComUnatione.  1.  With  Aoins. — Benzylamine  combines  with  adds,  forming  crys- 
talline salts,  which  are  mostly  inodorous  and  colourless,  but  quickly  become  rose- 
roloured  when  exposed  to  the  air :  they  are  decomposed  by  alkalis  or  alkaline  carbonates, 
b^'nzylamine  being  separated  as  a  crystalline  curd.  The  chloraurate,  AuCl'C^H**N, 
srparatcs  as  a  thick  precipitate,  which  soon  H^gr^^tes  to  a  crystalline  mass,  when  the 
hydrochlorate  is  mixed  with  trichloride  of  pola :  it  melt»  in  water  at  50*^ —  60°C.,  dis- 
«olvett  when  further  heated,  and  crystallises  on  cooling  in  fine  yellow  needles.  The  chloro- 
pladnate,  2(C*H*N.HCl).PtCl*,  separates  as  an  orange-yellow  crystalline  pulp,  when  the 

*  Benxylatnine  fomed  hjr  beatinc  beoiyl  chloride  with  alcoholic  amnonia  ii  Icomeric,  not  iden- 
tical, with  tolutdine,  the  c<iropoiiod  described  in  this  article  (see  v.  867,  and  SurrLiMBNT,  p.  9SI), 
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B  mixed  with  TncUorida  of  platinou :  it  U  v*ali«d  witli  ttha 
watei^bitb.  The  chlompaUadaU  in  eimilM'  in  appeaiBSce.  Tl 
NCI,  ia  daposited  id  wbite  dyitallitie  sciJm,  b«coRuis  jt 
',  UP,  when  a  wjlntiDn  of  beniyianiinB  in  h  jdrochloric  arid  h  ci 
is  reftdil<r  aolnble  in  wat«r  or  alcohol,  Eparinglj  in  eths.  fbn 
a  gently  heated,  it  Bubllmea  like  aal-ammoniac^  Th«  nttraU,  p. 
g  cmtiJliKible.  The  acid  oxalalr,  C*0<.CB'*N.H  t  ^Atb  >■ 
alcoholic  aolation  of  bemylamine  with  eEG«  of  oxalic  add.  in 
oluUe  in  boiling  water  or  alcohol,  insolable  in  ether.  The 
i«  obtained  when  a  few  drop*  of  aulphurie  acid  are  added  to  as 
Ejlamiue,  aa  a  wbiM  cryatalline  precipitate,  which  maj  be  wu 


Boowt;  Cyanobfniylamine;  ( 
xri/.  Chem.  Sot  Qn.  J,  i.  170,)— 
an  of  benijUmine,  the  red-brown 
H,  whence  hydrochloric  acid  eitr 
otaah  &om  the  hydrochloric  acii 
Ine,  which  it  eloaety  roemblu, ' 

/n«.iiR  Mttolmdine.  C"H"N 
IS  Taponr  of  chloride  of  cyanogt 
,  and  a  reainoaa  maaa  obtained,  (x 
iMolTed  in  water  acidulated  with 
id  the  white  precipitate  thus  proda 
nun  alcohol.  Cryalidline  lamime, 
water;  cirstallisea  best  from  a  r 
ochloric  acid :  the  solution  gives 
ite  of  cUoToplatinatt,  which  ia  ir 
"  C.    It  ia  homologoui  with  meli 

Secondary  and  TrrHary  Aminr. 
tlamini.  Ethgltotuiditie.  C*H" 
>c.  Qn.  J.  vii.  6B.) — Benijlamine  ii 
three  days  in  a  «Ht«r-bath ;  the  f 
ting  oil.  which  is  hydriodate  of  h 
diatillate  rectified  over  solid  potsa 
traritf  09331  at  1G°*S  C. ;  boila  a 
ne  compound,  soluhlo  in  water  o 
md  ii  decompoaed.  The  ondale 
kftamiar.  Diithyltolaidint.  C 
nner  aa  the  foregoing  compound,  I 
L  colourleea.  odonins  oil :  epeciflc  ^ 

le  when  touched  with  a  glaaa-rod; 
a  the  air,  or  in  contact  with  alcohol. 

(iyiiant.  C"H^  -  N.CH'.(C^')'.— Known  only  in  cofr 
hmi  beaiyldiethylxmine  ia  heated  wiUi  iodide  of  ethyl  to  IOC 
cryatals  are  farmed  aod  eiwea  of  iodide  of  ethyl  is  remored 
r  ^  bmryltri/thfliun  remains  ns  a  heay  o<l-  l'^  "  d(c 
h  oxide  of  sUrer,  yielding  a  solution  of  kydralf  uj  bmxyltn 
H.O,  which  is  strongly  alkaline,  baa  a  bitter  taate,  and  pn 
lalta.  The  cAloroptalinaii  is  inaolable  in  cold,  soluble  in  hr 
allisea  in  fine  needles ;  it  loeee  platinum  on  reerystallisation. 
Uninf.  mroMuidine.  C'H'N'O' -  N.CH'NO'^H'.  (C 
[X.  320.) — Formed  by  the  action  of  aolpfaide  of  ammoniam  on 
le;  it  crTBtalliaea  in  yellow  needlea,  formB  d(£nita  compcnu 
lone,  sulphuric,  and  phosphoric  acids :  yields  -"'*'""■'*—  ' 
uene  and  cnmyl. 

mine.  C7'H''N  -  N.(C'Hn'.  (Catmisiiro,  Cimrato,  iii. 
if  brasyl  ia  heated  with  alcoholic  ammonia  to  100°  Cin  ktea 
'  '~*[>  the  cooled  product,  the  rosolttng  preeipitnt«   exbaot' 
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partial  decomposition.  It  if  sparingly  soluble  in  cold  water  or  alcohol,  more  so  in  boil- 
ing alcohol  still  more  in  ether,  formii|ff  alkaline  solutions.  The  hydroehloraU  crystal- 
iiae«  in  needles  from  hot  water.    The  ^loroplatinate  forms  orange-needles.      F.  T.  C. 

anSTIAra.  CH*.— A  hjpothetieal  diatomic  radicle,  of  which,  according  to 
Wicke  ^Ann.  Ch.  Phann.  di.  356.)  Cahouis'  chlorobenzol  is  the  chloride.  It  hsa' 
not  been  isolated ;  neither  has  ita  hrdrate  (benzylenic  or  benzolic  alcohol,)  CH*. H'.O', 
nor  its  oxide  (benzylenic  ether)  (TIPO  been  obtained ;  the  reason  assigned  by  Wicke 
being  that  the  former  readily  deoomposeai,  yielding  water  and  the  latter  compound, 
whidi  in  turn  is  readily  conyerted  into  its  isomer,  hydride  of  benzoyl.  Seyenu  com- 
pound ethers  hare,  howerer,  be«a  obtained,  representing  the  alcohol  in  which  the 
2  atoms  of  basic  hydrogen  are  replaced  by  positive  or  nesatiTe  organic  radicles  (see 
BuczTXJonc  Etbbbs).  Hydrobenzamide  C*'H>*N',  should  probably  be  regarded  aa  a 
lertiaxy  diamine  containing  this  radicle.     N*(CH*)".  F.  T.  C. 

mmmKTUamm,  CKXiOBTBB  or.  chlorobenzol,  CRKHK  (Cahours  (1848), 
Adu.  Ol  Phys.  [3]  xxui.  129.  Wicke,  Ann.  Ch.  Phann.  di  366.)— When  hydride  of 
benzoyl  is  brought  into  contact  with  a  slight  excess  of  pentachloride  of  phosphorus,  a 
lively  action  takes  place;  and  if^  when  this  is  oyer,  a  genUe  heat  be  applied,  ozychloride 
Df  phosphoms  distils  oyer  at  about  110^  C,  and  chloride  of  benzylene  at  about  206^. 
The  latter  is  waahed  with  water,  dried  oyer  chloride  of  calcium,  and  rectified.  It  is  a 
colourless  liquid,  smelling  £untly  in  the  cold,  but  strongly  when  heated ;  insoluble  in 
water,  soluble  in  alcohol  or  ether:  specific  gravity  1*245  at  16^:  vapour-density 
(expt)  6*595 ;  boils  at  206° — 208°.  It  is  not  oxidised  by  exposure  to  tne  air,  or  to 
oxygen.  When  heated  in  a  water-bath  with  alcoholic  potash^  more  slowly  with 
aqueous  potash  to  100°,  in  a  sealed  tube,  it  yields  chloride  of  potassium  and  hydride 
of  benzoyl  Apimonia,  whether  dry,  aqueous,  or  alcoholic,  does  not  act  upon  it  in  the 
cold:  when  heated  in  a  sealed  tube  to  100°  with  an  ammonia-solution,  it  yields 
chloride  of  ammonium,  and  bitter-almond  oiL  It  is  not  attacked  by  diy  cyanide  of 
potassium  at  100°.  Heated  with  alcoholic  sulphocyanaU  of  potassium  to  100°  in  a 
sealed  tube,  it  yields  chloride  of  potassium,  and  an  oil  smelline  like  oil  of  mustard. 
Alcoholic  nitrate  of  silver  deprives  it  of  all  its  chlorine,  hydride  of  benzoyl  being  formed. 
Alcoholic  hydrosulvhate  of  potassium  converts  it  into  sulphide  of  benzylene. 

Oerhardt  (Traits,  iii.  167)  r^ns^  this  compound  as  hydride  of  benzoyl  in  which 
oxygen  is  replaced  by  chlorine :  Wicke,  however,  shows  conclusively  that  it  possesses 
Done  of  the  properties  of  an  aldehyde.  F.  T.  C. 

aawST&Wa,  m^namxam  or.  Sulphobenzol,  CH'S.  (Cahours,  loc.  cit.) 
—  Formed  by  the  action  of  alcoholic  sulphydrate  of  potassium  on  chloride  of  benzylene, 
and  recrystamsed  from  boiling  alcohol,  in  which  it  is  readily  soluble.  White  pearly 
scales,  insoluble  in  water,  which  melt  at  64°  C.  and  crystallise  on  cooling :  when  frirther 
heated,  it  is  partly  volatilised,  and  partly  decomposed.  It  is  oxidised  even  by  dilute 
nitric  acid,  with  n>rmation  of  sulphuric  acid,  and  a  substance  soluble  in  alkalis,  which 
crystallises  in  shining  yellow  scales.  F.  T.  C. 

aanriiBWa-rsamnULinn.  BemosylaniUde.  StUbylaniline.  C"H"N- 
N.C^«.C^».  ^Laurent  and  Gerhardt,  Compt.  chim.  1860, 117.)— When  perfectly 
dry  hydride  of  benzoyl  is  mixed  with  about  its  own  volume  of  perfectly  dry  phenyl- 
amine,  water  separates  out,  and  a  crystalline  mass  forms  after  a  time  (sometimes  not 
until  water  is  auded) :  this  is  pressed  between  filter-paper,  and  reciystallised  from  hot 
alcohol,  or  purified  by  rectification.  It  forms  beautiful  shining  lamina^  without  taste 
or  smell,  insoluble  in  water,  soluble  in  alcohol  or  ether.  It  is  easily  fusible,  and  boils 
at  a  veiy  hiffh  temperature  without  decomposition.  Bromine  acts  with  violence  on  its 
alcoholic  solution,  forming  after  a  time  crystals  of  tribromophenylamine.  With  cold 
faming  nitric  acid^  it  forms  a  dark-green  solution,  whence  water  precipitates  hydride 
of  benzoyl,  nitrate  of  phenylamine  remaining  in  solution :  sulphuric  acid  decomposes 
it  in  a  similar  manner,  forming  a  yellow  solution.  It  becomes  liouid  by  contact  with 
aceiic  or  Hydrochloric  acid :  the  latter  dissolves  it  on  boiling,  without  decomposition. 
It  is  scarcely  attacked  by  boiling  potash.  F.  T.  C. 

[O  STBSSS.    Salts  or  ethers  of  Benzyl^e.    (Wicke,  loc.  cit.) 


a.  Ethers  containing  a  Pmtiffe  Radicle, 

Metbtlbkkztlbkic  Ethbb.  Methylate  of  BensyUne.  C»H'«0«  -  C'H«.(CH*)»0«. 
—  A  mixture  of  1  at  chloride  of  benzylene  with  a  solution  of  2  at.  sodium  in  abso- 
lute methylic  alcohol,  is  heated  for  some  hours,  when  chloride  of  sodium  separates  in 
abundance;  the  methylic  alcohol  is  distilled  of^  and  the  residue  mixed 'with  water, 
when  the  ether  rises  to  the  surface,  and  is  removed  with  a  pipette,  dried  and  rectified. 
It  is  a  transparpnt,  colourless  liquid,  heavier  than  water,  with  a  pleasant  smell  like 
that  of  geraniums;  insoluble  in  water,  soluble  in  wood-spirit,  alcohol,  or  ether.  It 
boils  at  208°  C,  leaving  a  brown  residue  arising  from  decomposition. 
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BrHTLBKNzrLnwio  Etrbb.  Etkylate  of  Benzylene,  C'"H»«0'  =  C^^C^^fXT.^ 
Prepared  preciselj  like  the  foregoing  oompoand,  ethylic  being  subetitiiied  for  merhvli^ 
alconol.    ft  boils  at  222^  C. :  in  other  respects  it  resembles  the  methyl-coinpaiuid. 

AMTLBEfZTLHNic  SiHBB.  AmyloU  of  Bmsyletu,  C*'H»0«  -  C'H»(C*H' »)=.(>=.— 
Prepared  Uke  the  preceding  oompoonds :  but  the  ether  mnst  be  se^nriit^  bj  frscti^^ 
distillation,  not  by  addition  of  water.  It  is  a  slightly  yellowish  oil,  smelling  like  fcj^i* 
oil,  and  lighter  than  water :  it  boils,  not  without  considerable  decomposition,  akcoLt 
292°  C. 

b.  Ethers  containing  Arid  Sadicks: 

The  only  one  of  these  which  has  been  obtained  perfectly  pnre,  and  in  the  ct7^i&UIl.« 
form,  is 

AcmoTODarLsmc  Ethbe.  AcetaU  ofBeneyUne,  C"H"0*  »  <rH<.((^HK))*.<> — 
1  at.  ehloride  of  benzylene  is  tritnmted  with  rather  more  than  2  at.  dry  acetav  cf 
silver,  and  the  mixtnre  heated  Tery  gently  in  a  flask;  the  reaction  is  so  TiotfAt  Ua\ 
it  is  well  not  to  nse  more  than  10  grm.  silver-salt  at  a  time.  The  prod  net,  when  c^<A. 
is  repeatedly  ertracted  with  ether ;  the  extracts  are  distilled  in  the  water-batb ;  az-i 
the  yellowish  oily  residue  is  washed  with  weak  soda-solation  and  with  water,  tLvii 
redisBolved  in  ether,  and  left  to  evaporate.  A  viscid  oil  is  thos  obtained,  in  w..  rii 
erystals  gradually  form,  until  at  last  it  solidifies  completely.  It  forms  small  whit^  ntu  n  1 1.4 
CETstals,  belonging  to  the  monoclinic  system,  insoluble  in  water,  soluble  in  alco  ■  ioi  •  r 
ether,  whence  it  separates  on  evaporation  as  an  oil,  which  often  does  not  ciy^t^Iise  t  II 
agitated.  It  melts  at  86^  C,  and  crystallises  on  oooUng:  begins  to  boil  at  li^O^,  t-i£ 
temperature  gradually  rising  to  240^  ,  and  yields  a  distQlate  consistiiig  of  acetic  an- 
hydride and  hydride  of  benzoyL  Heated  with  aqueous  potash  or  dilute  sulphan; 
acid,  to  100°  in  a  sealed  tube,  it  is  converted  into  acetic  add  and  hydride  of  ben^oy.: 
with  aqueous  ammonia  under  the  same  circumstances,  it  yields  aoetamide  and  hv  ir>-- 
benzamide. 

BsMSOBBinnrLENicETHBR.  BcnzoaU  of  Benzylene,  C"H*«0*  «  C'H«.(CTIH:>>2  (T  — 
Chloride  of  benzylene  acts  violently  on  bensoate  of  silver,  with  evolution  of  beat :  f  >v 
ethereal  extract  of  the  product  yields  on  evaporation  a  viscid,  brown,  non-cryslaJli^aK  • 
mass.  With  alcoholic  potash  it  forms  immediately  a  solid  mass  of  potaasic  benz>  ai--, 
mixed  with  hydride  of  benzoyL 

SuociNOBENZTLKNic  Ethbr.    Succinate  of  Benrylene.  C"H»*0«  =  C*H»  OH^CH.O 
— ^Prepared  like  the  foregoing  compounds:  its  ethereal  solution  is  de<x>mpoE4id  br 
evaporation  or  by  washing  witii  dilute  soda,  into  succinic  acid  and  hydride  a£  bezizr<j.l 

SvLPHOBSNZTLBNio  Etheb.  Svlphate  of  BenztfUm,  CH^0*=C*H^SO'.O'.— l^rv- 
pared  in  the  same  manner.    It  is  a  red-brown,  non-crystallisable  oiL 

Valbbobknztlenio  Ethbb.  Valerate  of  BemyUne,  C»'H»K)*  =  <7H«.(C»Hn^>-=«^ 
— Obtained  like  the  acetate.  On  evaporating  its  ethereal  solution,  it  remains  a«s  a  thick, 
yellow,  non-crystallisable  oil,  which  is  decomposed  by  distillation  into  valerianie  acid 
and  hydride  of  benzoyL 

Chloride  of  benzylene  acts  so  violently  on  oxalate  of  silver,  that  no  definite  proiact 
can  be  obtained.  F.  T.  C. 

(See  BENznaifiNB.) 

bT&XO  A&COBO&.  HydraU  of  Benzyl,  Benzoic  Alcohol,  T^^'r.'  r 
Alcohol.  C'H"0==CH'.H.O.  (Cannizzaro  ri853J,  Ann.Ch.Phanii.]xccviiLl29;  ic. 
252;  xcii.  113;  xcvi.  246;  Scharling,  ibid,  xcvii.  168.) — ^Formed:  1.  By  theactk-Q 
of  alcoholic  potash  on  hydride  of  benzoyl: 

2C'H«0  +  KHO  «  CHH)  +  CH^O* 

When  a  mixture  of  pure  hydride  of  benzoyl  with  its  own  volume  of  absolute  ale^hrl  w 
mixed  with  3 — 4  vols,  alcoholic  potash,  of  roedfic  gravity  1*02,  heat  is  evolved,  and  t^* 
whole  solidifies  to  a  crystalline  magma.  The  potassic  benzoate  is  dissolved  out  v^it-i 
hot  water,  the  alcohol  distilled  off,  the  residue  mixed  with  water  till  it  be^rins  to  ^^ 
turbid,  and  then  shaken  up  with  etlier.  The  brown  oily  residue  obtained  bv  fm- 
porating  the  ethereal  solution,  is  dried  over  fused  potash,  and  repeatedly  rroti£'j<i— 
2.  When  acetate  of  benzyl,  obtained  by  boiling  chloride  of  benzyl  with  alcahclio  ».*>« 
tate  of  potassium,  is  boiled  with  strong  alcoholic  potash,  and  the  alcohol  ditftilled  •  1?' 
the  residual  lic^uid  separates  into  two  layers,  the  upper  of  which  contains  b(*c.>.  - 
alcohol,  which  is  separated  by  fractional  distillation. — 3.  Scharling  baa  shown  tV^t 
the  substance  known  as  peruvin,  obtained  by  the  action  of  potash  on  cinnameic,  :« 
benzylic  alcohoL 

It  is  a  colourless,  strongly-refracting  oil,  with  a  faint  pleasant  smell  t  specific  '^^  W 
1-061  at  140-4  C,  1063  at  0°  (Kopp):  vapour-denaity  (expt)  3-85 :  boib  al  'Ju^)  k 
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iTider  preflsan  of  761*4  ram.  (Kojip).    It  is  insoluble  in  wster:  soluble  in  all  pio- 
H'krtioiLS  in  aloobol,  ether,  acetic  acid,  or  bisulphide  of  carbon. 

When  its  Tapoar  is  passed  through  a  red-hot  tube  filled  with  spongr  platinum,  ben- 
'ene  with  other  compounds  is  formed.  It  is  oonTerted  into  hy^Me  of  benzoyl  by 
*'*y:9^^  in  prosence  of  iJatinum-black,  or  by  nitrie  aM :  aqueous  ekramie  acid  converts 
t  into  bensoie  acid,  mth  strong  sulphuric  aeid^  pkosph<me  anhydride^  or  chloride  of 
'inc,  it  yields  a  brown  resin,  insoluble  in  water,  aloohol,  or  ether  (probably  stilbene). 
i*''uAed  lirie  anhydride  oonTerts  it  at  100^ — 120°  C.  into  benzylio  ether,  at  a  higher 
^mperatore  into  stilbene  (or  benzylene  ?) :  with  fluoride  of  boron,  it  yields  the  same 
jroduct.    Distilled  with  strong  alcoholic  potash,  it  yields  hydride  of  bensyl  {a.  v,) 

RT.  C. 

savXT&IO  WewaaL  Q^*B}^0  -  {Cmrf.O.  (Cannizzaro,  Ann.  Ch.  Pharm. 
cciL  116.) — Fused  and  pulrerised  boric  anhydride  is  mixed  into  a  paste  with  benzylie 
Ucohol ;  the  mixture  is  heated  for  some  hours  to  120° — 126°  C. ;  and  the  resulting  hard 
I  »rown  mass  is  treated  with  water  and  a  solution  of  alkaline  carbonate^  when  a  greenish- 
brown  oil  rises  to  the  sur&ce.  When  this  is  distilled,  benzylie  aloohol  passes  over  below 
3O0°,  and  bensylic  ether  at  300° — 316° :  the  residue  contains  stilbene;  Benzylie  ether 
is  a  colourless,  slightly  fluorescent  oil,  boiling  at  300° — 316°.  When  heated  abore  its 
^)oiling-point|  it  becomes  yellow  and  is  decomposed,  yielding  resinous  stilbene,  hydride 
Df  benzoyl,  and  a  li^ht  oil,  which  is  probably  hydride  of  bemnrL  With  phosphoric 
anhydride  or  sulphuric  acid,  it  yields  the  same  product  as  benzylie  aloohoL 

Ethyl-hengylio  Ether.  C•H»*0»(rH^C«H^O.  (Cannizzaro,  Cimento,  iiL  397.) 
— Chloride  of  benzyl  is  distilled  upwards  with  alcoholic  potash,  and  the  resulting  liquid  is 
decanted  from  the  chloride  of  potassium,  and  mixed  with  water,  when  it  separates  into 
two  layera :  the  upper  of  the^e  is  distilled,  and  the  portion  which  comes  oyer  at  186°  C. 
dried  over  chlori^  of  calcium  and  rectified.  Colourless,  mobile  liquid,  with  a  pleasant 
emell ;  lighter  than,  and  insoluble  in,  water :  boils  at  186°. 

For  the  compound  benzylie  ethers  containing  acid  radicles,  see  Acbtio  and  Bbnzoic 
Acids.  F.  T.  C. 


A  hydrated  sesqiiiphosphate  of  iron  occurring  at  St  Benigna  in  the 
circle  of  Berann  in  Bohemia,  togetner  with  cacoxene  and  Dufrenite.  It  forms  ra> 
dinted  or  laminar  masses,  with  p^ect  deavage  in  one  direction ;  imperfect  at  right 
angles  to  the  first    Specific  grarity  2*878.    Hardness  2-0  to  2*6.     Bather.brittle. 

MWSaMMBXMM»  C**H*'NO^  An  organic  base  disooTered  in  I837f  by  Buehner 
(Ann.  Ch.  Pharm.  xxiv.  228),  in  the  root  of  the  barberry  (Berberis  frdgarie)^  and 
since  found  in  other  species  of  Berberis  growing  in  Mexico  and  in  India.  It  has  also 
been  obtained  by  Bodeker  (Ann.  Ch.  Pharm.  Ixvi.  384  ;  Ixix.  40),  from  colombo- 
xoot  (Cocxulus  palmatue) ;  by  Perrins  (Chem.  Soc  J.  xv.  339),  from  the  colombo- 
xoot  of  Ceylon  and  sevenl  oUier  sources  {Menispermum  feneeiralum) ;  and  by  Sten- 
house  (Pharm.  J.  Trans,  xiv.  456),  from  a  yellow  bark  used  as  a  dye  by  the  natires  of 
Abeocouta  in  West  Africa.    (See  Affbndix  t.  1088,  and  STJFPI.KMKMT,  p.  339.) 

PrrpartUion,  a.  From  Barberry-root. — The  root  is  exhausted  with  boiling  water; 
the  extract  concentrated  by  evaporation,  and  treated  with  warm  alcohol  of  82  per 
cent;  the  solution  filtered;  the  greater  part  of  the  alcohol  distilled  off;  and  the 
residue  left  to  itself  in  a  cool  place.  Yellow  crystals  of  berberine  are  then  deposited, 
and  may  be  purified  by  reciystalliBation  f^m  boiling  water  or  alcohol  The  root  con- 
tains about  1*3  per  cent  of  berberine.    (  Bu  chner.) 

b.  From  Colombo-root.  —  The  dried  alcoholic  extract  of  the  root  is  tzeated  with  hot 
water;  the  filtered  solution  neutralised  with  hydrochloric  add;  and  the  liquid  again 
filtered,  treated  with  excess  of  hydrochloric  acid,  and  left  at  rest  fbr  some  days.  It 
then  deposits  a  erystalUne  sediment  of  hydrochlorate  of  berberine,  which  is  dissolved 
in  a  small  quantity  cf  alcohol  and  reprecipitated  by  ether  (Bodeker).  For  fbrther 
purification,  the  hy<bochlorate  is  oonyerted  into  a  sulphate ;  this  salt  is  reciystallised 
and  dried  at  100°  C. ;  the  aqueous  solution  decomposed  by  baiyta-water ;  the  excess  of 
baryta  removed  by  passing  a  stream  of  carbonic  add  through  the  liquid,  then  filtering 
evaporating  nearly  to  dryness,  and  digesting  the  residue  in  alcohol  The  alcohohe 
solution  Ib  then  predpitated  by  ether,  and  the  predpitated  berberine  rectystallised 
ftxjm  water.  The  same  mode  of  purification  may  be  adopted  with  berberine  obtained 
from  barberry-root    (Fleitmann,  Ann.  Ch.  Pharm.  xxiv.  228.) 

Properties,SmiJl  sQky  needles  or  concentrically  grouped  prisms  of  a  light  yellow 
colour.  Odourless,  but  has  a  strong  and  persistently  bitter  taste.  Sparingly  solubla 
in  water  and  alcohol  idien  cold ;  easily  at  the  boiling  heat ;  insoluble  in  ether.  Oili^ 
both  fatty  and  volatile,  dissolve  it  in  small  quantity. 

Accoiding  to  Fleitmann  the  crystals  heated  to  100^  C.  give  off  19*36  per  c«nt  (6  at) 
water  of  crystallisation,  and  the  residue  contains  66*7  to  67*4  carbon,  and  6*6  to  6*7 
hydrogen,   agreeing  nearly  with  the  formula  C«'H"N0».JHH),  or  C^H^*NG^*HO. 
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The  remaining  water  cannot  be  expelled  without  further  «leoompositli»n.  Fl'^nuT-t 
Bupposea  that  the  anhydrous  salta  of  berberine  coniiiin  the  prr^up  C*'/P'S<^  .v«.fc  - 
ciat«d  with  acids:  e.g.  the  hydrochlorute  «  C*^H^''y(^MCl.  This  jnmioU  i*, 
however,  by  no  means  probable.  Gerhardt  suggested  O'H'^NO*.  hut  Ptrrintt.  i.r 
the  analysis  of  several  salts  of  berberine,  has  shown  that  the  true  formula  of  ihc  Lj*. 

is  C-^H'^NO*. 

Berberine  melts  at  120®  C.  to  a  resinous  mass,  without  loss  of  weight.  Betw^^^n  Uw  ^ 
and  200®  C.  it  gives  off  yellow  odorous  vapours,  which  condense  into  a  iwlid  \>*iy  iri- 
soluble  in  water,  but  very  soluble  in  alcohol,  and  leaves  an  abundjint  residue  of  chopcr*  . 
Ammonia  colours  berberine  yellow-brown,  and  dissolves  it  in  nearly  the  Ktmc  pT'>i*.r- 
tions  as  water.  Berberine  boiled  with  caustic  potash-ley  melis,  and  is  convert**"!  in%. 
a  resinous  substance,  sparingly  soluble  in  water,  easily  in  alc**hol.  Accorriinp  to 
Bodeker,  berberine  distilled  with  milk  of  lime  or  hydrate  of  lea«i,  yteUi.^ 
chinoline. 

The  salts  of  berberine  are,  for  the  most  part,  sparingly  soluble  in  wat«r ;  manj  uf 
them  may  be  prepared  by  treating  the  hydroohlorato  with  a  salt  of  potjissium.  Hndn*- 
chlorate  of  berberine,  C«>H"N0*.HC1  +  JIl-'O,  crystAllisoa  in  slender  yellow  ii^*i<hrs. 
With  sulphide  of  ammonium  containing  excess  of  sulphur,  it  forms  a  fcntid  brtjwn-rv-i 
precipitate  containing  sulphur.  The  ehlorcrp/aiinate  ofbcrherine,  2(C*H  "XO  '.H  CI  ).l\i:\\ 
is  a  yellow  precipitate  nearly  insoluble  in  water;  it  gives  by  analysis  44  23  p.  c,  cnr- 
bon,  3*41  hydrogen,  280  nitrogen,  and  18-21  platinum,  the  formula  requiriug  44  30  C, 
3-33  H.,  2-59  N.,  and  18-21  Pt  The  chloroaurats,  C^H"NO«^Cl.AuCl».  fonr^ 
maroon-coloured  needles  soluble  in  alcohol.  The  h/drobromafe,  C*H"NOMIP.r  + 
3H'0,  and  the  hydriodate,  C«*H"NOMII,  form  yellow  needles.  The  cA^v^a'^. 
C^*H"N0*.HC10*,  is  a  bulky  yellow  precipitate  obtained  by  mixing  the  bydTrichl..r:.%-* 
with  chlorate  of  potassium.  It  is  moderately  soluble  in  pur©  water,  ^^nvz-.' 
soluble  in  saline  liquids.  The  acid  chromaU,  2(C»«H"NO*.CrO»).HH>.  is  a  bJiLT 
yellow  precipitate,  sparingly  soluble  in  water,  obtnined  by  mixing  the  hydrcv^hl  .r.<v 
with  acid  chromate  of  potas»ium.  It  is  very  soluble  in  hydrochloric  and  sulphuri" 
acids.  When  strongly  heate<l,  it  decomposes  suddenly,  yielding  a  large  qu.innK  fi 
the  yellow  substance  produced  in  the  dry  distillation  of  berberine.  ^itraU  of  t^erf-rr  -/ 
forms  yellow  crystals  sparingly  soluble  in  cold  water.  The  acid  gui^-hnr. 
C**H"NO«.SO*H-,  is  dep)8i ted  after  a  while  in  small  yellow  cr}-8tal«  on  adding 
sulphuric  acid  to  a  dilute  solution  of  the  hydrochlorate. 

BSRXVOB&ZTB.  Berengela  resin, — ^A  bituminous  mineral  found  in  the  prorin'-i 
of  St  Juan  de  Berengela  in  Peru,  about  one  hundred  mil^  from  Arica,  where  it  occun 
in  amorphous  masses  of  considerable  extent,  forming  a  sort  of  pitch-lake,  like  that  «.f 
Trinidad  (p.  426).  It  has  a  conchoidal  fracture,  a  dark  brown  colour,  inclining  tn 
green,  and  waxy  lustre;  yields  a  yellow  powder;  has  a  resinous  unpleasant  odotir  ard 
a  rather  bitter  taste.  Melts  below  100*^  C,  and  after  cooling  remains  soft  and  unctu«jU'< 
at  ordinary  temperatures.  It  dissolves  readily  in  cold  alcohol  and  in  ether.  It  is  nst^i 
for  caulking  ships.  According  to  Johnston's  analysis  (PhiL  Mag.  [3]  xiv.  87),  tu 
formula  is  C^H»0«. 

BBSmXTB  is  a  fine-grained  granite  containing  pyrites,  occurring  at  Ber\sow>k  ia 
the  Ural,  in  the  rocks  in  which  the  gold  veins  are  found. 

BlnUULMOT,  OZXa  OF.  A  volatile  oil  obtained  by  pressing  the  rind  of  a  varictr 
of  orange,  Citrus  berganiia^  cultivated  in  the  south  of  Europe.  The  oil  tbusobt.iiu*  i 
is  light-yellow  or  sometimes  greenish  or  brownish-yellow ;  mobile,  with  a  very  agreeat  ii? 
odour  and  aromatic  somewhat  bitter  taste.  Specific  gravity  0*869.  It  g€*n«»nii.v 
exhibits  an  acid  reaction,  arising  from  the  presence  of  a  small  quantity  of  acetic  aci'l 
It  solidifies  a  little  below  0^  C,  and  at  ordinary  temperatures  deposits,  after  a  vhilt. 
a  solid  camphor  or  stearoptene. 

Bergamot-oil  is  a  mixture  of  two  essential  oils,  the  more  volatile  of  which  is  jjoraeri? 
with  oil  of  turpentine  and  oil  of  lemon,  C'*H>*;  but  it  is  difficult  to  separate  this  ud 
by  simple  distillation. 

The  less  volatile  portion  which,  when  rectified,  boils  at  183°  G  and  has  a  den^'ty 
of  0856,  contains  oxygen,  and  according  to  Ohme  (Ann.  Ch.  Pharm.  xxxi.  316  . 
has  the  composition  of  a  hydrate  of  oil  of  lemon,  3C**H'* .  2H*0.  Accordmz  to 
Soubeiran  and  Oapitaine  (J.  Pharm.  xxvi.  68,  609),  this  portion  of  the  oil  if:  n^t 
of  constant  composition,  but  yields  by  fractional  distillation,  oils  continiu\Uy  iuejva-- 
ing  in  amount  of  oxygen,  from  3*37  to  16*14  per  cent  (perhaps  the  oil  wan  oxi«kii'*d 
during  the  distillation).  They  find  also  that  the  first  portions  turn  the  pUne  of 
polarisation  of  a  luminous  ray  to  the  right,  but  that  the  subsequent  portions  fxhil  it 
less  and  less  of  this  power,  and  finally  none. 

0hme*8  rectified  bergamot-oil  is  not  altered  by  caustic  potash.  Its  vap<»«r  pA*~«^i 
over  red-hot  lime  yields  a  large  quantity  of  benzeue.     It  absorlw  hydrocbl  »nc   tnd 
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pma  MimiiiUntly,  forming  a  liquid  compound,  which,  after  being  shaken  up  and  distilled 
Mnth  water,  has  the  specific  gravity  0*896 ;  boils  at  ISZ^  C,  and  contains  C«*H>«*a''0, 
or  6C"H»«.2HCLHH). 

Ilergamot-oil  placed  in  contact  with  phosphoric  anhydride  becomes  heated,  and 
nfterwards  yields  by  distillation  an  oil  smelling  like  oil  of  turpentine,  and  having 
(*xactly  the  composition  C'*H".  The  residue  of  the  distillation  contains  a  coiyugated 
acid,  pkosphobergamic  acidy  which  forms  soluble  salts  with  calcium  and  lead. 

'Bbboamot-Cakphor,  Bergaptene^  Stearoptene  of  hergamoi-ml,  is  a  solid  sub- 
stance deposited  by  crude  oil  of  bergamot  after  long  keeping.  It  crystallises  in 
Dc'edles,  melts  at  206^  C,  and  volatilises  without  decomposition.  Ic  is  odourl.  ss  and 
liiasolres  in  boiling  water,  alcohol,  and  ether.  Strong  sulphuric  acid  colours  it  red. 
II  eated  with  nitric  acid,  it  yields  oxalic  acid.  It  gives  by  analysis  about  66*2  per  cent, 
carbon  and  3*8  hydrogen,  numbers  answering  to  the  formula  C'H'O',  but  the  na- 
tional formula  is  not  yet  determined.  (Mulder,  Ann.  Ch.  Pharm.  xzxL  70;  Ohme, 
ioc»  ciL) 

IMfcTHTlfBTiy.  The  name  given  by  Beudant  to  a  ferruginous  mineral  occurring 
in  small  grains,  resembling  iron-spar  or  brown  iron  ore;  but  whether  it  is  a  definite 
ttpecies  or  a  mixture  is  not  decidedly  known.  Accordinc;  to  Berthier,  it  contains  12*4 
per  cent  silica,  74*7  protoxide  of  iruu,  7*8  alumina,  and  5*1  water.  The  same  name 
iM  also  applied  to  a  mineral  from  Hayanges  near  Metz,  of  sreprish-green  or  liver-brown 
colour,  which,  under  the  microscope,  appears  like  an  o<uitic  rode,  consisting  of  a 
t^ifenish  amorphous  mass,  containing  innumerable  small  flattened  needles  of  brown 
iron  ore. 


or  BAZBZVOJUtlTMi  These  names  are  applied  some- 
>vhat  indiscriminately  to  three  minerals,  containing  protosulphide  of  iron,  togethei 
Mith  tri£ulphide  of  antimony.  —  a,  8Fe*S.2Sb%'.  Found  at  Chazelles  in  Auvergne, 
i-rystalline  or  massive,  with  imperfect  cleavage  in  several  directions.  Specific  gravity 
4*284:  hardneis  2*0  to  3*0.  iron-black  or  dark  steel-gre^.  Opaque  with  metallic 
liistre.  Fuses  readily  before  the  blowpipe  on  charcoal,  yielding  antimonial  fumes 
and  deposit,  and  leaving  a  black  magnetic  slag  (Berthier,  Ann.  Ch.  Phys.  [2]  zzxv. 
351). — h.  8Fe13w4Sb'S'.  Found  in  a  mine  near  Chaselles.  Fibrous,  with  granulaz 
transverse  fracture,  almost  destitute  of  lustre  (Berthier,  Pogg.  Ann.  xzix.  468). — 
r.  Fe^'S-Sb'S'.  Found  at  Anglar  in  the  D^partement  de  la  Creuse.  Cr3rstalline,  com- 
posed of  fine  parallel  fibres.  Steel -grey,  inclining  to  bronze  (Berthier).  Minerals 
imving  this  composition  are  also  found  in  other  localities. 

BJBMTUCt&UDTZA  XXCB&8A.  A  Brazilian  tree  belonging  to  the  order  Lecy- 
thidacea.  The  kernels  of  the  fruit,  called  Brazilian  or  Pava  nuts,  contain  sugar,  gum, 
and  a  pale  yellow  odourless  fat  oil,  which  solidifies  at  0^  C,  and  contains  stearin, 
palmitin,  and  elain.     (Caldwell,  Ann.  Ch.  Pharm.  xcviii.  120.) 

JUmT^  36rO.Al'0'.6SiO*  ->  GPAl^Si'O*".— A  mineral  species  comprising 
several  varieties,  among  which  are  found  two  very  beautiful  and  costly  gems,  viz.  emerald^ 
and  aquamarine  or  precious  beryl.  The  crystals  belong  to  the  hexagonal  system,  beinp 
regular  six-sided  prisms  variously  modified,  sometimes  by  the  truncation  of  the  lateral 
edges,  at  other  times  of  the  terminal  edges.  The  most  ordinary  combinations  are 
oc  P  .  oP  and  ooP  .  oP  .  P.  {fig.  08) ;  sometimes,  however,  much  moro  complicated 
modifications  occur,  like  Jig.  99,  composed  of  the  hexagonal  prism  oo  P.  the  temmuJ 

Fig.  99. 
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tion.  Cleayage  tolenbly  perfect)  parallel  to  oP.  Fnctare  oon^oidaL  and  vnercfli 
Spedfle  gravity  2*67  to  2*76.  HardnesB  7*5  to  8*0.  The  moat  Qmal  eoloBr  of  tba 
beiyl  ia  green,  of  yarioas  ahadea  between  yellow-  and  bine-green,  aziaix^  ttom  tlu 
presence  of  iron  in  Tariona  atagea  of  oxidation;  yellow,  blne^  roae-oolomcd,  and  co- 
tonrleea  beryla  are  alao  found.  The  brilliant  green  of  the  emerald  ia  dii#  to  V^t 
presence  of  oxide  of  chromium.  Lnatre  yitreoua.  The  best  apecunena  of  cmoalri 
and  aquamarine  are  perfectly  tnuu^iaient;  but  the  tranaparenry  ia  ^eneallj  greatij 
diminiahed  by  cracka  and  smsB,  the  coaraer  varietiee  being  opaque  in  the  nmsa  aad 
translucent  only  at  the  edges.  Bery^l  is  difficult  to  fuse  by  itaelf  befi>re  the  bbnrp^e. 
melting  to  a  gplass  at  the  edges  only ;  with  borax  it  fuses  readily  to  a  truHp«nait 
glomi ;  with  phoaphoms-salt,  it  leayes  a  skeleton  of  silica. 

Beryl  fiom  Limoges  was  found  by  C.  Omelin  to  contain  67*64  SiO*,  17-63  APO^^aad 
18-61  GrO  («  98-68) ;  a  specimen  &om  Fahlun,  analysed  by  Beraeliua,  gare  6S  35 
SiO«,  17*60  A1K)»,  18*18  GrO,  0*72  Fe«0»  and  0*72  TaO*.  These  and  numeroM 
other  analyses  agree  nearly  with  the  formula  aboye  giyen  (calc  67*46  SiO*.  18*74 
Al'O*,  18*80  GrO),  which,  by  substituting  al  -  |A1,  may  bo  reduced  to  that  of  a 
metasilicate  CGranSi<0*. 

Bezyb  are  found  in  yarious  paita  of  the  world;  the  finest  emeralds  come  &oii 
Fern,  where  ther  are  found  trayersing  day-slate,  homblende  slate^  and  granite ;  &m 
specimens  are  also  obtained  from  Katharinenburg  in  Siberia ;  inferior  yarieties  from 
the  Heubach  yalley^  in  the  district  of  PinKau  in  Salzburg;  yarietiea  are  alao  fnmd 
in  some  old  mines  in  Mount  Zabarah  in  I^per  ^KTP^  ^^  which  spot  tiie  ancteetn 
are  supposed  to  haye  deriyed  their  emeruda.  Fme  transparent  bei^  or  aqns- 
Tnarines  are  found  in  Braail,  in  the  granite  district  of  Nertschinsk  in  Siberia*  in  IIm 
Ural  and  Altai  mountains,  and  in  the  nanite  of  the  Morne  mountains  ia  the  eomty  of 
Bown,  Ireland.  Opaque  beryls^  sometimes  of  yery  laige  sise,  are  feund  at  Langenbilao 
in  Silesia ;  at  Bodenmais  in  Bayaria,  near  Limo^  in  France ;  at  Kinloch,  Bmnioeli, 
and  Cairngorm,  Aberdeenshire ;  and  in  the  counties  of  Dublin  and  Wiekknr.  Betveea 
the  Connecticut  and  Marimac  rirers,  near  Crofton  in  North  Ameriea,  encsnoss 
specimens  hare  been  found,  measuring  from  4  to  6  feet  in  length,  and  weighing  Usteeis 
2000  and  8000  pounds. 

Syn.  with  Glt7Cznt:il 

Selenide  of  Copper. 

BerseUU^  Kuhnite,  Ckaux  arteniati  anh^fdre,  Magnaian  PAcp^ 
macoliU,  As^Hg'Ca*)0*'. — A  massiye  mineral  oocuzrinff  near  Langbanahylia  in 
Sweden.  It  has  an  uneyen  fracture,  and  exhibits  traces  St  deayability  in  oxio  diiw- 
tion.  Ydlowish-white  to  honey^eUow,  with  waxy  lustre ;  transluoent  on  the  edges. 
Perfectly  soluble  in  nitric  acid.  Before  the  blowpipe,  it  exhibits  the  usual  reactioeg 
of  azsemc,  and  with  soda  shows  eyidence  of  a  trace  of  manganese.  (Kuhn,  Ann  CL 
Pharm.  xxxiy.  271.) 

VBMXMMaOKm  A  mineral  fbund  in  the  older  yolcanic  ejections  near  Lake  Albaao 
in  Italy,  together  with  hauyne,  augite,  and  mica.  It  crystallises  in  octahevln^m  or 
dodecahedrons,  bebnging  to  the  regular  system,  sometimes  fonning  twin-cr>YUi5; 
cleayage  tolerably  distinct^  paralld  to  the  iiuies  of  s  cube.  The  oygfeaU  Exi^  oAea 
imeyen  and  rounded.  It  occurs  also  in  spherical  and  stalaetitie  Ibrma,  maaei^v  and 
imbedded.  Fracture  yaiying  from  conchoidal  to  uneyen ;  colour  white  or  my  ;  la»tn 
yitreous  to  dull;  yaries  fr<mi  transparent  to  perfectly  opaque;  streak  wnite;  hard- 
ness 6*0 ;  specific  grayity  2*428  to  2*727.  According  to  an  imperfect  analpns  by 
L.  GmeUn,  its  composition  is  similar  to  that  of  leudte.  When  polyerised  and  ignited, 
it  yields  a  small  quantily  of  water.  Mdts  wiUi  difficulty  befine  the  blowpipe  to  a 
tumefied  glass ;  with  boruc  readily  to  a  dear  g^asa.  Dissolyas  slowly  in  nitric  aod, 
yielding  a  jelly  of  silica  when  heated.  Similar  crTStals  haye  been  found  in  ncphehji^ 
dolerite  from  Meiches  in  Oberhessen.    (Handw.  dL  Chem.  iL  [1]  1028.) 

The  same  name  has  been  applied  to  natiye  selenide  of  copper. 

BSSUVbXm.  This  name  has  been  giyen  to  Hendi^te,  Fetalite.  Thooii;  waA 
Beraeliite. 


.  Beet, — ^A  genus  of  plants,  bdonging  to  the  natural  order  ChenmsdiaoM, 
distinguished  by  the  laige  quantity  of  sugar  contained  in  their  rootai  The  three 
prindpal  spedes  are : — 1.  Beta  vulgarU^  common  beet»  well  known  for  its  sweet  cnmaaat 
roots,  which  are  used  as  a  salad. — 2.  Beta  cyda^  chard  beet,  inferior  in  the  mi»  Mad 
fiayour  of  its  roots,  but  distinguished  by  its  remarkably  thick-ribbed  leayeik  whieh  aie 
used  in  France  in  soups;  or  the  ribs  only  are  cut  out  and  stewed  like  sea-kaiL  — 
3.  Beta  alti$nma,  field-beet  or  mangold-wunel,  sometimes)  thou^  eaoneonsly,  legaided 
MS  a  hybrid  between  the  two  former.  This  is  by  far  the  most  unpoxtaat  spedes,  ss  <t 
is  extensiyely  cultiyated  for  feeding  cattle,  and  in  FVance  and  Gsnaanj  alao  fer  (he 
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The  root  of  mansbld-wiinel  oootains  eryfltalliflable  bo^,  identical  in  trretj  XMpecC 
ith  cauc*8iigtr.  I*syen  gires  ibr  the  ayerage  eompocition  of  the  root,  83*6  per  cent 
wat4pr,  10*6  Migar,  0*8  cellular  aubatance  and  pectoae,  1*6  nitrogenooa  matter  (albninin, 
^r.  \  and  37  pectin  and  aalta.  The  aalta  oonsiat  of  nitrates  and  ammoninm-aaltB,  toge- 
t  hor  with  alkaline  and  earthy  phosphates,  anlphatei^  chlorides,  oxalates  and  malates,  or, 
n<<cord2ng  to  some  chemists,  citrates.  The  root  has  also  been  stated  to  contain  two  or 
'iirH)  peculiar  acids,  which  haye  not  been  thoroughly  examined.  The  dried  leayes 
cintain,  according  to  Sprengel,  16*44  per  cent  ash.  The  seed  eontains  ll*8jpev  cent 
Witter,  and  in  100  pts.  of  dry  substanee,  0*09  sulphur  and  6*68  ash.  (Way  and 
O^ston.) 

The  foUowuig  table  exhibits  the  composition  of  the  ash  of  the  seed»  leayesi  and  roots:— 


»t 


Potash  (anhydrona) 
Soda 
Lime  . 

Magnesia     •  • 

Alumina  and  feiric  oxide 
j  Manganic  oxide  •        • 
Silica  .... 
Sulphuric  acid  (anhydrous) 
Phosphoric  y,  „ 

Chlorine 

Carbonic  add  (anhydrous) 
Chloride  of  sodium 


AdiofMed. 


Wiiy. 

161 
6-8 

13-4 

16*2 
0*4 
1-8 

3-6 
131 

13-8 
16*3 


AahoflMfM, 


OgBton. 

36*8 

21-3 

14*9 

6*4 

1*1 

0-4 

2-7 

6*3 

4*6 

6*9 


AihofrooCi. 


8prcngd. 

23-9 

63*1 

4*8 

2*2 

2-3 

1*8 
21 
2-8 
6*3 


Ettl. 

19*6—26*6 

22*4—30*6 

3*2—  4-6 

70—  9*8 

01—  01 

14*1- 19*8 
2*6—  2*6 
2*4—  2-4 
1*4—  1*9 


G^H'H)'. — A  resinous  substance  extracted  finom  the  outer  bark  of 
the  birch>tree  (Beiula  aiba\  or  from  the  tor  prepared  therefrom.  It  was  disooyered 
l>y  Low  its  f  C^ll  Ghem.  Ann.  1788,  i  302),  ana  analysed  by  Hess  (J.  pr.  Chem.  xyi. 
161).  It  belonss  to  the  series  of  resins,  including  jylrie  add,  which  are  produced  by 
oxidation  from  hydrocarbons  of  the  form  OH^.  To  extract  it,  the  dried  bark  is  ex- 
haosted  with  boi&ng  water,  then  dried  again  and  treated  with  boiling  alcohol.  The 
holution  on  cooling  deposits  the  betulin,  which  is  pressed,  dried,  and  reciystallised 
from  ether.  It  forms  small  crystaUine  nodules,  which  mdt  at  about  200^  C.  The 
tnelted  matter  is  colourieas  and  transparent,  and  gives  off  yapours  whidi  smell  like  the 
tark  when  heated.   It  may  be  distiUed  in  a  current  of  air.    It  is  not  dissolved  by  aQcaliSi 

JUBl'U Jf OBSmo  ACZB*  According  to  Kossmann  (J.  Fharm.  [31  xxiy.  197) 
Mrch-resin  consists  of  an  add,  C'H'K)*,  which  is  oonyerted  by  nitric  add  into  picric 
acid,  but  is  not  decomposed  by  sulphuric  add. 

See  NBPSXLm. 


A  ferruginous  niineral  occurring  at  Horiiausen  and  M ontabaur 
In  Nassau,  and  near  Cork  in  Ireland.  It  oystallises  in  rhombohedrons  deayable 
parallel  to  the  base,  and  havinff  the  rhombohedral  faces  horisontally  stariated.  Colour 
black  to  oUye-green.  Streak  light  ^preen.  The  fresh  crystals  haye  a  waxy  lustre. 
Hardness  above  4*0.  The  Nassau  mineral  has  a  spedflc  gravity  of  4*0018,  and  melts 
readily  before  the  blowpipe  (San  dberger).  The  Irish  variety  lias  a  specific  gravity^  of 
4*295,  and  is  infusible  (Rammelsberg).  It  contains  sulphate  of  lead,  associated  with 
frrrie  sulphate,  arsenate,  and  phoqshate,  the  two  latter  replacmg  each  other  isomor- 
Vhously;  it  also  contains  water  (^avy,  Phil.  Mag.  [3]  xxxvii.  161).  Acoordini;  to 
Rammelsberg.  it  is  2(Pb''0.S0«)  +  Fe«0».SO«  +  3P0«.P«0*  =  9HK);  according  to 
S.indberger.Pb''0.80«  +  8Pb*0(AsK)»;.PK)»)  +  3[8F«i«0»(As«0» ;  P«0»)]  +  24HK). 
(Ilandw.  d.  Chem.  ii.  1029.) 


PA.      Thumesol   en  drapeaux.      SehnUnkldppeken,     Begetta  rubra  et 

r^rvltA, — A  dye  or  pigment  prepared  by  dipping  linen  rags  in  solutions  of  certain  co* 
louring  matters.     Red  besetta  is  coloured  with  cochineal,  and  is  used  ss  a  cosmetic. 

Blue  bezetta  ( Toume9ol  en  drapeaux),  which  is  chiefly  used  for  colouring  the  rind 
of  Dutch  cheeses,  is  prepared  at  Uallargues  near  Nimes  in  the  department  of  (Hrd, 
from  a  euphorbiaoeous  plant,  Chrozoph&ra  tinctoria  or  Croton  iinctoria.  The  fruits 
and  the  tops  of  the  plants  are  gathered,  and  the  juice  being  expressed,  rags  of  ooaive 
cloth  are  dipped  into  it,  then  dried,  and  aftfflwards  exposed  to  the  fbmes  of  mules'  or 
horses'  dung.  This  last  operation  is  called  aluminadou^  The  cloths  are  turned  from 
Hmt  to  time,  to  ensure  unifoim  coloration  and  prevent  any  part  ficom  being  exposed 

pr  4 


n 

fr: 

.  71 

1 

il  • 

•I 

.  1 

1   ■ 

1..- 

1 

f   ..  I   : 

'  1 

I       1  .• 

!■ 

1 

1 

1 

■ 

I, 


1 

\ 


I 


|l 


1 


f'  ii 


i! 


•l 


I 


I 


58 1  BEZOAR— BILE. 

too  long  to  thp  ftimes  of  the  dung,  which  would  turn  them  yeOow.  Tlity  vt  dn 
dried  a  second  time,  again  soaked  in  the  juice,  mixed  this  time  with  nriiw,  and  krtly 
exposed  for  some  time  to  the  action  of  the  sun  and  wind.  The  qnantitj  tlna  m■lnlfc^ 
tured  amounta  to  about  50  tons  yearly.  The  blue  of  bezetta  is  reddened  by  aeidiL  lib 
litmus,  though  not  so  quickly,  but  diffen  from  the  latter  in  not  being  veiiDnd  %y  ■!• 
kalis.  According  to  Joly,  the  same  dye  may  be  obtained  from  other  wi|iliiriaaBW 
plants,  Chrozoplwra  obUmgatcL,  C,  pUcatOf  OroUm  irieuapidatum,  Mfreunmta  frmmt, 
und  M,  tormeniosa.  The  juice  exists  in  all  these  plants  in  the  eolonxlea  state,  al 
turns  blue  only  on  exposure  to  the  air.  (Handw.  d.  Chem.  ii.  [1]  1010;  Gerk. 
Traiti,  iil  820.) 

MMLOAMm  This  name,  which  is  derived  from  a  Penimn  word  imjilyiaf  sn  anti- 
dote to  poison,  was  given  to  a  concretion  found  in  the  stomach  or  intertiiws  of  ■ 
animal  of  the  goat  kind,  Capra  tsgragta^  which  was  once  veiy  highly  Talnad  fat  tkii 
imaginaiT  qu^ity,  and  has  thence  been  extended  to  all  concretiona  fonnd  in  aniaik 

According  to  Taylor  (PhiL  Mag.  No.  186  p.  36  and  No.  186  p.  192),  hennv  w^ 
be  divided  into  nine  varieties : — 1.  Phosphate  of  calcium,  which  forma  concniioas  ii 
the  intestines  of  many  mammalia. — 2.  Phosphate  of  magnesium :  semitranspaiCBt  tad 
yellowish,  and  of  specific  gravity  2*160. — 3.  Phosphate  of  ammonium  and 
a  concretion  of  a  grey  or  brown  colour,  composed  of  radiationfl  from 
4.  Oxalate  of  calcium. — 6.  Vegetable  fibres.— 6.  Animal  hair. —  7.  i 
8.  Lithofellic  acid. — 9.  Ellagic  or  bezoardic  add. 

Of  true  bezoars  there  are  three  kinds,  oriental^  oceidmtat,  and  (rfmum.  11i« 
true  oriental  bezoars  found  in  the  Capra  tBffroffus,  the  gaaeUe  (Aniilm  Ihrt§t\ 
and  other  ruminant  animals,  are  spherical  or  oval  masses,  vaiyinff  from  the  cin  of  s 
pea  to  that  of  the  fist,  and  composed  of  concentric  layers  of  rennooa  mnttar  with  a 
nucleus  of  some  foreign  substance,  such  as  pieces  of  bark  or  other  hard  nfdiTis 
matter  which  the  animal  has  swallowed.  They  have  a  shining  rssinoiu  fiaetnr^  ■• 
detititute  of  taste  and  odour,  nearly  insoluble  in  water  and  aqueous  hydrochlone  add, 
but  soluble  for  the  greater  part  in  potash-ley.  When  heated,  th^  emit  an  agrsaiUe 
o<lour  and  bum  away,  leaving  but  a  small  quaiitity  of  ash.  These  cfaaraetcn  nfiei  to 
distin^sh  the  oriental  bezoars  from  those  varieties  which  contain  a  conaidMHs 
quantity  of  inorganic  matter.  There  are  two  kinds  of  them,  the  one  eonaiating  of  dDi^a; 
the  other  of  lithofellic  acid.  The  latter  have  a  more  waxy  lustre  and  greener  tsSm 
than  the  former,  and  are  albo  distinguished  by  their  smaller  specific  gniTity,  lu.  IX 
while  that  of  the  eUagic  acid  stones  is  1*6.  They  contain,  besidea  lithofelue  add*  a 
substance  resembling  the  colouring  matter  of  bile,  and  are  perfaape  bilimy  caleiE 
Oriental  bezoars  are  greatly  prized  in  Persia  and  other  eoontnea  of  the  East  fer  thar 
supposed  medicinal  properties.  The  Shah  of  Persia  sent  one  in  1808  as  m  pnaot  to 
Napoleon. 

The  occidental  bezoars  are  found  in  the  lama  (Auekenia  Lama)^  and  in  A^  Vicmm: 
they  resemble  the  oriental  in  external  appearance,  but  differ  totally  in  tiicir  elMoial 
characters,  inasmuch  as  they  consist  chiefly  of  phosphate  of  calcium,  with  but  litlb 
organic  mutter. 

Crerman  bezoars,  which  are  chiefly  obtained  from  the  chamoii  or  gonabock  (AnA/i 
rvpicapra\  consist  chiefly  of  interlaced  vegetable  fibres  or  animal  hain  bonad  tOfytbtf 
by  a  leathery  coating. 

BBSOASBZC  ACZB.    Syn.  of  Ellaoic  Acid. 

BZXO  ASBZCVM  AMTMItTt'Bi    An  antiquated  medicament  made  from  the  Ud 

hearts  and  livers  of  vipers,  and  supposed  to  be  an  antidote  against  poiaoa :  htnoi  ito 
name. 

BZXOASBZCUM  Mllimt./lliBi    A  name  applied  by  the  older  ehcnilto  It 

antimonic  acid,  especially  to  that  prepared  from  butter  of  antimonj  by  the  mCm  if 
nitric  acid. 

BZ-COMFOUVBS.    See  Di-Coxpouicds  and  Nombmclatcsb. 

TMOK.     Syn.  with  Aoalxatoutb. 

L    Gall.   Galle.  (Lehman n.  "Physiological Chemistiy,*'  Carendiih  Suekt/i 
Kdition,  ii.  61 ;  alno  Gmelin*s  Handbuch,  viii.  38.     Strecker,  Ann.  CL  FhaiiL 

Ixv.  1 ;  Ixvii.  1  ;  Ixx.  149.     Gundelach  and  Strecker,  ibid.  Ixii.  205). "Kk,  si 

si'crrfed  by  the  cells  of  the  liver,  is  taken  up  by  the  biliair  ducta,  which  unite  to  fbrmths 
li«']>atic  duct,  by  which  the  secretion  is  eitner  discharged  directly  into  the  diiodeneB,or 
is  i>f>iivej<Hl  through  the  c^'stic  duct  into  the  gall-bladder,  wherein  it  beetmiet  a 
lated  and  to  some  extent  inspissated.  Cystic  bile  when  taken  from  a  henltl^ 
nrciitly  killed,  is  a  mucous,  transparent^  ropy  liquid,  of  green  or  fatown 
It  has  .1  bitter  but  not  astringent  taste,  sometimes  leaving  a  sweetiah  aftcs^taite,  and  a 
i^rulinr  odour,  which,  whi-n  the  bile  is  warmed,  it.  ofYen  t«tv  mnch  like  that  of  I 
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Its  tsptdAe  ^Tity  u  sbont  1*02.  It  does  not  difibse  itself  readily  through  water, 
uoletMi  the  mixture  be  stirred.  Its  reaction  is,  for  the  most  part,  fSedntly  alkaline,  some- 
times neutral,  never  add,  excepting  in  peculiar  states  of  disiease.  Bile  in  its  ordinary 
KtHte,  before  the  mucus  is  remored,  putrefies  reiy  readily ;  but  when  freed  from  mucus. 
It  in  much  lees  prone  to  putrefactive  decomposition. 

The  chemical  composition  of  bile  varies  to  a  certain  extent  according  to  the  nature 
•>f  the  animal  which  yields  it ;  but  every  kind  of  bile  contains  two  essential  constituents, 
vis.  a  resinous  and  a  colouring  matter,  associated  with  small  quantities  of  cholesterin, 
fata,  salts  of  fatty  adds,  and  certain  mineral  salts,  chiefly  chloride  of  sodium  and 
phosphates,  with  smaller  quantities  of  phosphate  and  carbonate  of  sodium,  phoaphatp 
of  caldum,  phosphate  of  magnesium,  and  extremely  minute  quantities  of  iron  and 
manganese,  but  no  alkaline  sulphates.  No  salts  of  anmionia  are  found  in  fresh  healthy 
bile,  but  during  the  putrefaction  of  bile,  ammonia  is  produced.  Bile  also  contains 
mucus  mixed  with  cells  of  epithelium. 

The  retmous  matter  of  bile  is  the  most  abundant  and  important  of  its  consti- 
tuents. It  consists,  in  nearly  all  cases,  of  the  sodium  or  potsssium  salts  of  two  nitro- 
^(>niied  adds,  one  containing  sulphur,  the  other  free  from  that  dement  The  former 
•  »f  these  adds,  called  taurocholic  acid,  is  resolved  by  the  action  of  alkalis  into 
taurine  and  eholie  acid^  a  oystalline  add  oontaining  neither  nitrogen  nor  sulphur,  and 
chan^ling,  under  certain  circumstances,  into  an  amorphous  isomeric  add  called  cho- 
i  oidic  acid,  diffenng  from  it  only  by  the  dements  of  water : 

TaarochoUe  Cbollc  Taurine, 

acid.  acid. 

and  the  latter,  called  glycocholic  acid,  is  resolved  in  like  manner  into  cholic  add 
and  glycocine  : 

C»R*^0*  +  HK)  -  C«H*H)»  +  C»H»NO« 

Glycocholic  CboUc  OljcodiM. 

add.  add. 

All  kinds  of  bile,  excepting  that  of  the  pig,  contain  one  or  both  of  these  adds.  Pififs 
bile  contains  an  add  called  glyco-hyocholic  acid,  analogous  to  glycocholic  acid, 
Mnd,  like  that  compound,  resolvable  by  the  action  of  alkalis  into  glycocine  andhyocholic 
acid,  an  add  not  oontaining  nitrogen : 

Gljcocioe. 


Glycohjro- 
cbollc  add. 


Hjrocholic 
add. 


Ttie  colouring  matter  of  hUe,  Me-pigmetUf  or  chohckroms,  is  also  a  nitrogenised 
ncid,  and  is  decomposed  by  mtrous  acid,  with  evolution  of  nitrogen  and  formation  of  a 
crystallised  add,  ckoloekromie  aeidt  which  is  free  from  nitrt^en.  (Thudichum, 
Chem.  Soc  Qu.  J.  xiv.  114.) 

The  bile  of  carnivorous  and  omnivorous  animals,  induding  man,  contains  a  brown 
}>igment,  the  choUptfrrhin  of  Berselius :  that  of  birds,  fishes,  and  amphibia  has  usually 
HO  intense  green  pi^ent,  biliverdin.  The  brown  pigment  is  always  combined  either 
with  soda  or  with  lime;  in  the  latter  case,  it  is  insoluble,  and  appears  in  the  form  of 
lirown  granules  when  the  bile  is  examined  by  the  microscope. 

The  analysis  of  bile  is  conducted  as  follows : 

The  bQe  is  first  mixed  with  half  its  volume  or  more  of  83  per  cent  alcohol,  which 
throws  down  mucus  and  epithelium;  the  predpitate  is  rinsed  with  spirit,  then 
with  water,  afterwards  dried  and  weighed. 

The  bile  thus  freed  from  mucus,  is  evaporated  to  dryness,  first  over  the  water-bath 
and  then  under  the  air-pump  on  a  sand-bath  heated  to  100°  C. ;  the  residue  is  left  to 
cool  in  vacuo,  after  idiich,  air  dried  by  passing  over  chloride  of  caldum  is  introduced 
into  the  receiver,  and  the  weighing  is  completed  as  quickly  as  possible,  because  the 
dried  bile  is  extremdy  hygroscopic 

The  residue  is  oext  digested  for  a  considerable  time  with  ether,  which  takes  up  fa  t 
and  eholesterin.  The  total  quantity  of  these  matters  may  then  be  determined  by 
evaporating  the  ethereal  extract ;  but  the  different  substances  contained  in  it  cannot  be 
separatdy  estimated,  unless  veir  large  quantities  of  bile  are  operated  upon  ;  in  that 
i^nse,  the  fatt^  acids  (stearic  and  margaric  or  palmitic  acids)  may  be  separated  from 
t  ho.  cholestenn  by  predpitation  as  lead-salts. 

The  residue  insoluble  in  ether,  which  contains  the  essential  constituents  of  the  bile, 
is  next  to  be  treated  with  cold  absolute  alcohol,  which  dissolves  the  salts  of  the  biliary 
acids,  together  with  part  of  the  bile-pigment ;  the  greater  part  of  the  alcohol  is  then  re- 
moved by  evaporation ;  ether  added  to  the  concentrated  solution  as  long  as  any  tur- 
bidity is  produced ;  and  the  liquid  left  to  stand  for  some  time  in  a  cool  place. 

The  alkaline  taurocholate  and  glycocholate  are  thereby  precipitated,   and 
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their  quantity  may  be  estimated  by  washing  the  precipitate  with  ether,  and  wn^iaj 
it  iifter  drying  over  the  water-bath.  It  always,  howeyer,  oontaimi  a  eertain  poHuQ  ^  f 
bile-pigment,  which  cannot  be  completely  separated  unless  it  consists  of  pure  dioie^ 
pyrrhin,  in  which  case  it  may  be  separated  by  chloride  of  calcionu  The  qtuoitity  of 
feioda  or  potash  associated  with  the  biliary  acids  and  the  bile-pigment^  may  be 
determined  by  decomposing  a  weighed  portion  of  the  ether-precipitate  with  volpLari: 
acid. 

The  tanrocholic  and  glycocholic  acids  cannot  be  completely  separated  one  frrvgj  t.^ 

other.     An  approximate  separation  may  be  effected  by  dissolTing  the  precipita.te  m 

alcohol)  and  treating  it  with  nentral  acetate  of  lead,  which  precipitates  only  the  ^Irov 

'  cholic  acid ;  but  the  best  way  of  estimating  the  relatiye  quantities  of  the  two  ar.vijk  >s 

to  determine  the  amovmt  of  sulphur  in  the  ether-precipitate,  by  fusing  it  with  nittv  r 
by  one  of  the  other  methods  given  under  Analysis  (Orqaxic),  p.  225.  Etoj  6  pti^  <il 
sulphur  correspond  to  100  pts.  of  taurocholate  of  sooium. 

The  residue  of  the  bile,  insoluble  in  absolute  alcohol,  must  now  be  detexmined  with  ^L  * 

view  of  checking  the  analysis.     It  contains  pigment^  partly  free  and  partly  com*Mi':4 

with  lime;  also  alkaline  and  earthy  phosphates,  with  chloride  and  carbonate  i4 

I  sodium,  very  rarely  sulphate  of  potassium,  but  often  a  little  taurine ;  its  amount  is 

generally  too  small  to  allow  of  the  quantitative  separation  of  these  substances,  unlt^ 
very  large  quantities  of  bile  are  operated  upon.  Altogether  the  determinationji  wi:>ii 
have  been  made  of  the  amount  of  pigment,  cholesterin,  fats,  fatty  acids,  and  nuneril 
constituents  of  bile,  cannot  be  regarded  as  more  than  approximations  to  the  truth. 

¥ettenkofei^ 9  Test  for  Bilt. — When  bile  is  mixed  with  a  strong  synxp  of  sn^ar.  aad 
then  with  strong  sulphuric  acid,  so  that  it  becomes  heated,  it  assumes  a  deep  Tiak^t-i^ 
or  purple  tint,  which  disappears  on  addition  of  water.  This  reaction  is  prvwiu^d  bj 
rholic,  choloidic,  glycocholic,  and  tanrocholic  acids  (or  the  corresponding  adds  Lu  pVa 
bilo),  but  not  by  any  other  substance ;  it  is,  therefore,  perfectly  characteristic  of  bia*. 

I  and  affords  a  very  delicate  indication  of  its  presence.    The  best  mode  of  applying  it 

for  the  detection  of  small  quantities  of  bile  in  blood  or  other  animal  fluid.*!,  is  as 
follows : — The  alcoholic  extract  of  the  liquid  to  be  tested  for  biliary  matter,  is  di«oh-«l 
I  in  a  little  water,  and  mixed  with  a  sini^le  drop  of  a  solution  of  sugar  (1  pt.  of  sugar  t.i 

■  4  pts,  of  water),  and  pure  strong  sulphuric  acid  is  then  added  by  small  quantities,  tU 

I  the  turbidity  at  first  produced,  disappears,  cooling  after  each  addition;  it  then  f«r  • 

I  few  moments  exhibits  a  yellowish  colour,  which,  however,  soon  changes  to  a  pale  cberTj- 

r»»d,  then  to  deep  carmine,  then  to  purple,  and  finally  to  an  intense  violet  tint.  Fnr 
the  success  of  the  experiment,  care  must  be  taken  not  to  add  too  much  sugar ;  oth^- 
wise  a  black  mass  will  be  formed,  which  will  completely  mask  the  reaction.  Tt« 
temperature  of  the  mixture  must  be  allowed  to  rise  to  about  50^  C.  Init  not  hi^Ltf. 
The  reaction  takes  place  with  any  kind  of  sugar,  and  likewise  with  acetic  acid. 

Composition  of  the  Bile  of  various  animals. — Human  bile  consists  mainly  of  tan.'t- 
ohlorate  of  sodium,  with  very  little  glycocholate  (Oorup-Besanez).  Ox- htie.ro 
the  contrary,  contains  chiefly  glycocholate  (Strecker).  Pig-bilr,  aa  ulrt^v  k^- 
fierved,  consists  mainly  of  the  sodium-salt  of  an  acid  analogous  to  glycocholic  aciti ;  rit 
ulycohyocholic  acid  (Gundelach  and  Strecker),  together  with  a  small  quiii-t/r 
of  a  sulphuretted  acid,  yielding  taurine  by  decomposition :  iauro-hyocoholie  ac%ii :  it 
likewise  contains  a  very  strong  base  containing  sulphur. 

The  bile  of  most  other  animals  consists  mainly  of  taurocholate  of  aodiuxn  nr  p-.t?.4. 
niura.  That  of  the  do^  contains  only  taurocholate  of  sodium;  that  of  the  s^^^p.  *bi 
that  of  the  kangaroo  contain  taurocholate,  with  veiy  little  glycocholate.  In  th»  I  {> 
of  several  kinds  of  fish,  viz.  turhot^  cod^  pikCy  and  perch,  Strecker  found  taurooijoLf'. 
with  mere  traces  of  glycocholate;  a  similar  result  was  obtained  by  Schlos^btTg^r 
(Ann.  Ch.  Pharm.  cAnii.  166)  with  the  bile  of  the  «Atf<£-^A,  According  to  (Be n^rii 
(Ann.  Ch.  Pharm.  Ixv.)  and  Strecker,  the  bile  of  sea-fish  contains  potassiuTD-N&ir-, 
that  of  fresh-water  fish  chiefly  sodium-salts.  The  bile  of  the  Boa  Anaconda  (SchJtr- 
per,  Ann.  Ch.  Pharm.  Ix.  109)  and  that  of  the  Python  tigris  (Binder,  ibid.  rii.  ^\' 
consist  mainly  of  taurocholate.  Goose-bile  appears  likewise  to  consist  essentially  'f 
taurocholate  of  sodium,  though  Marrson  (Arch.  Pharm,  [2]  Iviii.  138),  and  m- .•* 
recently  Ileintz  and  Wisliscenus  (Pogg.  Ann.  cviii.  647) state  that  the  sulphuirHfti 
acid  of  goose-bile  differs  in  composition  from  taurochoHc  acid;  Heists  and  W-v 
liHcenus  assign  to  it  the  composition  C^'H^'NSO*;  but  the  analyses  are  not  qtut«e 
satisfactory. 

Taxirocholate  of  sodium  contains  about  6  per  cent  of  sulphur :  now  in  the  drii-i 
bile  of  the  dog,  Bensch  found  62  per  cent,  sulphur ;  in  that  of  the  fox,  6*96  per  cciL; 
of  the  wolf  503  ;  of  the  bear  676 ;  of  the  pig  032 ;  of  the  calf  6*62 ;  of  the  sheep  6  46 ;  c^ 
the  goat  6*99  ;  of  the  domestic  fowl  6*67 ;  and  of  several  fishes  6*46  par  cent. 

In  normal  human  bile,  Frerichs  found  14  per  cent  or  rather  mor«  of  solid  e*m»ti' 
(rutits  ;  Oorup-Besanes,  in  the  bile  of  two  recently  executed  mmimUs,  found  10  Id 
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A  17*73  pOT  MBt  tdlid  nutter ;  in  that  of  an  old  man,  9*13  per  cent ;  and  in  that  of 
boy  of  tWttlT*  jaan  old,  17*19  per  cent  lolid  matter.  Ox-bile  contains  10*13  per 
at^  solid «0DatitneBta;  pigfsbOe  10*6  to  11*08 percent (Gnndelach and Streckerl ; 
^m  bile  6*1  pw  oent ;  cat's  bUe  5*6  per  cent.  ^Bidder  and  Schmidt) ;  sheep's  bile 
S ;  TBbbit'a  bile  1*8 :  Booee  bile  6*9 ;  kangaroo's  bile  14*13 ;  and  crow's  bile  7*3 ;  per  cent. 
•lid  eoiutitiMot&  Ae  concentration  of  the  bile  appears  to  increase  with  the  time  it 
tmains  in  tiie  gall-bladder. 

The  proportion  of  atk  in  the  dried  residne  amounts  in  normal  human  bile  to  6*14 
w  oflDt.  Oorup-BesaneiX  in  ox-bile  to  12*7  (Berselins);  in  calf  s  bile  to  13*16 
B  enach) ;  in  sheep's  bile  to  11*86 ;  in  ^f  s  bile  to  13*21 ;  in  pi^s  Inle  to  13*6;  in 
>x  bile  to  12*71 ;  in  that  of  the  domestic  fowl  to  10*99 ;  in  that  at  flresh-watar  fish, 
a  14*11  per  oent ;  in  that  of  the  fresh-water  turtle  {Emya  geoaraphicd)  to  6'6 ;  and  in 
hat  of  the  aalt-water  turtle  (En^smsculpta)  to  6-3  per  oent  (Wetherill,  J.  pr.  Chem. 
KKTi.  61).    The  f^eah  bile  of  ^thon  tirtB  yields  1*21  per  cent  of  ash. 

Ox-bile  extracted  from  tike  gall-bla&er  without  pressure,  contains  0-184  per  cent 
n^Acma;  hwnan-bile  0*158  per  cent  (Lehmann);  Oomp-Besanes  found  in  human  bile 
1*45  and  2*21  per  oent  muciM  and  bUe-pigmmt,  The  bile  of  the  kangaroo  contains 
4 '34  per  eent  mueu$  and  eoUmring  matter,  and  1*09  choUsterin  and  fat;  that  of  the 
shad-flah  contains  1*28  per  cent  mueua  and  ooUmring-matterf  and  0*23  per  e&at/at; 
that  of  ^ftkon  Uffrii^  contains  0*89  per  oent  mucus  and  0*03 /a<  ;  goose-bQe  contains 
*2*66  per  eent  mueus^  (ySSfat  and  eXoUsterin,   (Marrson.) 

The  bile,  like  all  the  other  normal  secretions,  is  liable  to  alteration  from  disease,  and 
sometimes  contains  heteroeeneons  constituents.    ^Jlbumin  is  sometimes  found  in  it, 
especially  in  &tty  liTcr,  in  Bright^s  disease,  and  in  the  embiyonic  statei     Urea  has 
been  found  in  the  bile^  in  cssos  of  iktty  degeneration  of  the  kidneys,  and  in  animals 
whose  kidneys  hare  been  extirpated ;  also  in  cholera.    Bido  once  discorered  a  dark- 
red  non-bitter  bile  in  a  patient  suffering  from  jaundice ;  it  contained  an  emerald- 
g;reen  pigment,  to  which  he  gave  the  name  of  eryikrogen^  from  its  Tolatilising  at  40°  C. 
and  giving  off  a  red  yapour.    A  similar  substance  was  found  by  Lehmann  in  a  case  of 
acute  yellow  atrophy  of  the  lirer.    In  the  bile  of  a  child  who  £ed  suddenly,  Lehmann 
found  a  considerable  quantity  of  tulpkide  of  ammomum,  but  the  previous  histoxy  of  the 
Citsewas  not  known. 

The  Bonnal  constituents  of  the  bile  also  yaiy  in  proportion,  in  various  cases  of 
diseuBe.    The  bile  has  been  found  to  be  poor  in  solid  constituents,  in  persons  who  have 
(lied  from  severe  inflammatoiy  affections,  especially  from  pneumonia^  and  likewise  in 
fatal  cases  of  dropsy ;  it  also  contains  an  excess  of  water  in  diabetes,  and  in  certain 
cases  of  typhus ;  in  other  cases  of  that  disease,  however,  the  bile  becomes  thicker  than 
in  health.    The  soUd  constituents  of  the 'bile  are  commonly  increased  in  those  abdo- 
minal diseases  in  which  the  motion  of  the  blood  in  the  larger  veins  is  impeded,  and  in 
certain  cases  of  heart-disease^  in  which  the  blood  accumulates  in  excessive  quan- 
tity in  the  hepatic  veins.    In  cholera,  the  bile  is  also  found  to  be  dense,  tough, 
and  consistent    The  proportion  of  mucus  is  often  increased  when  the  bile  is  very 
dilate;  indeed  in  typhus,  the  ^all-bladder  sometimes  contains  scarcely  anything 
ehe,  the  resinous  constituents  b^ng  almost,  if  not  alt<^ether  absent ;  the  same  ia 
observe  in  catarrh  of  the  biliary  ducts.  (Lehmann.) 

The  separation  of  crystals  of  choUsterin,  which  is  sometimes,  though  rarely,  observed 
in  marbia  bile,  appears  to  be  associated  with  an  increase  in  the  relative  quantity  of 
that  substance;  this  phenomenon  has  been  observed  by  Qorup-Beaanez  in  ve^  con- 
ceotrated  bile.  Free  fat  is  always  present  in  the  bile,  but  in  too  normal  state  is  held 
in  solution  by  the  tanrocholate  of  sodium ;  fat  globules  have,  however,  been  observed 
by  Oonip-BeeaneB  in  the  bile  of  persons  who  have  died  ttom  typhus,  and  from  tuber^ 
cnlosis  in  the  colliquative  stage.    (Lehmann.) 

The  bile  is  veiy  seldom  acta;  an  acid  reaction  has  been  observed  in  typhus,  but  it 
may  have  arisen  partly  from  spontaneous  decomposition  after  death,  partly  from 
efibsion  of  pus  into  the  gall-bladder :  for  pus,  when  contained  in  an  enclosed  space, 
otien  becomes  add  with  great  rapidity.    (L eh  m  a n  n.) 

hdrffaethn  of  BUe, — ^When  bile  is  left  to  itself  either  in  a  closed  or  in  an  open 
TCMel,  it  undergoes  gradual  decomposition,  aoquirinff  an  offensive  odoiir  and  acid  re- 
action, and  yielding  a  solid  deposit  containing  cnolic  acid  and  other  substances, 
Thndichum  (Chem.  Soc.  Qu.  J.  xiv.  118)  found  that  ox-bile  left  for  a  year  ct 
two  in  large  bottles,  well  stoppered,  and  completely  filled  with  it  had  assumed  a 
Klight  acid  reaction,  a  bright  port  wine  colour,  and  had  deposited  a  copious,  flaky, 
green  and  brown  deposit,  mixea  with  white  chalk-like  particles  and  greenish  crystals. 
This  deposit  was  found  to  consist  of  cholochrome  (bue-pigmentV,  cnolic  acid,  phos- 
phate of  calcium  ancf  magnesium  in  dichroic  crystals,  and  mucus.  The  fluid  part  of  the 
ttOe  was  found  to  contain  principally  choloidate  of  sodium  with  a  little  chelate ;  also 
Uvine,  valente  and  acetate  of  sodium,  and  of  anunonium,  and  phosphate  of  sodium, 
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but  no  glycocine,  glycocholic  acid,  or  taurocholic  acid.  The  deeompositioo 
to  bogin  by  the  resolution  of  the  glycocholate  of  sodium  into  cholata  of  sodium  s:vi 
glycociiie,  and  of  the  taurocholate  into  cholate  and  taurine.  The  ammooiji  and  »c«rtic 
acid  are  probably  formed  by  the  decomposition  of  the  glycocine  (oxyacetamic  ari-d  i : 
the  origin  of  the  valeric  acid  is  obscure ;  these  acids  unite  with  a  portion  of  the  m.»U 
and  precipitate  some  of  the  cholochrome  and  cholic  acid,  the  rest  of  that  acid  rt-m-ua- 
ing  in  solution  as  choloidate  of  sodiom.  From  the  experiments  of  Gorap-Be&aLer 
(Ann.  Ch.  Pharm.  lix.  129)  it  appears  that  bile  allowed  to  decompose  m  an  ofita 
vessel,  at  a  comparatively  high  temperature,  25°  to  30°  R,  deposit^  chiefly  rbolf]  i.c 
acid,  but  when  the  decomposition  took  place  in  a  cellar  at  10°  to  12®' R,  cholic 
acid  waa  deposited  instead  of  choloidic,  the  higher  temperature  fiavouring  the  triii.^ 
formation  of  cholic  acid  into  its  amorphous  modification. 

Human  bile  putrefies  much  in  the  same  manner  as  ox-bile;  but  the  actual  prodni^ 
are  usually  modified  by  the  decomposition  of  the  albumin  which  is  present  in  nearly  aII 
the  bile  that  can  be  obtained  for  examination,  vis.  the  bile  of  persons  who  have  dit-1 
of  disease,  and  usually  not  obtained  till  some  days  after  death.  The  alkaline  produrti 
resulting  from  the  decomposition  of  the  albumin  partially  neutralise  tlie  add  pnxiurti 
of  the  decomposition  of  the  bile,  and  thereby  prevent,  to  a  certain  extent^  the  format  j^ia 
of  insoluble  compounds.     (Thudic  hum.) 

Biliary  calculi,  or  Gall-stones. — These  concretions  in  man  sometimes  consist  ch:.-*j' 
of  chlolochrome,  held  together  by  some  binding  material,  generally  supposed  t*^  W 
mucus,  or  inspissated  bile,  but  consisting,  accordu^  toThudichum  {loc,  citX  o<  cholic 
or  choloidic  acid,  or  both.  In  most  ^ases,  a  small  nadeus  of  this  character  is  forcir>l 
and  becomes  coated  with  cholesterin,  which  then  forms  the  chief  mass  of  the  conrr^ti  r 
Earthy  phosphates  and  carbonates  are  likewise  presents  Ox  gall-stones  consie^t  menu! y 
of  cholochrome,  cholic  acid,  and  choloidic  acid,  with  small  portions  of  cholestpriik  ii.  i 
unaltered  bile  mechanically  enclosed:  they  also  contain  tiie  phosphates  and  carK>a:i:(^ 
of  calcium  and  magnesium,  and  an  ammonia-compound,  possibly  sulphide  of  zmm^y- 
nium  (Thudichum).  The  formation  of  these  calci^  ia  attributed  by  Thudichum  m  i 
decomposition  of  the  bile,  similar  to  the  putrefaction  which  takes  place  when  it  is  re- 
moved from  the  gall-bladder.     (See  Gall-Stoxbs.) 

See  Pumice-Stone. 


TAaX  TUBOXT  OF  BAXiTB.  The  theory  which  re^rards  Baits  as  com- 
jwunds  of  a  metal  with  an  acid  or  chlorous  radicle :  e,  g.  acetate  of  potanium  -» 
C^H»0».K :  nitrate  of  potassium,  NO".K,  &c.    (See  Acros.) 

BUM  ITS.  A  native  sulpharsenite  of  lead,  from  the  Binnenthal  in  the  VaJJ^ 
where  it  is  found  imbedded  in  white  granular  dolomite.  It  sometimes  forms  di^ir.i't 
prismatic  crystals,  belonging  to  the  rhombic  system,  but  more  frequently,  broad,  re^'- 
like,  crystalline  aggregations,  or  crude  masses :  it  is  very  brittle  and  fria.ble.  To^.  vr. 
steel-grev  to  iron-blaek,  or  light  lead-grey,  with  strong  metallic  lustre.  Opaque.  Str^^ 
reddish-brown.  Hardness,  2*5  to  3 '0.  Specific  gravity  6*0  to  6'6.  Its  compfi^i^in 
appears  to  be  liable  to  some  variation.  According  to  Waltershansen,  it  is  «  naixtnrv  in 
variable  proportions  of  arsenamciane,  Pb"S.As'S*,  and  tcUrocUue^  2Pb  :>-Ak">». 
(llandw.  d.  Chem.  ii.  [1]  1099.) 

Syn.  with  Anosthitb. 
Uniaxial  or  Magnesia  Mica.  See  Mica. 
(Brtula  all/a.) — The  bark  of  this  tree  contains,  according  to  John  (K^- 
pert.  Pharm.  xxxiii.  327),  one-third  of  its  weight  of  resin,  and  a  considerable  quanriTy 
of  tannin,  whence  it  is  used  for  tanning  leather,  and  for  black-dyeing,  especisJIy  of  riJ^ 
The  white,  easily  separated  epidermis  of  birch-bark,  contains  resin,  tannic  acid,  rx- 
tractive  matter,  and  ash,  consisting  chiefly  of  sesquioxide  of  iron,  silica,  and  Itrat-. 
The  red-brown  bark  on  the  lower  parts  of  the  stem  of  an  old  tree,  yields  by  succ«sj*iv» 
treatment  with  ether,  alcohol,  and  aqueous  potash,  a  resin,  C^H**0^  soluble  in  elhrr, 
a  red-brown  colouring  matter,  C"H*0*,  soluble  in  alcohol,  and  another  red-brown  sni^- 
Htance,  C'^H'^O*,  soluble  in  alkalis,  and  precipitated  by  acids.  (Stahelin  and  Hoci- 
s tetter,  Ann.  Ch.  Pharm  li.  79.) 

The  leaver  of  the  birch  contain,  according  to  Grossmann,  0*3  per  cent,  eieientia]  nil 
and  wax,  besides  tannin,  and  a  bitter  yellow  colouring  matter.  They  are  used  as  fodd.  f 
in  northern  countries. 

The  dry  woorf  of  the  birch  contains,  according  to  Earsten,  0*25  to  O'S  ptrp  cent,  as?  : 
according  to  Berthier  I'O  per  cent.  Berthier  found  also  in  100  pts.  of  the  a*h,  16  pt-v 
of  soluble  and  84  pts.  of  insoluble  salts.  Wittstein  (Pharm.  Centralb.  1861,  p.  404 \. 
has  analysed  the  ash  of  birch-wood  growing  on  different  soils:  vix.  a.  on  the  pal*^ 
ponitic  soil  of  Akareyri  in  Iceland,  composed  of  weathered  Tolcanic  rocks ;  6.  «.o 
the  sterile  calcareous  soil  of  Morschen  in  Kurhe-s^en,  belonging  to  the  Muschelkak 
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>rmatio]i ;  c,  on  the  sandy  soil  of  Marburg  in  Kurhessen,  belonging  to  the  sancbtou^ 
>rmation. 
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BncH-FUNora. — The  fiingus  of  the  birch-tree  contains  woody  fibre,  phoblaphene  (a 
uVwtanoe  also  contained  in  pine-bark),  fat,  a  bitter  principle,  nncrystallisable  sugar, 
uinin,  malic  acid,  tartaric  actd,  and  citric  acid.  It  yields  15*3  per  cent,  water,  and 
•2  per  cent  a«h,  containing  in  100  pts. :  50  K*0  ;  4  1  Na^O  ;  48-8  CaO  ;  6-6  MgO  ; 

I  Al«0*;  1-6  Fe'0«;4-4SO«;  06  CI;  16-6  P«0» ;  47SiO«;  16-9  C0«.  (J.Wolff, 
ierteljahrschrifl  f.  prakt.  Pharm.  iii.  1.) 

BncH-jncs.  Bxbch-water. — ^This  liquid  is  obtained,  like  the  juice  of  the  maple, 
y  boring  the  stems  of  the  trees  in  February  and  March.  A  tree  of  average  size  yields 
bout  8  Utres  of  juice,  oonsistine  chiefly  of  sugar,  together  with  nitzogenous  substances 
ad  yarious  salts,  including  acid  tartrate  of  potassium.  It  easily  ferments,  and  quickly 
urns  sour  when  exposed  to  the  air.  In  some  localities,  as  in  the  Harz,  in  Coul*]and, 
nd  in  Liyonia,  it  is  used  for  the  preparation  of  an  effervescent  wine. 

BxscH-oiL. — All  parts  of  the  birch-tree  appear  to  contain  an  essential  oil.  The 
oung  leaves  and  buds  yield, by  distillation  with  water,  a  colourless  oil,  which  gradually 
urns  yellow  in  the  air,  has  the  aromatic  odour  of  newly  developed  birch-leaves,  and  a 
aste  mild  and  sweetish  at  first,  afterwards  balsamic  and  burning.  It  is  mobile  at 
4^  C,  becomes  viscid  at  0®,  and  solidifies  to  an  amorphous  mass  at  — 10^.  It  di»- 
olves  in  alcohol  more  readily  than  in  ether :  water  is  said  to  extract  a  stearoptene  (?) 
rom  it.    (Grossmann,  Rupert  Pharm.  xxiiL  827.) 

The  bark  of  the  Betula  lentOj  a  North  American  tree,  yields  an  essential  oil  identical 
nth  oil  of  winterg;reen  (salicylate  of  methyl) :  it  does  not  however  exist  in  the  bark 
eady  formed,  but  is  produced  from  a  crystalline  substance,  gaultherin,  contained  in  the 
>ark,  by  the  action  oi  a  ferment  in  presence  of  water,  in  the  same  way  as  bitter-almond 
>il  firom  amygdalin.    (Procter,  Amer.  J.  Pharm.  Jan.  1844.) 

BmcH-RssiN.    See  Bbtulin. 

BiBCH-Tji^  Dogged,  Black  Doggtrt  or  Degaelt,  Birch-tar  Oil. — In  Russia  and 
>ther  northern  countriee,  the  bark  of  the  white  birch  is  subjected  to  a  kind  of  down- 
rard  distillation,  in  conical  pits  20  or  25  feet  deep,  covered  over  first  with  a  roofing 
if  straw,  and  then  of  turf  and  mould,  having  holes  to  regulate  the  admission  of  air,  as  in 
he  cbaKoal  mailers.  By  this  process,  two  products  are  obtained,  namely,  charcoal  and 
ar,  the  latter  amounting  to  60  or  70  per  cent  of  the  bark.  It  is  a  brown-black  viscid 
iquid,  used  for  coating  wood,  and  also  for  lubricating  carriage  wheels,  as  it  remains 
iquid  even  at  very  low  temperatures. 

This  tar  when  diatilled  yields  a  brown  strong-smelling  acid  oil,  and  on  rectifying 
his  oil,  a  liquid  hydrocarbDU,  having  the  composition  of  oil  of  turoentine,  passes  over 
\t  100^  C,  mixed  with  an  osnrgenat^  oil,  the  proportion  of  the  ktter  ^adually  in- 
leasing  as  the  distillation  advances.  The  oxygenated  oil  may  be  remor^  by  potash- 
oy,  and  the  hydrocarbon,  C**H'*,  is  left  belund.  Its  smell  is  like  that  or  oil  of 
urpendne,  but  more  agreeable,  recallins  that  of  birch-bark.  Specific  gravity  0*87 
Lt  20<>  C.  Boihi  at  1660.  Vapour-density  6*2  (calculation  2  vols.  4'8).  At  - 16^  it 
ieposits  a  small  quantity  of  stearoptene.  Sparingly  soluble  in  water,  readily  in  alcohol 
md  ether.  It  absorbs  oxygen  rapidly  from  the  air,  giving  off  carbonic  anhydride,  and 
>eing  converted  into  a  resinous  mass.  It  is  also  oxidised  by  nitric  acid,  giving  off 
lydrocyanic  acid,  and  yielding  two  acid  resins.  It  absorbs  82  per  cent  chlorine,  with- 
mt  forming  a  crystalline  compound.  Betulin  is  perhaps  formea  from  this  hydrocarbon 
>y  oxidation.    (Sobrero,  J.  Pharm.  [3]  ii.  207.) 

BZSB&ZMB.  The  best  birdlime  is  made  of  the  middle  bark  of  the  holly,  boiled 
eren  or  eight  hours  in  water,  till  it  is  soft  and  tender ;  then  laid  in  heaps  in  pits  in 
he  ground  and  covered  with  stones,  the  water  being  previously  drained  from  it ;  and 
n  this  state  left  for  two  or  three  weeks  to  ferment,  till  it  is  reduced  to  a  kind  of  muci* 
age.  This  being  taken  from  the  pit^  is  pounded  in  a  mortar  to  a  paste,  washed  iu 
iver  water,  and  kneaded,  till  it  is  free  frt>m  extraneous  matters.  In  this  state  it  itt 
eft  four  or  five  days  in  earthen  vessels,  to  ferment  and  purify  itadi^  when  it  is  fit  for  use. 

It  may  likewise  be  obtained  from  the  mistletoe,  the  V^umum  lantana^  young  shoots 
if  elder,  and  other  vegetable  substances. 
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[,  590  BISMUTH. 

1  It  is  BomptimpB  adulterali^  with  turpenlioc,  oil,  riuegBr,  and  other  m»tt« 

j  OiHxl  birdliriic  is  of  n  pvenish  colour,  ukI  bout  ttarour;  glurj,  «thiiey. 

i  ciou'".  and  in  smtU  waenibling  linseed  oil     Bjeipoeure  to  theiiir.  it  breome 

brillle,  so  that  it  maj  be  powdered;  bat  its  viaciditj  is  restored  by  w« 
reddpna  tincture  of  litmus.     Exposed  to  ■  gentle  heat,  it  liqnefica  slight]?. 
I  bubbles,  becomes  grumom,  emiW  a  smell  resembling  tbst  of  animal  oils,  grm 

I  but  reeoTprs  its  properties  on  cooling,  if  not  heated  loo  much.     With  a  greati 

j  burns,  giiring  out  a  brisk  flame  sod  much  smoke.     The  residae  contsina  soli 

I  chloride  of  potiissium,  earbonats  of  calcium,  and  alumina,  with  a  smali  portic 

ij  BXSMVXa.     Sumbol  Bl     Alomic  wnghl  20S   (Schneider);  ItO   (Di 

I  The  metal  bismuth  has  long  been  known,  but  was  formerlj  oflen  mnfoundw 

uid  Ipad.     It  is  principally  found  in  the  metallic  stale,  but  also  occurs  io 

I  lion  with  snlphnr,  oijuen,  and  tellurium.     In  Cornwall  and  Cumlierbnd  il 
ttMocialed  with  ores  of  cobalt,  and  in  Siberia  with  lead,  in  the  form  of  net 

I  UiiiititK-tead-ore. 

For  the  arts  it  is  prepared  almost  exclusive!/  from  native  bismoth.  &Dd 

II  source  for  it  is  .'^axonj,  where  it  occurs  in  metallic  reins  in  gneiss  and  day-sLi 
j  panying  ores  of  nilver,  copper,  lead,  and  tin. 

■)  The  process  of  extraction  is  yeij  simple,  the  mineral  being  merelj  hota 

I  vesst'la,  so  as  to  mett  the  biBmnth,  and  tberelij  separate  it  from  the  ftan^e. 

I  panying  rock.     The  fusion  is  perfomied  in  iron  tubes,  Uid  in  an  inclined  p 

1  a  furnace  IJig.  100),    The  ore  is  introduced  at  the  upper  end.  tf,  which  is  thei 

„.  The  other  end.  6.  is  cl 

I  ^'S-^'^-  anironpUt^llUTinj-aD, 

{  through  whicli  the  mel 

'i  mns  into  earthen  pota. 

,'  by  a  few  coiJa  plafvij  in 

)  K,  below,  so  as  to  k<wp 

il  in  t^e  melted    stale.      1 

.1  ladled  oat  and  run    iol 

:  (See    Vr^i    Ihetiutiary 

Manufaclura.  and  Mt" 

Aa  thus  prepared,  th 

,  impure^  containinf;   sul 

I  arsenic,  copper,  nickel, 

I   other  metals.     It  ihht  I 

•jff^      ^wv.    i«.    «w»YWf;^^^^i^v*^^:-^,s>.    ^^  p,^^  it  in  •   cro. 

■bout  ^  Its  weight  of 

keeping  it  melted  at  s  tomperBlnro  not  too  much  above  its  point  of  fiisioD.  tl 

being  eontinuaUy  stirred.     The  nitre    at  first  bjuid  soon  solidifies   fonninf 

impuntipfl  a  slag   which  collects  on  the  surface  of  the  metal.     By  ref* 

,  operation  a  second  lime,  the  metdl  is  obtained  pnre. 

\  Small  quantities  of  bismuth  existing  in  lead-,  copper-,  and  BilveporeB.  ofii 

conccDtnited  in  the  secondary  products  of  metallurgic  operations,  wcpecia. 
process  of  separating  silver  from  lead  by  cupellstion.  The  lead  oxidi»C9  it 
the  bismuth,  so  tbat  towards  the  end  of  the  operation  a  blackish  litharge  is 
containing  bismnth;  and  by  reducing  this  mixed  oiide,  and  apiin  eupellin 
suiting  alloy  of  lead  and  bismuth,  the  lead  is  oxidised  and  metallic  biomulit 
(Jahreabcr.  f.  Chem.  ISoB,  711.) 

To  obtain  chemically  pure  bismuth,  the  metal  is  dissolved  in  nitric  acid ;  t 
clear  solution,  a  laige  excess  of  water  is  added,  which  precipilstes  the  bismull 
nitrate,  the  other  substances  remaining  in  solution.  The  precipilat*  ij  irrl 
dried,  mixed  with  bUck  flui,  and  reduced  at  a  gentle  heat  in  a  micible,  at  ll 
of  which  a  renins  of  pure  metal  is  found. 

Proprriift.  — Bismuth  is  a  metal  of  a  greyish-white  colour,  with  a  disticc 
tings.  When  pure,  it  crvslaJlises  mors  readily  than  any  other  metal  Itmaybe 
in  beautiful  crystals  by  the  following  method.  A  few  pounds  are  melted  in  ■ 
and  then  poured  into  an  earthen  dish  previously  ma^bot  WIjpq  the  surf; 
metal  has  become  covered  with  a  crust,  it  is  pierced  on  two  opposile  pointa  ■ 
of  red  hot-iron,  and  the  liquid  metal  allowed  to  run  oat.  On  atterwaidii 
removing  the  crust,  the  sides  of  the  interior  are  found  lined  with  beantifiil 
often  in  pyramidal  cubes  like  the  crystals  of  chloride  of  sodium.  They  po«w 
descent  laatre,  arising  fiwn  a  very  thin  fihn  of  oxide  which  has  boen  formed 
surface  white  still  hot,  and  exhibits  the  colours  of  thin  plates.  Native  bism 
tallises  in  cubes,  and  combinations  of  the  cube  with  the  octahedron  ;  alw  ii 
tl  f ruhedrons,  with  clea?age  very  distinct,  parallel  (o  the  tsces  of  the  ocUhedroi 
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KrystalUgrttphie),  In  Dana's  Mineralogy  (iii.  20X  on  the  other  hand,  the  ciyBtalline 
tomi  IB  stated  to  b^ng  to  the  hezagonal  ■jrstem.  Bismnth  appears  therefore  to  he 
dimorphous.  Its  specific  graTity  is  9*83,  and  it  exhibits  the  sing;nlar  anomaly,  that 
when  it  has  been  cxpoaed  to  g;reat  pressure,  its  density  becomes  less.  Pure  bunnnth 
which  has  been  eatposed  to  a  pressure  of  200,000  pounds,  was  found  to  have  the 
ftpecifie  gravity  9*566.  It  melts  at  264°  C,  and  expands  about  ^  in  solidifying. 
Hence  its  specific  gravity  is  ^;reater  in  the  liquid  than  in  the  solid  state.  At  a  high 
t4>znperature,  it  may  be  distilled,  and  then  sublimes  in  l<nwiTi»  It  is  tcxt  brittle, 
haa  a  laminated,  crystalline  fracture,  and  is  easily  reduced  to  powder.  Of  all  metals 
it  exhibits  in  the  highest  degree  the  phenomena  (Xf  diamagnetism. 

Exposed  to  drr  or  moist  air,  it  does  not  alter,  but  when  exposed  in  contact  with  water 
in  an  open  Teasel,  it  becomes  oorered  with  a  film  of  oxide  of  bismuth.  Heated  in  the 
air,  it  Dums  with  a  bluish  fiame,  forming  yellow  fumes.  It  decomposes  water  at  high 
t«mperatures  only.  Concentrated  hydrodiloric  acid  acts  on  it  with  difficulty;  sul- 
phuric add  attacks  it  only  when  hot  and  concentrated.  Nitric  add  briskly  attacks  it 
And  effects  complete  solution. 

Bismuth  forms  three  classes  of  compounds  in  which  it  is  di-^  tri-f  and  pent-atomic, 
reepectirely.  The  tri-atomic  compounds  are  the  most  stable  and  the  most  numerous. 
e.  ff,  BiCP,  Bil',  BiK)*.  Sereral  di-atomic  bismuth-compounds  are  also  known, 
wiz.  BiBr*,  BiCl*,  BiP,  BiH)\  and  Bi^.  The  only  pent-atomic  bismuth-compounds 
hitherto  obtained  are  the  pent-oxide  BiH)*,  together  with  the  corresponding  acid  and 
■alts.  >  £.  A. 

Plumbo-cupreous  sulphide  of  bismuth.    See  Nxbdle* 

BXSBSITTB*  A&XiOTS  OV.  Bismuth  unites  readily  with  other  metals,  forming 
«aaily  ftisible  compounds. 

A  Tis.^Te  ttrsentae  of  insmtUh  containing  3  per  cent  of  the  latter  metal,  occurs  at 
Palmbaum,  near  Marienberg.  It  has  a  radiated  texture  like  native  sulphide  of  anti- 
mony. Specific  gravity  6*392.  Hardness  *=  2  (Breithaupt).  14  pts.  of  bismuth 
fnaed  with  1  pt  of  arsenic  yield  an  alloy  which  expands  strongly  in  solidifying. 

Antimony  unites  in  all  proportions  with  bismuth,  forming  brittle  alloys ;  that  which 
contains  equal  parts  of  the  two  metals  expands  considerably  in  solidifying. 

The  most  remarkable  alloy  of  bismuth  is  that  known  as  "fusible  metal,"  which 
consists  of  1  pt  of  lead^  1  of  fin,  and  2  of  bismuth.  It  melts  at  93*76  C.  Accord- 
ing to  Erman,  it  dilates  in  an  anomalous  manner  when  heated.  It  expands  regu- 
lariy  from  82^  to  96®  C,  and  then  contracts  gradually  to  131® ;  at  which  point  it 
occupies  a  lees  bulk  than  it  did  at  32® ;  it  then  expands  till  it  reaches  174®,  and  from 
that  point  its  expansion  is  uniform.  On  account  of  this  property  of  expanding  as  it 
coola,  while  still  in  the  soft  state,  it  is  much  used  for  taking  impresdon  fit>m  £es,  as 
even  the  fiiintest  lines  are  reproduced  with  minute  accuracy.  An  alloy  of  bismuth 
with  potaanum  ia  obtained  when  bismuth  is  fused  with  cream  of  tartar,  6  pts.  bismuth 
to  4  pts.  tartar.    (For  the  other  alloys  of  bismuth  see  the  several  metals.)        R  A. 

BZSanm,  BmOIOXBBS  or.  The  trv-hromide,  Bi'^r',  is  formed  by  heating 
bismuth  with  excess  of  bromine.  It  is  a  steel-grey  substance,  like  ftised  iodine ;  melts 
at  200®  C,  and  boils  at  a  dull  red  heat,  with  formation  of  hyadnth-red  vapourSi 
Heated  with  metallic  bismuth,  it  yields  a  brown  crystalline  mass,  probably  a  tU-bro* 
tnide  BiBr*,  but  it  has  not  been  obtained  pure.    (Weber.)  £.  A. 

BZamiTB,  CB&OSZBBS  or.  7HciUoru2«,Bi"Cl'.— Bismuth  and  chlorine 
readily  combine,  with  evolution  of  heat  and  light  if  the  metal  be  finely  divided.  On 
hcitting  bismuth  in  a  tubulated  retort,  in  a  current  of  chloriner  triehlonde  of  bismuth 
distils  as  a  white  easily  Visible  substance.  It  readily  attracts  moisture  from  the  air, 
becoming  converted  into  a  crystallised  hydrate.  The  same  substance  is  produced 
when  bismuth  is  dissolved  in  aqua-regia,  and  the  excess  of  add  evaporated.  Chloride 
of  bismuth  dissolves  in  water  containing  hydrochloric  add ;  by  pure  water  it  is  de- 
composed into  hydrochloric  add,  which  dissolves  a  portion  of  uie  chloride,  and  a  pre- 
cipitate consisting  of  oxychloride  of  bismuth : 

Bia»  +  HK)  -  BiClO  +  2Ha 

When  a  solution  of  nitrate  of  bismuth  is  poured  into  solution  of  common  salt,  a  white 
crystalline  predpitate  is  formed,  which  is  also  oxychloride  of  bismuth,  BiCl'3iK)* 
or  BiClO.  It  is  used  for  paint,  and  is  known  as  "pearl  white."  Chloride  of  bismnth 
forms  ciystallisable  double  salts  with  the  chlorides  ik  potasdum,  of  sodium,  and  of  am- 
monium. They  are  isomorphous  with,  and  analogous  in  compodtion  to,  the  correspond- 
ing double  ohloridee  of  antimony. 

DiCHLORiDB  OP  BisinrrH,  BiCl*,  is  produced  by  heating  the  trichloride  with  metal- 
lie  biflnnth,  also  by  the  direct  action  of  chlorine  upon  bismuth,  provided  the  action 
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be  moderated  by  confiuing  the  current  of  clilorine  to  the  upper  part  of  thr  iw^^vt 
Partial  reductiuu  of  the  trichloride  is  likewise  effected  by  phoi8|>liorus,  sine,  tia,  mtr- 
cury.  and  silver.  The  dichloride  is  a  brown  crystalline  mass  easily  fiisible  and  «in.t 
decomposiKl  by  water  or  by  a  strong  solution  of  sal-ammoniac:  At  a  high  tcnpcri- 
ture,  it  is  resolved  into  metallic  bismuth  and  trichloride.  (R.  Weber,  Pbn-  Aan. 
cvii.  696.)  K  i. 

BZBMUTU  CVPXBOVS.    Sec  Tannenitb  and  WimcHm. 

aXSMlTTB,  BBTBCTZOW  AVB  B8TZMATZOS  Or.  Blowpipe  rta-. 
tions. —  All  bismuth-salts,  and  likewise  the  sulphide,  are  easily  redaeed  brmixii^ 
them  \i-ith  carbonate  of  sodium,  and  heating  the  mixture  on  charcoal  in  the  iaof 
blowpipe  flame.  A  brittle  bead  of  metallic  bismuth  is  thereby  produced,  and  i 
lemon-yellow  oxide,  similar  to  lead-oxide,  but  darker,  is  deposited  <Ka  the  <iv> 
coal  around.  This  deposit  disappears  when  heated  in  the  redacing  6anie,  vitkc 
colouring  the  outer  flume,  a  cliaracter  by  which  it  is  distinguished  from  lead.  Oxidi 
of  biamuth  is  easily  reduced  on  charcoal  without  addition  of  soda. 

In  borax  on  platinum- wire,  bismuth-oxide  dissolves  to  a  dear  g^laat,  jdlow  vUk 
hot,  and  colourless  when  cold,  if  not  supersaturated ;  in  the  latter  ease,  yeU0viik< 
red  while  hot,  yellow  when  cold.  In  the  inner  flame  on  charcoal,  the  baraz-glHi 
becomes  grey  and  turbid,  afterwards  perfectly  clear.  The  addition  of  Mil  makit  it 
griT  at  first,  but  after  complete  reduction,  colourless  and  transparent. 

hi  phosphorus-salt  on  platinum- wire,  a  small  quantity  of  bismuth-oxide  fimi  i 
oiilourless  glass;  with  a  largo  quantity,  the  ghiss  is  yellow  while  hot,  cokmrim, <f 
sometimes  enamel-white,  on  cooling.  On  charcoal,  ivtpecially  with  addition  cf  ti^ 
the  glass  is  transparent  and  colourless  while  hot,  but  becomen  blackiah-gr^  lad 
opaque  on  cooling.     (Berzelius  ami  Plattner.) 

L  iq  u  id  Ri'a  c  t  io  n  s.  —  The  salts  of  bismuth  are  mostly  colourless.  Thty  hare  so 
acid  reaction,  and  their  solutions  when  diluted  with  toaUr,  become  milky,  and  yicU  i 
whit«  precipitate,  consisting  of  an  insoluble  basic  salt,  wliile  an  acid  salt  rensiiii  n 
solution.  This  reaction  is  be^t  seen  with  the  chloride,  as  the  oxychloride  fiinned  ii 
almost  absolutely  insoluble,  /ron,  copper^  lead^  and  //»,  precipitate  bismuth  fioB  its 
Folutions  in  the  metallic  state.  Sulphydric  acid  and  sulpmde  of  avKmomimm  thnv 
down  a  brown-black  precipitate  of  trisulphide  of  bismuth,  insoluble  in  excess  cf  ill* 
phide  of  ammonium.  Caustic  afkalis  nnd  their  earbonaks,  pkospkates^  ntmUtn,  sad 
fartratfs,  throw  down  white  precipitates,  insoluble  in  excess  of  caustic  potash  or  lod^ 
Chroniatc  of  potassium  throws  down  a  yellow  precipitate  of  chromato  of  bismttk. 
insoluble  in  caustic  potash.  Soluble  sulphates  produce  no  predpitateL  This  IsM 
charactor,  together  with  the  insolubility  of  the  precipitated  chromate,  hydntch  &&, 
ill  caustic  potash,  distinguishes  bismuth  from  lead.  From  antimony,  whicn  tcssbUm 
it  in  the  decomposition  of  its  salts  bv  water,  it  is  distinguished  by  its  behaTiosr  wilk 
sulphydric  acid,  and  by  the  insolublility  of  the  baaic  siuts  thrown  down  bj 
tartaric  acid. 

Quantitative  Estimation,—  The  best  reagent  for  precipitating  bismuth 
most  of  its  solutions,  is  carbonate  of  ammonium,  which,  when  added  in 
throws  down  the  bismuth  completely,  provided  the  liquid  be  left  to  stand  fir 
hours  in  a  warm  place.  The  precipitate,  after  being  washed  and  dried,  nmrt  bt 
ttoparatcd  from  the  filter  as  completely  as  possible,  the  filter  Beparately  burned,  lad 
the  precipitate  ignited  in  a  porcelain  crucible ;  a  platinum  crucible  wouM  be  attadud 
by  it  on  ipiition.  It  consists  of  trioxide  of  bismuth,  BiK)*,  containing  89*66  per  eisL 
of  the  metal. 

If  the  solution  contains  hydrochloric  acid,  the  bismuth  cannot  be  estimated  bj  pit- 
cipitation  with  carbonate  of  ammonium  or  any  other  alkali,  because  the  precipitate  lo 
formed  would  contain  oxychloride  of  bismuth,  and  on  igniting  it,  part  of  the  bimith 
would  be  volatilised  as  chloride.  In  this  case,  therefore,  the  bismuth  most  be  pnci- 
pit-at<^d  by  sulphydric  acid,  the  sulphide  of  bismuth  oxidised  and  dissolved  by  nitric 
acid,  and  tiie  diluted  solution  prKdpitated  by  carbonate  of  ammonium. 

Atomic  Weight  of  Bismuth. — The  first  approximately  correct  dctenninatiow  rf 
the  atomic  weight  of  bismuth  weni!  made  in  1815  by  Lagerjhelm  (Ann.  Ch.  vi^, 
161),  who,  from  the  proportion  of  bismuth  in  the  sulphide  Bi-'S*.  in  the  oxide  Bi^O", 
and  the  sulphate  Bi^SO^)',  estimated  the  atomic  weight  at  214*8,  212-8,  and  SlS-i 


rcs|H.'ctive]y.     L.  Gmclin  (Handbook,  iv.  428)  found  tliat  these  nnmben  wetos 
high,  and  that  the  oxide  BiK>'  contained  at  least  10-33  per  cent  oacygen ;  vbon 

QQ.A7  „  40 

Bi= :  O'  =  89-67  :  10-33 ;  and  Bi  =     "       i^.vo     "  208-2  at  most. 

2    X    lO'oS 

Tliis  result  was  confirmed  by  Schneider  in   IRol  (Pi^gg.  Ann.  IxxxiL  80S)l    Fttv 

bismuth  was  oxidised  by  nitric  acid  in  a  flabk  (,the  NimiU  portions  of  metal  earned  (M 
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bj  the  Ttpoun,  b^iaff  eolkcted  and  allowed  for),  the  sdatioii  eraporated,  and  the 
i^esidae  gently  ienited.  Eight  ezperimenti  thna  made,  ihowed  that  100  pis.  of  tri- 
oxide  of  bismath,  Bi^O*.  contain  from  10*318  to  10*366  pts.  oxygen;  mean  »  10*346: 

whence  Bi  -  ££l^  x  48  »  208*0. 
*^  *^        20*690 

Lastly,  Dumas  (Ann.  Ch.  Pharm.  cziii  88),  has  detcrmiasd  the  atomic  weight  of 
bismuth  by  decomposing  the  trichloride  BiCl'  (prepared  by  passing  chlorine  gas  over 
biflmuth,  and  distilling  till  the  product  paiwBd  over  is  colourless),  with  excess  of  car- 
bonate of  sodium,  and  estimating  the  cnlorine  in  the  filtrate  by  means  of  a  standard 
■ilTer-solntion.  Three  experiments,  with  the  purest  portion  of  the  distillate,  gave 
the  numbers  209*88,  210*08,  and  210*27.  Dumas  considers  210  to  be  the  correct 
number. 

Separation  of  Bismuth  from  other  Elements. — From  the  nonrmitalUc  aX^ 
ments  (excepting  seUnium\  and  from  the  alkali-metals^  bismuth  is  separated  by  carbo- 
nate of  ammomum;  from  the  earth^^metals^  and  from  tron,  cobalt,  nickel^  and  the 
other  metals  of  the  second  group  (p.  217),  it  is  sc»>arated  by  sulphvdric  acid ;  from 
ten,  ttrsenie,  antimony,  and  Ullurium,  by  sulphide  of  ammonium ;  and  from  copper  and 
cadmium^  by  ammonia.  The  separation  of  bismuth  from  cadmium  may  also  be  effected 
by  cyanide  of  potassium,  which  dissolyes  the  latter  as  cyanide  of  cadmium  and  potas- 
sium, and  precipitates  the  bismuth.  The  precipitated  bismuth,  howeyer,  always 
contains  potash,  and  must  therefore  be  dissolyed  in  nitric,  acid,  and  precipitated  by 
carbonate  of  ammonium.  Another  mode  of  separating  these  two  metals,  giyen  by 
Lowe  (J.  pr.  Chem.  IxyiL  464),  ht  to  heat  the  solution  containing  them  with  acid  chro- 
mate  of  potassium,  which  throws  down  the  bismuth  as  BiH)'.2CrO',  and  retains  the 
cadminm  in  solution. 

The  separation  of  bismuth  from  lead  cannot  be  effected  by  caustic  potash,  although 
lead  is  soluble  in  that  reagent,  and  bismuth  insoluble ;  lor,  when  the  metals  are  mixed 
in  solution,  the  oxide  of  lead  precipitated  by  potash  always  carries  some  bismuth- 
oxide  down  with  it  The  two  metals  may,  however,  be  separated :  —  1.  By  sulphuric 
acid.  The  acid  is  to  be  added  in  excess,  the  solution  evaporated  till  the  excess  of 
sulphuric  acid  begins  to  volatilise,  and  then  diluted  with  water,  whereupon  the  sulphate 
of  lead  is  left  undissolved,  while  the  sulphate  of  bismuth  dissolves  completely,  pro- 
vided sufficient  excess  of  sulphuric  acid  is  present.  The  sulphate  of  lead  is  then 
collected  on  a  filter,  and  washed  with  water  containing  sulphuric  acid,  and  the  bismuth 
is  precipitated  from  the  filtrate  by  carbonate  of  ammonium,  after  the  excess  of  add 
has  be<^  partly  neutralised  by  ammonia.  This  method  is  not  quite  exact,  because 
sulphate  of  lead  is  not  perfectly  insoluble  in  acid  liquids ;  sulphuric  acid,  however, 
dissolves  lees  of  it  than  any  other  acid. — 2.  Another  mode  of  separating  lead  from 
bimiith,  is  to  dissolve  the  two  metals  or  their  oxides  in  nitric  add  oilntMl  with  a  very 
small  quantity  of  water,  then  add  hydrochloric  add  in  suffident  quantity  to  convert 
the  metals  into  chlorides,  and  afterwards  a  oonsiderahle  quantitjr  of  8tron|^  alcohol 
mixed  with  a  little  ether.  The  chloride  of  bismuth  is  thereby  held  in  solution,  while 
the  chloride  of  lead  is  completely  precipitated,  and  may  be  collected  on  a  weighed 
filter,  and  washed  with  ale<wol  containing  ether.  Lastly,  the  alcoholic  solution  ol 
diloride  of  bismuth  is  diluted  with  water,  the  alcohol  evaporated,  and  the  bismuth 
predpitated  by  sulphuretted  hydrogen.  This  method  becomes  more  exact  as  the  alcohol 
used  is  stronger.  —  8.  UUgren  separates  bismuth  from  lead  by  predpitating  the  two 
metals  as  carbonates,  redissolving  them  in  acetic  add,  and  immersing  in  the  liquid  a 
weighed  strip  of  dean  sheet-lead,  whidi  must  be  completely  covered  by  the  hquid ; 
the  vessel  is  then  closed  and  left  to  itself  for  several  hours.  The  bispiuth  is  thereby 
predpitated  as  a  metallic  powder.  It  is  rinsed  off  the  sni&ce  of  the  lead,  which  is 
then  dried  and  weighed,  and  the  predpitated  bismuth  is  collected,  dissolved  in  nitric 
acid,  and  predpitated  by  carbonate  of  ammonium,  or  estimate  by  simply  evaporating 
the  solution  and  igniting  the  reddue.  The  lead  in  the  solution  is  also  predpitated  by 
carbonate  of  ammonitmi,  and  the  carbonate  of  lead  is  converted  into  oxide  oj  ignition, 
and  weighed,  a  deduction  being  made  of  the  quantity  of  lead-oxide  oorre^nding  to  the 
lead  which  has  been  dissolved. — 4.  When  load  and  bismuth  are  mixed  m  the  metallic 
state,  they  may  be  separated  by  passins  chlorine  over  the  heated  alloy,  chloride  of 
bismuth  then  volatilising,  while  chlorioe  of  lead  remains.  Oreat  care  is,  however, 
required  in  regulating  the  heat»  as  too  high  a  temperature  would  volatilise  some  of  the 
chloride  of  lead,  and  if  the  heat  be  too  low,  a  portion  of  the  chloride  of  bismuth  will 
remain. 

For  the  separation  of  bismuth  from  merewy,  silver,  gold^  platinum,  and  its  allied 
metals,  see  the  several  metals. 

Valuation  of  Bismuth-ores,  —  Ores  containing  only    metallic  bismuth,  are 
assayed  by  heating  them  in  a  crudble  perforated  at  the  bottoam  and  standing  over  a 
Vou  L  Q  Q 
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receirer,  into  whidi  the  melted  metal  nixis.  The  process  is  not  qvite  cotte^  §m  %  tsaSl 
quantity  of  the  metal  remains  mixed  with  the  ore ;  but  it  is  sufScteiit  for  ft  check  on 
the  results  of  the  smelting  on  the  laige  scale.  If  the  txe  likewise  oontains  milphide  of 
bismuth,  it  is  ignited  with  two  or  three  times  its  weight  of  black  flux,  sometimes  with 
addition  of  metallic  iron,  also  of  bcnrax,  if  much  earthy  matter  is  present.  If  the  ore 
also  contains  other  metals,  which  are  reduced  together  with  the  bismuth,  the  meta-'ili? 
button  must  be  dissolyed,  and  the  several  metals  sepanted  by  analysis  in  tLe  v^et 
way,  as  abore  described.    (Kerl,  Huttenkunde,  u.  S66.) 


WZiUOiRXDM  or.    Soluble  in  water  and  deposited  as  a  white  powder, 
when  the  aqueous  solution  is  eraporated.    (Berzelius.) 


I  or.  BiP. — Obtained  by  mixing  1  at  of  trisnlphide  cf 
bismuth  (which  has  been  prepared  by  precipitation)  with  3  at  of  iodine,  and  gru'lr 
heating  the  mixture  in  a  capacious  loosely  covered  glass  globe^  on  the  sides  of  whi.4i 
the  compound  condenses.  The  iodine  simply  takes  the  place  of  the  solphor  (Scb  n  c)- 
der.^  it  is  likewise  produced  by  thiowios  iodine  in  small  portions  into  a  tnl^  b 
whicn  bismuth  is  strongly  heate^  and  distilling  out  of  contact  with  the  air  (Webrr). 
It  forms  large  brilliant  grey  hexagonal  tables,  which,  according  to  Nickles 
(Compt  rend.  L  872)  are  isomorphous  with  the  tri-iodides  of  arsenic  and  anfiny  rr. 
Metallic  bismuth  decomposes  it  in  the  same  manner  as  the  tribromide.     (We^eri. 

An  oxyiodide  of  bismuth,  BilO,  is  formed  when  the  tri-iodide  is  heated  for  some  t^? 
in  a  crucible,  and  collects  below  the  oystallised  iodide  thus  obtained,  in  a  ma-?  of 
copper-coloured  rhombic  lamins.  In  a  close  vessel,  it  may  be  partiollT  volatili^-i 
without  alteration,  but  when  strongly  heated  in  contact  with  the  air.  it  is  codtttIj^ 
into  oxide.  It  is  not  decomposed  by  water  or  by  alkaline  solutions ;  liydro*-bJ..Tie 
acid  dissolves  it  without  alteration  ;  nitric  acid  decomposes  it,  with  separation  of  iodice. 
(Schneider,  J.  pr.  Chem.  Ixxix.  424.) 

A  sulphiodide,  BUS,  is  obtained  by  adding  to  melted  iodide  of  bisnrath,  as  nm-*) 
sulphur  as  it  is  capable  of  dissolving;  it  is  likewise  produced  in  the  preparation  <yf  t^* 
tri-iodide  bv  Schneider's  method,  and  collects  at  the  bottom  of  the  veweL  l-oj^ctKer 
with  a  small  quantity  of  the  iodide,  in  small,  shining,  steel-grey  needles.  It  affk^an 
to  have  the  same  form  as  the  tiisulphide.  (Sehneider,  J.  pr.  Cheoi.  l-g^?-*^  422  ) 
HA, 

BUMUTBf  OXZDafl  OV.  Bismuth  forms  two  definite  compoands  with  oxj^rtn.. 
Bismuthoua  oxide  or  trioxide  of  bisntuih^  Bi'O',  and  bumuthAe  oxide  or  itnUt/iirtJc, 
Bi'O*.  An  intermediate  oxide,  Bi'O*,  is  known,  but  it  may  be  regarded  as  a  comprnutd 
of  the  other  two — a  bismuthate  of  bismuth,  BiK)*.  Bi*0*.  A  dioxide,  BiK)*,  ap^tears  ai^o 
to  exist;  it  is  formed  when  a  solution  of  a  bismuth-salt  is  tnated  with  protoebi<>n'le 
of  tin.    A  corresponding  sulphide  is  known. 

BisMiTTHOus  OziDB,  or  Trioxidb  or  BisMiTTB,  K^O*,  is  fonned  when  the  m^^l  K 
roasted  in  air,  but  is  best  obtained  by  gentbr  igniting  the  snbnitrate;  It  is  •  pale  vdlnr 
powder,  which  melts  at  a  red  heat,  and  soudifies  on  cooling  to  a  glass  having  a  d*.-<T*T 
yellow  tint  It  occurs  native,  as  bismuth-ochre^  associated  with  iron  and  socne  tKhrr 
impurities  (BiW  86-4  per  cent ;  Fe*0»  61 ;  C0«  4*1 ;  water  3-4),  at  Schneeb^^rp  lo 
Saxony,  at  Joachimsthal  in  Bohemia,  and  with  native  gold  at  Beresof  in  Siberia 
(Dana,  ii.  141.) 

The  hydrated  oxide  of  bismuth,  BiHO*.  or  BiK)*H*0,  is  obtained  as  s  white  pwrrfti- 
tato  when  a  solution  of  subnitrato  of  bismuth  is  decomposed  by  an  j^Tk^ly  If  t}^ 
hydrato  be  boiled  with  potash,  it  loses  water,  and  is  changed  into  a  yellow  aysLiHuK 
powder  which  is  the  anoydrous  oxide. 

The  hydrato  is  occasionally  used  in  analysis  for  converting  into  oxides  cc»rtain 
metallic  sulphides  soluble  in  alkalis.  For  this  purpose,  the  alkaline  solutions  arv  boiled 
with  the  hydrated  oxide. 

Both  the  hvdrato  and  the  anhydrous  oxide  dissolve  in  the  viron^p  acids,  forrainr 
the  normal  bismuth  salts,  which  have  the  composition  Bi'"A*,  the  symbol  A  denot- 
ing an  add  radide,  e,  g. : 

Bia»;  Bi(NOV  -  ^r^'|0«;    Bi^SO^  -  [l^^jo*.  &c. 

Many  of  these  salts  crystallise  well,  but  cannot  exist  in  solution  unless  an  excesv  of 
acid  is  present  On  diluting  the  solutions  with  water,  a  basic  salt  is  precipitated,  »a»i 
an  acid  salt  remains  in  solution. 

BisMTJTHic  Oxide  or  Anhtdridb,  BiW ;— in  combination :  BtsvtrrBic  Acid.— P»«- 
pared  by  passing  chlorine  through  a  concentrated  solution  of  potash  which  eonttins 
hydrated  trioxide  of  bismuth  in  suspension.  A  blood-red  substance  then  sepamt*^. 
which  is  a  mixture  of  hydrated  bismuthic  acid,  and  trioxide  of  bismuth-     This  is  trealMl 
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with  dilate  nitrie  add,  which  diMolves  the  oxide,  bat»  in  the  cold,  does  not  attack  the 
acid. 

Binmnthie  oxide  is  «  bright  red  powder,  which  losee  part  of  its  oxjf^  at  a  tempera- 
ture little  aboye  100®  C.  and  becomes  converted  into  the  intermediate  oxide,  iBi'OS 
bismuthate  of  biamnth.  Adds  also  decompose  it»  xedndng  it  to  the  state  of  bismuthous 
oxide,  which  then  combines  with  the  acid. 

The  bismuthates  are  little  known,  and  of  no  importance;  according  to  Aippe, 
l>i»malhic  acid  forms  with  potash,  a  salt  which  is  an  aeid  Insmiiihate  of  potassium : 
Bi^KHO*  «  BiKO'.BiHO*.  E.  A. 


E 


I  or.    (p.  591.) 
'••AXiTS  or.    See  the  several  acids. 

a  or.    Melted  bismnth  takes  up  a  small  quantity  of 
hosphonis,  being  thereby  rendered  more  brittle  and  less  lammar,     Phosphoretted 
yilrogen  gas  throws  down  from  sdation  of  nitrate  of  bismnth  a  black  phosphide  o^ 
the  metal,  which  gives  off  all  its  phosphorus  bj  distillation.    (Berselius.) 

aZBBCUTSt  BMLiMMTDM  or«  Bismnth  and  seleninm  nnite  when  heated  toge- 
tlicr  with  faint  evolution  of  light  and  heat,  and  form  a  silver-white  mass,  having  a 
crystalline  fractore,  and  fiising  at  a  red  heat:  the  Aised  mass  has  a  specular  surface. 
(Berzelius.) 

BIHMUTU,  BUUnsXDMM  Or«  Bismuth  readily  unites  with  sulphur.  When 
the  two  substances  in  fine  powder  are  fused  together,  mey  combine,  with  disengage^ 
neut  of  heat.    Two  distinct  compounds  are  kn<nm. 

DisTTLfHiDB  OF  Bmnm,  Bi'S. — According  to  Wertheim,  it  is  obtained  crystallised 
\)j  melting  together  bismuth  and  trisulphide  of  bismuth  in  equivalent  quantities.  The 
mixture  is  then  allowed  to  cool  slowly,  on  which  the  sulphide  ciystallises  from  the 
liquid  metal,  which  may  be  poured  off  from  the  aystals.  More  recently  it  has  been 
shown  that  these  aystals,  although  giving  by  analysis  numbers  corresponding  to  BiS, 
are  really  a  compound  <^  tarisulpUde  of  bismuth  with  metallic  bismuth.  According  to 
Schneider,  disulphide  of  bismuth  may  be  prepared  in  the  moist  way,  by  mixing  an 
alkaline  solution  of  bismuthous  oxide  with  an  alkaline  solution  of  stannous  oxide,  and 
precipitating  with  sulphuretted  hydrogen.  The  tin  remains  dissolved,  and  a  black  pre- 
cipitate is  formed,  which,  when  washed  and  dried  in  the  water-bath,  ib  found  to  have  the 
composition  BiS.HH).  It  if  a  black  lustreless  powder,  which,  under  the  burnisher,  takes 
the  form  of  black  lamins. 

Trisulphidb  of  Bismxttk,  Bi%',  occun  native  as  bismuth-glance,  or  bismuthinef  in 
Cumberland  and  Cornwall,  also  in  Saxony,  at  Bastnas  in  Sweden,  and  according  to 
Shepard,  at  Haddam  in  Connecticut,  associated  with  chirsobeiyL  It  crystallises  in  ad- 
cular  prims  of  the  trimetrie  system,  isomoiphous  with  native  sulphide  of  antimony. 
00  P .  00  P  00  .  00  Poo  .  00  P  3  .  oP.  Inclination  of  oo  P  :  oo  P  »  91^  30'.  aeavage 
perfect  parallel  to  oP  and  oo  I^  oo ;  less  perfect  parallel  to  oo  I*  oo .  It  occurs  also 
massive,  with  foliated  or  fibrous  structure.  Specific  gravity  6*4  to  6*55.  Hardness 
«>  2  to  2*5.  Opaque,  with  metallic  lustre,  lead-grey  colour  and  streak.  Sectile. 
(Dana,  ii.  33.) 

The  same  compound  is  prepared  in  the  diy  way,  by  fusing  pulverised  bismuth  with 
one-third  of  its  weight  of  sulphur,  and  removing  the  excess  of  sulphur  by  a  second 
fusion.  A  laminated  mass  is  tnus  obtained,  composed  of  crystals  having  the  same  form 
us  the  native  sulphide.  According  to  Marx,  it  en>ands  to  the  amount  of  one-fourth  its 
volume  in  solidifying.  The  trisulphide  is  also  ootained  as  a  brown-black  precipitate, 
when  sidphydric  acid  gas  is  passed  into  the  solution  of  a  bismuth-salt.  £.  A. 

BZBMUTBt  SV&FBOCBXiOSZBa  Or.  BiSCI,  or  Bia'.Bi'S*.— This  com- 
pound is  best  obtained  by  graduaUy  adding  pulverised  trisulphide  of  bismuth  to 
raelted  ammonio-bismuthous  chloride  (2NH*c3.BiCl'),  and  washing  the  resulting  mass 
with  water  acidulated  with  hydrochloric  add.  It  is  also  formed  by  heatinff  the  same 
double  chloride  with  sulphur,  or  in  sulphydric  acid  sas.  It  forms  smafi,  metallic- 
shining,  blue-grey  crystalline  needles,  which  yield  a  red  powder.  Heated  in  carbonic 
acid  gas,  it  gives  off  chloride  of  bismuth  and  leaves  the  sulphide ;  heated  in  hydrogen, 
it  gives  off  hydrochloric  and  sulphydric  adds,  and  leaves  bismuth.  It  is  decomposed 
by  strong  hydrochloric  and  strong  nitric  add ;  also  by  alkalis,  which  remove  the  chlo- 
rine and  leave  an  oxysulphide.    (R.  Schneider,  Pogg.  Ann.  xciiL  464.) 

Bi^STe.    See  TsixunnTic. 

or.    The  two  metals  unite  in  all  proportions  by 
fusion. 

Native  silicate  of  bismuth.   See  Silicates. 
CB,  or  BISMUTBZirv.    Native  trisulphide  of  bismuth 
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BISMUTH-RADICLES,  ORGANIC. 


GrunatUU.  Sctynitt, — A  solphid^  of  bismntli  md  nicke], 
found,  together  with  quartz  and  copper  pyrites,  at  Griinau  is  Sayn  Altenkiirbiio, 
crystallised  in  reg^ular  octahedrons,  sometimes  perfect,  nometimes  haring  the  siunnutji 
more  or  less  replaced  by  faces  of  the  cube.  Cleayage  octahedraL  Specific  grsTity 
6*13.  Hardness  4*6.  Col« .ur,  light  Bteel-grey  to  silver- white,  often  yellowiih  or  greruk 
from  tarnish.    Its  composition  in  100  parts  is  given  bjr  the  following  analyst : 

8  Bi  Ni  Fe  Co  Cu  Pb 

38-46  1411  40-65  348  0'28  1*68  1-58  KobelL 

3199  10-49  2203  bb5  1124  11-69  711  Scimabt-L 

3310  10-41  22-78  606  1173  1166  4*36               „ 

Before  the  blowpipe  it  melts  to  a  grey,  brittle,  magnetic  globule,  colottring  the  rhar- 
coal  greenish-yellow.    Dissolves  in  nitric  acid,  excepting  the  sulphur.     (Dana,  ii.  44.^ 
BX0MUTB-4KnnUk    Native  trioxide  of  bismuth  (p.  694). 

BZSXUTB-SAlMKSXiSS,  OXflUURO.    The  only  compounds  of  this  cLd58  m 

yet  obtained,  are  the  Bismuthidea  of  Ethyl,  yiz.  BittrUihyl,  discovered  by  Lowig 
and  Schweizer  (Ann.  Ch.  Pharm.  Ixxv.  366),  and  further  examined  Ijt  Breed  \jil.il, 
IxxxiL  106),  and  Bisetht/l,  discovered  by  Diinhaupt  in  1864  {ibid.  xcii.  372). 

BisETHYL.  OTI*Bi,— The  chloride  of  this  radicle,  C*H*BiCl»  (?)  is  obtained,  toe^thr r 
with  a  precipitate  of  chloride  of  hydrargethyl,  by  the  action  of  bistriethyl  on  rh^jn^i«* 
of  mercury  (p.  696).  The  chloride  of  bisethyl  remains  in  solution  and  may  be  oV»^iJB*^i 
by  spontaneous  evaporation  in  crystals,  which  however  do  not  diswolve  connpletiflv  lu 
water,  but  leave  a  white  powder.  On  adding  iodide  of  potassium  to  the  ai^aeoos  » »io- 
tion,  then  diluting  with  water  till  turbidity  is  produced,  boiling  till  the  H>latioD  \x^ 
comes  clear,  and  leaving  it  to  cool,  iodide  of  tiseihyl  separates  in  yellow  8ix*«2«I«-d 
laminse,  which  appear  to  have  the  composition  <?H*BiI*.  A  solution  of  this  comjK'HiA 
in  hydrated  alcohol  treated  with  ammonia,  forms  a  yellowish-white  pr?dpil4it«?  ol  thr 
hydraled  oride,  which,  after  cb-ying  in  vacuo,  ignites  ^wntanconsly  in  the  air,  giving  off 
a  dense  yellow  vapour.  Tlie  oxide  appears  also  to  be  formed'  by  the  Bpont;iiar<«9 
oxidation  of  bistriethyl,  2  atoms  of  ethyl  being  eliminated.  Sulphide  of  U^th'/i  is 
formed  by  treating  the  iodide  with  sulphydric  add ;  and  the  nitrato  and  sul^d&te 
by  acting  on  the  iodide  with  the  corresponding  silver-salts.    (DiiD  hanpt.) 

BisTBDSTHYL,  or  Triethtl-Bismuthinti.  (CH*)*Bl  Binuthyl, — ^Formed  by  the 
action  of  iodido  of  ethyl  on  bismathide  of  potassium. 

Preparation. — Bismuthiile  of  potassium,  finely  pounded,  and  without  admixttxre  of 
sand,  IS  introduced  into  a  small  fla^sk ;  iodide  of  ethyl  added  in  excess ;  the  fiask  ckf^d. 
and  immediatclv  connected  with  a  long  narrow  distillation-tube  passinfr  rnto  a  nfrm^ 
surrounded  with  ice,  all  these  manipulations  being  performed  as  qiiidcly  as  po*isil>kr. 
In  a  few  minutes,  the  action  bei^ns,  the  mixture  becomes  heated,  and  the  exr<^«  rf 
iodide  of  ethyl  distils  over.  Water  free  from  air  is  then  introduced  into  the  Ou^k. 
which  is  immediately  closed  and  heated  in  the  water-bath,  till  the  mass  hetvmts  .-^rrt 
and  the  iodide  of  potassium  is  dissolved.  The  same  operations  are  repeated  with  a 
considerable  number  of  flasks;  the  disintegrated  contents  transferred  as  quifkly  as 
possible  into  a  large  flask  tilled  with  carbonic  anhydride ;  shaken  up  several  tim««  with 
a  large  quantity  of  ether ;  the  ethereal  solution  mixed  with  the  de-aerated  water ;  and 
the  ether  completely  distilled  off  in  the  water-bath.  The  bistriethyl  remaiiii^  at  the 
bottom  of  the  water,  and  is  purified  by  distilling  it  with  water  (it  cannot  be  di««tilW 
alone,  without  decomposition),  shaking  it  up  with  a  small  quantity  of  dilute  nitric  acid 
to  free  it  from  oxide,  and  drying  over  chloride  of  calcium.  During  all  these  operations 
the  air  must  be  carefully  excluded  (Breed).  3  lbs.  of  bismuthide  of  potassium  and 
1  lb.  of  iodide  of  ethyl,  yield  4  or  6  oz.  of  pure  bistriethyl     (Diinhaupt) 

Properties. — Transparent,  Teiy  mobile  liquid,  sometimes  colourless,  but  often  slightly 
tinged  with  yellow.  Has  an  unpleasant  odour  like  that  of  stibtriethyl,  and  its  vaf"oar. 
when  inhaled,  even  in  small  quantity,  produces  a  veiy  disagreeable  burning  sensatido 
on  the  tip  of  the  tongue  (Breed).  Insoluble  in  water,  sparingly  soluble  in  ether, 
readily  in  absolute  alcohol. 

Decofnpositions. — 1.  Bistriethyl  heated  in  a  retort,  begins  to  boil  at  about  60®  C, 
giving  off  a  gas  free  from  bismuth,  which  bums  with  a  clear  flame,  while  metallic  bis- 
muth separates  out  in  the  retort  If  the  heat  be  continued,  the  thermometer  rim^ 
above  160°  C,  and  continues  to  rise  till  a  sudden  and  violent  ejtplosion  takes  pla-e*-, 
which  shatters  the  apparatus  (B  r  e  e  d).  The  dilute  ethereal  solution  is  also  decomposed 
when  left  to  evaporate  in  the  air,  leaving  a  white  residue  of  hydrated  oxide  of  bisciuth 
^^Diinhaupt). — 2.  Bistriethyl  exposed  to  the  air,  gives  off  thick  yellow  vapiours  .mi 
takes  fire  with  slight  explosion,  difi\ising  a  dense  yellow  smoke  of  bismuth-oxide  ;  this 
effect  is  best  shown  by  moistening  a  piece  of  filtering  paper  with  the  liquid  and  ex- 
vomny;  it  to  the  air. — 3.  Fuming  nitric  acid  decomposes  bistriethyl,  with  explosion  and 
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Tnid  oomlmfllioiL — 4.  Bistriethyl  bcimt  in  chlorine  am  with  separation  of  ehaicoal, 
Aod  takes  fire  in  contact  with  bromine.  In  generaJ,  its  reactions  resemble  those  of 
0tibtriethyl  (Breed). — 6.  Bistriethyl  added  to  eolations  of  metallic  salts  (e.y.  to 
nitrate  of  silver  or  ooirosiTe  snblimateX  does  not  simply  throw  down  the  oxide,  but  is 
itself  decomposed.  On  adding  an  alcoholic  solution  of  bistriethyl  to  a  not  too  dilate 
solution  of  protochloride  of  mercury,  the  former  being  poured  slowly  and  with  constant 
Btirring  into  the  latter,  a  very  lai*ge  precipitate  of  mercuroos  chloride  is  immediately 
obtained,  chloride  of  bismuth  aad  hydrocmoric  ether  being  doubtless  formed  at  the 
ume  timcw  But  if  tlie  process  be  royersed,  and  a  hot  dilute  alcoholic  solution  of  oor- 
rosive  sublimate  be  poured  in  a  thin  stzeam  and  with  constant  stirring  into  a  dilute 
alcoholic  solution  of  bistriethyl  to  which  a  few  drops  of  hydrochloric  add  haye  been 
added,  to  prevent  s^taration  of  oxide  of  bismuth,  no  pedpitate  is  formed  at  first ;  but 
after  some  time»  a  bulky  precipitate  appears,  which  howeyer  is  again  completely  dis- 
Bolyed  if  the  liquid  be-  heated.  The  reaction  is  terminated  when  a  drop  of  the  li<juid 
no  longer  produces  a  white  precipitate  in  a  solution  of  corroeiye  sublimate ;  by  a  httle 
care,  it  mi^  be  arranged  that  neither  liquid  shall  predominate.  If  the  liquid  be  then 
heated  on  the  water-bath  till  it  becomes  perfectly  clear,  separated,  if  necessary,  from  a 
small  quantity  of  metallic  mercuiy  by  decantation,  and  then  left  to  cool,  light,  crys- 
talline, silyexy,  iridescent  iaminse  separate  out  and  gradually  fill  the  whole  flui£  These 
oystals  consist  of  chloride  of  hydrargethyl^  CH*Hg^'Cl ;  the  solution  from  which  they 
are  deposited  contains  ekloride  of  hi&ethyl^  CH^BiCl'  (Dunhaupt) : 

(C«H»)»Bi  +  2Hg^a«  -  2C«H»Hg*a  +  C«H*Bia« 

Combinatkmt. — Bistriethyl  combines  with  Bromine^  Iodine,  Sulpkur,  ftc ;  but  the 
eompoands  are  less  stable  than  those  of  stibtriethyL 

Bromide  of  Bistritikyl  appears  to  be  formed  when  bromine  is  added  to  an  alcoholio 
solution  of  bistriethyl ;  but  the  solution  deposits  bismuth  when  eyaporated. 

lodidt  of  Bi8tnelkyk — When  iodine  is  added  to  an  alcoholic  solution  of  bistriethyl, 
heat  is  evolyed,  the  colour  of  the  iodine  disappears,  and  iodide  of  bistriethyl  is  formed. 
This  compound  is  less  stable  than  iodide  of  stibtrici^yl ;  when  its  alcoholic  solution  is 
left  to  itself  for  a  while,  iodide  of  bismuth  separates  out    (Breed.) 

An  iodide  baring  the  composition  C*Hi*Bi*I\  or  (C>H»)'BiI*.Bi'P,  is  obtained  by 
adding  iodine  to  a  tolerably  strong  alcoholic  solution  of  bistriethyl,  tall  its  coiour  [no 
longer  ?]  disappears,  filtering  from  the  precipitate,  and  adding  to  the  filtrate  a  large 
quantity  of  water  at  40^  C.  A  small  quantity  of  a  ruby-coloured  liquid  separates ;  and 
\i  the  watery  liquid  be  poured  off  fit)m  this,  a  large  quantity  of  b^tifol  red  needle- 
shaped  crystals  aro  formed  as  it  coobi ;  these  must  be  immediately  collected  and  dried 
in  vacuo.  The  same  compound  is  formed  when  bistriethyl  is  left  for  a  considerable 
time  in  contact  with  dilute  nitric  acid  and  then  mixed  with  iodide  of  potassium.  It  is 
sparingly  soluble  in  water,  but  dissolves  pretty  readily  in  alcohol  and  ether;  the  solu- 
tions have  a  pale  yellow  colour.  The  compound  heated  on  platinum  foil  gives  off 
a  strong  yellow  vapour  which  takes  firo  on  coming  in  contact  with  fiame.  (Diin- 
haupt.)  

Another  iodine-compound,  having  the  formula  (C*H*)*BL2C*H*I,  is  contained  in  the 
above-mentioned  ruby-coloured  liquid ;  but  it  is  vezr  instable.    (Dunhaupt.) 

Sulphide  of  BUtruthyl,  has  not  been  obtained  in  the  separate  state.  Bistriethyl 
which  has  been  long  exposed  to  the  air  under  water,  gives  witi^  sulphuretted  hydro- 
gen, first  a  yellow,  then  a  brown  precipitate,  consisting  of  (OB.*)*Bi8.Bi^.  (Dun- 
haupt) 

BZSMVTS-8Z&VBX.  A  mineral  sometimes  occurring  in  aeicular  or  capillary 
crystallisations,  but  moro  generally  amorphous,  as  at  Schapbach  in  Baden ;  it  is  found 
also  in  the  cupreous  shale  of  Mansfeld,  Thuringia.  It  is  soft  and  sectile,  opaque,  with 
metallic  lustro  and  tin-white  or  greyish  colour,  subject  to  tarnish ;  ftactmre  Tmeven. 
Contains,  according  to  S^laproth^  analysis,  27  per  cent  bismuth,  33  lead,  16  silver, 
4 '3  iron,  0*9  copper,  and  16*3  sulphur.  A  bUmuth-silffer  from  the  mine  of  San  Antonio 
near  Copaipo,  Chili,  was  found  by  Domeyko  to  contain  60*1  per  cent  silver,  10*1  bis- 
muth, 7*8  copper,  2*8  arsenic,  and  19*2  gangne.  It  occurs  disseminated,  and  has  one 
or  more  imperfect  cleavages,  and  is  probably  either  monometric  or  rhombohedraL 
(Dana,  ii  16.) 

BXSMVTZTB*    Native  carbonate  of  bismuth.    See  Cahbohatbs. 


A    gum  resin  from  Arabia,  resembliiu:  myrrh.      (Vaughan, 
Pharm.  J.  Trans,  xii.  227.) 

MMBTMM.  A  brown  pigment  consisting  of  the  finer  parts  of  wood-soot  separated 
from  the  grosser  by  washing.  The  soot  of  beeeh-vrood  is  said  to  yield  the  best  bistre. 
(See  Urt^s  Dictionary  of  Arts,  Manufactures,  and  Mines,  i.  307.) 

'AXJMOXD  OZIte    A  peculiar  volatile  oil  obtained  by  distilling  bitter- 
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598  BITTEE-ALMOND  OIL. 

almonds  with  water.  It  was  discovered  by  Martrte  in  1803 ;  Stange  showed  that  lite 
OTstallised  acid  which  is  produced  from  it  is  benzoic  acid ;  Bobiquety  and  Lirbig  and 
Wohler  explained  its  formation ;  and  Liebig  and  Wobler  (1832,  Ann.  Ch.  Fhann. 
ladi-  I)  first  fully  examined  it.  It  is  also  obtained  from  the  amygdAlilewms  part*  uf 
mottPonua  and  AmygdaUa ;  from  the  leaves  of  the  cherry-laurel  (CVn»»# /«vr^ 
cer<utL9\  and  of  Cerasus  padits,  from  peach  and  cheny-kemels,  &c  It  is  powibiA 
that  many  of  these  oils  are  not  identical^  bat  isomeric,  with  bitter-almond  oil,  and  rii-U 
it  is  owing  to  their  presence  that  different  specimens  of  the  commercial  oil  yield  witb 


^  0- 

by  the  action  of  water  and  a  peculiar  ferment,  emuUtn  or  syn(^t<ur,  upon  th< 
amygdalin  contained  in  the  almonds,  which  is  thereby  converted  into  hydride  of  Un- 
aoyl,  hydrocyanie  acid,  and  glucose : 

C«H»^0"  +  2HH)  «  C'H«0  +  CNH  +  2C^H}Hy. 

AmygdaUn.  Hydride  GlucoM. 

of  benzoyl. 

The  oil  is  thus  prepared :  Bitter-almonds  are  crushed,  and  freed  from  fixed  oil  \ty 
eold  pressing,  then  stirred  up  to  a  thin  paste  with  4 — 6  pts.  cold  or  lokewaim  waU^r. 
and  the  mixture  allowed  to  stand  for  twenty-four  hours  before  distiUation,  ^  If  di*- 
tilled  over  the  open  fire,  it  is  very  apt  to  froth  over,  unless  it  is  stirred  continmiJly ; 
for  this  reason  it  is  best  distilled  with  vapour  of  water.  This  maybe  done  by  ooveriixi; 
the  bottom  of  the  still  with  a  thick  layer  of  coarse  sand  saturated  with  water,  uxi 
pouring  the  almond-paste  upon  it  The  frothing  may  also  be  avoided  by  remov*!.? 
most  of  the  solid  matter  before  distilling.  The  first  portion  of  the  distillate  is  richest  m 
oil,  and  in  hydrocyanic  acid  also,  and  is  therefore  clear ;  the  latter  portions,  containin;; 
less  hydrocyanic  acid,  are  milky.  The  distillation  is  continued  as  long  as  the  liquiJ 
which  comes  over  smeUs  of  bitter-almonds ;  the  oil  in  the  receiver  is  then  aeparat*^! 
from  the  water,  which,  as  it  contains  a  good  deal  of  oil  in  solution,  ia  again  disuLi<*«i, 
when  the  oil  passes  over  with  the  first  portions  of  the  water.  The  addition  of  chlonde 
of  sodium  facilitates  the  separation  of  the  oiL  1000  pts.  almonds  do  not  yield  more 
than  7  or  8  pts.  oil. 

Bitter-almond  oil  is  colourless  when  freshly  prepared,  bat  soon  becomes  ^r^ilov ;  it 
has  a  peculiar  strong  aromatic  smell,  besides  that  of  prossic  acid,  and  a  bnrmng  tajit«> ; 
is  heavier  than  water ;  boils  at  about  180^  C,  and  bums  with  a  smoky  fiame.  Its  poi- 
sonous action  is  entirely  owing  to  the  presence  of  prusaic  acid.  (For  methods  of  puri- 
fying the  oil,  see  Bsnzotl,  Htdridb  of.) 

Bitter-almond  oil  was  formerly  much  used  in  perfumery,  but  it  is  now  leplared  is 
gpreat  measure  by  nitrobenzene  {essence  de  Mirbane).  B^ng  an  ei^MUnve  article,  it  .s 
very  liable  to  adulteration,  usually  with  alcohol  (which,  if  added  in  moderation,  dc^cs 
not  materially  affect  ils  smell),  light  ethereal  oils,  ornitrobenaenep  Light  oils,  whose 
smell  is  masked  by  that  of  hydride  of  benzoyl,  may  be  detected  by  allowing  the  hkXitt 
to  oxidise  into  benzoic  acid  by  exposure  to  the  air,  when  the  smell  of  the  former  \^ 
comes  evident,  or  by  their  effect  on  the  specific  gravity  of  the  oil,  a  method  which 
applies  to  alcohol  also.  Alcohol  may  also  be  detected  by  agitating  the  oil  with  tvioe 
its  volume  of  nitric  acid  of  specific  gravity  1*42 ;  with  unadulterated  oil,  no  immcdute 
action  is  produced ;  but,  if  8^ — 10  per  eent  alcohol  be  present^  red  fumes  are  given  otf 
with  effervescence.  By  using  acid  of  \'5  specific  gravity,  as  little  as  3—4  per  cwit. 
idcohol  may  be  detected  (Redwood).  A  good  reagent  for  detecting  adnltaratioa*  ti 
a  strong  solutiou  of  an  acid  sulphite  of  alkali-metal,  which  dissolves  the  pure  oil  entirely, 
but  leaves  behind  all  impurities  which  are  not  of  the  nature  of  aldehydes. 

Owing  principally  to  the  presence  of  hydrocyanic  acid,  bitter-almond  oil  behj^res 
with  sevend  reagents  differently  from  hydride  of  benzoyL  By  heat  and  by  nx^ii^rig 
agents  generally,  €.g.  by  nitric  acid,  it  is  acted  on  in  the  same  manner  as  hydride  oi 
benzoyL  With  sulphuric  acid^  it  yields  stilbous  acid,  and  (|)erhaps)  benjcoate  of  bj- 
dride  of  benzoyL  A  mixture  of  Nordhaiisen  sulphuric  acid  with  bitter-almond  od 
yieiils,  on  addition  of  water,  a  crystalline  body,  which  presents  the  properties  of  xzus- 
dclic  acid.  Dry  chlorine  acts  upon  it  as  upon  hydride  of  benzoyl ;  with  moist  chlorine 
it  forms  etilbesic  acid  and  benzoate  of  hydridt  of  benzoyl.  To  this  latter  compo&si. 
which  is  frequentlv  regarded  as  identicil  with  stilbous  acid,  Liebiff  assisms  th*  iis- 
mula  C'H'H)*  -  2C'H*0  +  C'H^O^*.  Bitter-almond  oil  saturated  with  moist  etx*-:^-* 
solidifies  finally  to  a  crystalline  mass,  which,  when  washed  with  cold  ether,  le&v-es  1!l:* 
compound  as  a  crystalline  powder.  It  is  insoluble  in  water,  sli^rhlly  soluble  ir  c^  -1 
ether,  abundantly  in  aloohoL  When  heated,  it  melts  and  volAtilisets  niid«hx>m{».<. 
floated  with  alcoholic  potash,  it  yields  potassic  benzoate.  Wilb  kydnKki'-rv  a<r«^  rt 
yields  either  hydrocyanate  of  hydride  of  benzoyl  or  mandelic  acuL     With  chLrt4t  "/ 
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f^j^huTt  it  yields  atilboufl  acid.  With  aitlpkide  of  ammonium^  it  yields  hydride  of 
Ihxob«n0oyl,  hydride  of  salphozobenxo^l,  and  sulphydrate  of  asobenzoyL  With  ^* 
milphide  ^  carbon  and  ammonia,  it  yields  sulphocyanobenzylene.  With  eymnide  of 
^tasMwm^  it  yields  sometimes  benzoin,  sometimes  benzamide.  Solid  pota§£  converts 
it  into  benaoic  acid;  aqneons  or  alcoholic  potash  (especially  the  latter)  into  benzoin. 
Witli  ammoniOt  it  yields  yeiy  rarions  products,  according  to  drcamstanoes ;  these  are  aao- 
bernsoide,  axobensoidin,  asobenzoyl,  benzamil,  benzhydnmide,  benasoylasotide^  diben- 
soylimide,  hTdzobenaamida,  stilbazide.  Most  of  these  eomponnds  were  discovered  by 
Laurent,  and  many  an  rerj  imperfectly  known.  Baryta^  or  Ume-waUr  converts  it 
into  benzoin.  F.  T.  C. 


A  pharmaeentieal  pr^iaimtion,  emplojred  in 
medicine,  consisting  of  a  solution  of  bitter-almood  oil  in  water.  It  is  prepared  in  the 
same  manner  as  bitter-almond  oil ;  but,  since  the  water  must  be  of  a  Imown  strensth, 
the  quantity  of  afanonds  and  water  to  be  employed  and  of  distillate  to  be  collected  is 
fixed  by  the  pharmacopoeia.  These  quantities  vary  in  diiSoent  pharmaoopoias :  in  the 
Prusoian,  2  lbs.  almonds  are  pressed  and  macerated  with  10  lbs.  water,  4  oas.  alcohol 
added,  and  2  lbs.  of  distillate  collected.  The  Parisian  pharmaeo^oBia  ocdleets  2  lbs. 
the  Saxon  3  lbs.  of  distillate  fbr  each  pound  of  almonds.  The  addition  of  alcohol  doea 
not  seem  to  have  any  advantage.  Boat  must  be  carefblly  avoided  in  the  pressure  and 
maceration  of  the  almonds.  Bitter-almond  water  is  genenuly  a  more  or  leas  milky  liquid, 
smelling  and  tasting  strongly  of  crude  bitter-almond  oil ;  it  decomposes  by  exposure  to  the 
air,  ajid  mii5t  therefore  be  kept  in  stoppered  bottles  completely  fiiU.  Its  sti^uigth  is  very 
uncertain,  however  closely  the  pharmacopoeia  directions  are  adhered  ta  It  is  usually 
valaed  by  the  amount  of  prussic  acid  which  it  contains,  which  may  be  readily  deter- 
mined by  Liebig^s  volumetric  method  (see  HTDsocTAino  Acm,  under  Ctanooxn)  ;  the 
Prussian  pharmacopoeia  requires  it  to  contain  0'14  per  cent,  prussic  add.  Laurel-ioater, 
prepared  from  laurel  leaves,  and  cherry-water  from  wild  cherries,  contain  the  same 
constituents  as  bitter-almond  water.  The  latter  may  be  distinguished  from  laurd« 
water  by  becoming  milky  immediately  on  addition  of  ammonia,  an  effect  which  is 
not  produced  on  laurel-water  till  after  some  time ;  or,  according  to  Lepage,  by  chloride 
of  gold,  which  gives  with  both  waters  a  ydlow  colour,  which,  in  bitter-almond  water, 
disappears  in  eight  hours,  while  in  lanrel-water  it  remains  for  twenty-four  hours.  (J. 
Ch.  mAd.  xxiv.  866.)  F.  T.  C. 

BITTMli  WMXMClWXtA,  Many  vegetable  substances  yield  bitter  extracts,  which 
were  formerly  supposed  to  contain  a  common  constituent,  adled  Principium  amarum, 
Hore  exact  investigation  having  shown,  however,  that  many  of  these  vegetable  bitters 
are  definite  chemiod  compounOB  of  very  various  composition,  e,a.  picric  acid  and  the 
vegetable  alkaloids,  the  term  bitter  principle  is  now  restricted  to  the  brown  amor- 
phous bitter  extractive  matter  obtamed  from  many  plants  by  boiling  with  water, 
evaporating  the  extract  to  dryness,  exhausting^  with  hy  wited  alcohol,  evaporating,  and 
treating  the  residue  with  absolute  alcohol,  which  dissolves  resins,  &c.,  and  leaves  the 
bitter  substance  undissolved.  The  products  thus  obtained,  are  not,  generally  speaking, 
of  definite  constitution.  From  some  plants,  however,  more  definite  bitter  principles 
are  obtained,  e,  g.  aebintkin  from  wormwood,  alom  frx>m  aloes,  &c. 

BZTTXBVs  The  mother-water  which  remains  after  the  crystallisation  of  common 
salt  from  sea-water  or  the  water  of  salt-spring  It  contains  a  considerable  quantity 
of  sulphate  and  chloride  of  magnesium,  to  which  its  bitterness  is  owing,  also  more  or 
less  bromine  and  iodine. 


or  BM01IB8VAX.  Broum'-epar,  Pearl'Spar,  Talespar, 
Dolotnite,  Chaux  carbonaUe  magnhiftre. — ^This  mineral  crystallises  in  rhombohedrons, 
which  were  formerly  confounded  with  those  of  oalospar,  but  differ  in  the  angles,  the 
primary  form  being  an  acute  rhombohedron  of  106^  18',  and  73^  42'  ^mean).  The 
crystals  are  ^eneral^  rhombohedrons  B,  with  more  acute  or  more  obtuse  rnombohedron 
in  combination,  the  base  OB  and  the  hexagonal  prisms  ooB  often  occurring.  The 
rhomb  B  generally  has  its  fiioes  curved  like  a  saddle ;  ^  B  is  more  generallv  lenticular. 
Cleavage  parallel  to  B.  Fracture  conchoYdal,  uneven,  splinterv,  and  earthy.  Colour 
white,  greyish,  or  yellow,  with  a  somewhat  pearly  lustre.  Barely  transparent,  but  ext 
hibits  various  degrees  of  transluoenoe  down  to  complete  opacity.  Hardness  3'5  to  4*6. 
Specific  gravity  2*8  to  3*0.  Its  formula  is  (Ca ;  Mg)''CO',  the  calcium  and  magnesium 
replacing  one  another  in  any  proportion,  so  that  it  presents  all  varieties  of  composition, 
from  that  of  calcspar  to  that  of  magnesite.  Iron  (ferrosum)  and  manganese  {manga- 
n(^um)  also  occur,  replacing  the  other  metals  in  subordinate  proportions.  In  the  state 
of  powder,  it  dissolves  reamly  in  warm  hydrochloric  acid,  but  in  lumps  the  add  scarcely 
acts  upon  it  Before  the  blowpipe,  it  becomes  caustic,  but  does  not  melt.  It  is 
isually  imbedded  in  serpentine,  cmorite,  or  steatite,  and  is  found  in  the  Tyrol,  Salz- 
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borg,  and  Daaphiny ;  in  Scotland,  on  the  borders  of  Loch  Lomond,  in  dkloritc  aUtc, 
and  neap  Newton  Stewart  in  Galloway,  also  in  the  lale  of  Man.  It  bean  the  same 
relation  to  dolomite,  or  massive  magnesion  limestone,  that  ealcspftr  bean  to  ecmioQia 
lim.istone. 

BZTTBBWmr.     Stipites  Dulcamara.  The  stems  otSolanum  Jhtlcamara  (q.r,) 

^  BZTIlMav.    This  term  includes  a  considerable  number  of  inflammable  miii«^nl 

I  substances,  mainly  consisting  of  hydrocarbons.    They  are  of  Tarioua  oonsuiteDoe,  frum 

thin  fluid  to  solid,  but  the  solid  bitumens  are  for  the  most  part  bquefiable  at  a  mod^TJite 
heat  The  purest  kind  of  fluid  bitumen,  called  Naphtha,  or  Sock-oil,  is  a  coloark-sf 
liquid  of  specific  gravity  0*7  to  0*84,  and  with  a  bituminous  odour.  It  often  occ3r»  la 
nature  combined  with  asphalt  .and  other  solid  bitumens.  Petrokttm  is  a  dark-eoloanfi, 
fluid  Tariety  containing  much  naphtha.  Maltha  or  mineral  tar  is  a  more  x^^i-i 
variety.  The  solid  bitumens  are  Asphalt,  already  described  (p.  426),  Mineral  tailov^ 
or  Hatchetin,  and  EUistic  bitumen.  Mineral  CaoiUchouc  or  Elaterite.  (See  the  sererdl 
substances  in  alphabetical  order.  For  the  practical  uses  of  bitumen,  tee  Un^s  Dictufi- 
ary  of  ArU,  Manufacture*  and  Mines,  i  308.) 

C«H»N»0«  (dried  at  100°  C);    C«H*N*0«.H»0     (crystallised).— A 


product  of  the  decomposition  of  urea  and  nitrate  of  urea.  It  is  isomeric  with 
acid  cyanate  of  ammonium,  2CHN0.NH',   and  may  be  regarded  as  a  twoond&ry 

amide,  n]^^/*^^,  whereas  urea  is  a  primary  amide  containing  the  same  ndiele, 

H'      and  isomeric  with  neutral  cyanate  of  ammonium,  CHNO.KH*. 

The  formation  of  biuret  ficom  wea  is  represented  by  the  equation 

2CH«N»0  »  C«H»N"0«  +  NH*. 

Urea.  Biuret. 

To  prepare  it,  urea  is  melted  in  an  oil-bath  for  some  time  at  160°  to  170°  C. ;  and  «s 
soon  as  th«  evolution  of  ammonia  ceases  and  the  residue  becomes  pasty,  this  residiw 
is  treated  with  a  very  small  quantity  of  boiling  water;  the  liquid,  sUPter  fiJtratioiu 
is  precipitated  by  a  solution  of  fifubacetate  of  lead ;  the  precipitate,  consisting  of  cyanu- 
n^  and  ammelidate  of  lead,  is  separated  by  flltration;  and  the  liquid,  after  bcin^ 
treated  with  sulphuretted  hydrogen  to  remove  the  excess  of  lead,  and  again  filtered  15 
evaporated  till  it  crystallises.  Biuret  is  then  deposited  in  small  granular  crystals, 
which  may  be  purified  by  recrystalHsation  from  water.  It  is  also  obtained,  though 
in  small  quantity,  by  the  action  of  heat  upon  nitrate  of  urea. 

Biuret  dissolves  very  easily  in  water  and  in  alcohol,  and  crystallises  from  the  hxttrr 
liquid  in  long  anhydrous  leafy  crystals,  and  from  water  in  hydrated  crystal?,  wh^.'b 

five  off  their  water  of  ciystallisation  when  exposed  to  dry  air  or  dried  at  100'  C.  It 
issolves  without  decomposition  in  cold  strong  sulphuric  acid,  and  is  not  altered  !<v 
boiling  with  nitric  acid,  unless  the  acid  is  very  strong.  Its  solution  is  not  precipitaUii 
by  lead  or  silver  salta,  by  gallic  acid,  or  by  tannin.  On  adding  a  few  dropa  of  a  sr^ia- 
tion  of  copper  salt  to  a  solution  of  biuret,  and  then  a  slight  excess  of  potash,  a  de^ 
red  colour  is  produced.  This  reaction  takes  place  also  with  solutions  of  biuret  in  aci«ik 
or  in  ammonia,  and  aflbrds  a  very  delicate  test  of  its  presence.  Biuret  when  h^atc^l 
melts,  gives  off  vapours  of  ammonia,  and  ultimately  leaves  pore  cyanurie  add : 

3C»H»N»0«  =  2CH"NK)»  +  3NH". 
(Wiedemann,  Pogg.  Ann.  Izxiv.  67.) 

BTXTT.     A  colouring  matter  contained  in  annotto  (the  red  paste  obtained  by 

erushing  the  seeds  of  the  JBixa  orellana).  According  to  Chevreui,  annotto  contains 
two  colouring  matters,  viz.  orellin,  a  yellow  dye,  solubk  in  water  and  alcohol,  but  tipa> 
ingly  in  ether,  and  Inxin,  an  omnge-ooloured  dye,  sparingly  soluble  in  water,  easily  in 
alcohol  and  ether.  According  to  Kemdt,  bixin  is  C'H^O^  and  when  exposed  to'tlw* 
air,  and  in  the  moist  state,  is  partly  converted  into  orellin.  According  to  Preisser, 
Ann.  Ch.  Pharm.  lii.  382),  bixin  is  obtained  in  small  slightly  yellowish  czystsls,  by 
treating  lumps  of  pure  annotto  with  carbonate  of  sodium,  precipitating  with  basic 
nitrate  of  lead,  decomposing  the  precipitate  with  sulphuretted  hydrogen,  and  evaporat- 
ing the  colourless  filtrate.  It  is  bitter,  soluble  in  water,  alcohol,  and  etlier,  volatile 
when  heated,  turned  yeUow  by  sulphuric  and  nitric  acids,  orange-yellow  by  chromwr 
acid.  Treated  with  ammonia  in  contact  with  the  air,  it  is  converted  into  a  dark  red- 
brown  substance,  bijcnn,  which  is  the  red-colouring  matt^^r  of  annotto.  It  combiuM 
with  lead-oxide  and  alkalis,  and  is  turned  blue  by  sulphuric  acid.     (Preisser.) 

According  to  Girardin  (J.  Pharm.  [3]  xxi.  J74),  the  name  of  bioun  is  applied 
commercially  to  a  variety  of  annotto,  having  six  to  ten  times  the  colouring  power  of 
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eommoB  annotto,  »  taperiority  which  it  i^pean  to  owe  to  a  qnidtor  pioeefi  of 
cztnetioiL 

A  Tiriety  of  owbonite  of  iron.    See  Ibom  and  CMMBOKAraa, 

.    This  mineral  has  a  blnish-bkck  ooloor,  a  alaty  texture,  aoila 

the  fingers,  and  is  meagre  to  the  tonch.  It  contains  about  64  silica,  11  alnmina^  11 
carbon,  with  a  little  iron  and  water.  It  is  found  in  primitiTe  moontains,  and  also  some- 
times near  coal  formationa.    It  ocean  in  Gaemarronshire  and  in  the  island  of  Isla. 

B&ACX  JACXa    The  miners  distingnish  blende,  or  mock  lead,  hj  this  name. 
It  is  an  ore  of  sine. 

•    See  GBinixn  and  PmiGBAoa 


One  of  the  ores  of  manganese. 

The  name  of  an  alkaloid  said  to  exist  in  China  bianco, 

rQVBTTBi    A  kind  of  crude  soda,  less  powerftd  than  barilla,  obtained  at 
Aiguce-Mortes,  bj  the  incineration  of  SaUola  TVou^  and  8.  Kali, 

aUk^B  OBTUSA.  This  insect  contains,  according  to  Hornane  and  Blej  (J. 
pr.  Chem.  tL  237),  a  red  colouring  matter,  fattj  and  Toli^ile  oil,  resin,  fbrmio  aad, 
uric  add,  chitin,  wax,  and  other  constituents. 

BUiikOBnrCK  The  chemical  art  by  which  the  Tarions  articles  used  for  clothing 
are  depriTed  of  their  natural  dark  colour  and  rendered  white. 

The  oldest  method  of  bleachins,  which  is  still  practised  in  some  localities,  and  for 
particolar  kinds  of  goods,  espedaUy  for  hempen  and  flaxen  goods,  consists  in  extending 
the  tissues  on  the  grass  of  a  meadow,  to  as  to  expose  them  for  some  days  to  the 
united  action  of  light,  air,  and  water,  then  washing  them  in  *lv*linA  ley,  and  repeating 
this  series  of  operations  a  considerable  number  of  times. 

This  mode  of  bleaching  is  effeetiye,  but  slow,  and  iuTolyes  a  great  amount  of 
labour.  About  1785,  BerthoUet  proposed  the  use  of  chlorine  for  bleaching  Tegetable 
tiMues ;  but  its  introduction  met  with  considerable  opposition  from  manufa^urers, 
because  the  mode  of  implying  it  being  but  imperfectly  understood,  its  action  was  un- 
certain, and  moreover  it  was  found  to  ii\jnre  the  tissues ;  gradually,  howcTer,  these 
difficolties  hare  been  oreicome,  and  the  use  of  chlorine  for  bleaching  cotton  goods  has 
entirely  superseded  the  old  method.  Chlorine  was  first  used  in  the  form  of  aqueous 
eolation ;  afterwards  solutions  of  chlorine  in  caustic  alkalis,  that  is  to  say,  solutions  of 
hypochlorite  of  potassium  or  sodium,  the  so-called  chlorides  of  potash  and  soda,  were 
used ;  but  these  oomoounds  are  now  almost  entirely  superseded  oy  the  hypoehloriU  of 
calcium^  the  so-callea  chloride  of  lime  or  bUaehing  j^owaer.  This  substance  is  prepared 
on  a  large  scale  by  exposinff  slsked  lime  to  the  action  of  chlorine  ga!i,  whereby  a  solid 
miztore  of  hypochlorite  and  chloride  of  calcium  is  produced.  It  is  soluble  in  water, 
and  the  solution  is  used  for  steeping  the  poods  to  be  bleached.  By  itself  it  exerts  no 
bleaching  action  whatever ;  but  py  exposing  the  fabrics  wetted  with  it  to  the  action  of 
the  carbonic  add  in  the  air,  or  more  (quickly  by  steeping  them  in  a  bath  of  dilate  sul- 
phuric or  hydrochloric  add,  the  salt  is  decomposed,  and  the  liberated  hypochlorous 
add  exerts  its  bleaching  action  on  the  tissues. 

The  strength  of  the  chlorine-liquor  is  a  matter  of  great  importance.  The  stronger 
the  liquor,  the  more  rapid  will  be  its  action ;  but  on  the  other  hand,  the  greater  will  be 
the  chance  of  ii\juiy  to  the  goods.  In  practice  it  is  not  found  safe  to  use  a  solution 
marking  more  than  2^  or  Z^  of  Baum^'s  hydrometer,  or  0'6^  of  Twaddell's,  equivalent 
to  specific  gravity  1(M)2*6 ;  and  even  this  must  be  carefully  removed  by  subsequent 
washing,  and  in  some  cases  by  the  use  of  hyposulphite  of  sodium  or  other  antichlozs. 
(See  Antichlob.) 

Wool  and  silk  are  for  the  most  part  bleached  with  sulphnrous  add,  chlorine  and 
the  hypochlorites  being  found  to  exert  an  ii\jurious  action  upon  them. 

The  rationale  of  blei^hing  is  not  thoroughly  understood,  but  the  most  probable  expla- 
nation of  the  action  is,  that  it  is  due  in  aU  cases  to  oxygen  in  the  pecuuar  active  form 
called  ozone.  That  active  oxygen  does  possess  this  bleaching  power  is  weU-known : 
witness  the  action  of  peroxide  of  hydrogen  on  vegetable  coloiirs.  Now  in  the  old 
method  of  bleaching  by  exposure,  light  is  an  essential  element  of  the  action,  the 
bleaching  taking  place  much  more  quickly  in  sunshine  than  under  a  douded  sky.  But 
6ch6nbein*s  investigations  have  also  shown  that  ordinary  atmospheric  oxygen  passes 
into  the  active  state  under  the  inflnence  of  light  and  moisture.  Chlorine  abstracts 
hydrogen  from  the  colouring  matter,  and  the  oxygen  thus  set  free  produces  the  bleaeh- 
ing  action.  The  action  of  sulphurous  add  appears  at  first  sight  to  be  apposite  to 
this,  viz.  deoxidising ;  but  it  is  known  from  Schonbein's  investigations,  that  an  aqueous 
solution  of  sulphurous  add  or  an  alkaline  sulphite  exposed  to  air  and  light  ouiokly 
brings  a  portion  of  the  oxygen  in  contact  with  it  into  the  active  state ;  hence  also  the 
bleadiiog  action  may  in  this  case  be  die  to  oxidation.      Sometimes,  however,  the 
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Bolpkiuoiu  add  appeajn  to  onite  dxrectlj  with  ths  oobnriiig  matter  of  fb«  tusne  so 
form  a  colourless  oompoond. 

The  actual  process  of  bleaching  by  meana  of  chlorine  or  sulphnrrai  add  is  alv^tf 
preceded  or  accompanied  by  certain  cleansing  operations,  consisting  in  wuhmg  mtb 
water,  and  boiling  with  alkaline  leys  or  soap,  the  object  of  which  is  to  remirp  r^ 
ainousi  fatty,  and  other  impurities,  either  natural  to  the  fibre  or  introduced  &r(?M.>(it- 
ally  or  intentionally  in  the  course  of  manufacture.  All  these  aubstiLDces  iupAir  •. » 
'  whiteness  of  the  fabric,  and  often  interfere  greatly  with  the  processes  of  djem^  aq^ 

printing.    Indeed,  their  removal  by  the  means  above  mentioned,  const  it^ites  a  \,-rj 
,  important  part  of  the  bleaching  process,  a  large  portion  of  the  colouring  matter  h{^ 

I  got  rid  of  at  the  same  time,  so  that  the  chlorine  or  sulphurous  acid  serves  to  ^Tt>  •\rS.x 

I  the  last  finish.     Cotton  and  linen  goods  are  cleansed  by  washing  with  inter  uii 

boiling  with  alkaline  leys :  formerly  potash  and  soda  were  used  for  the  parpri^k*,  rji 
they  are  now  nearly  superseded  by  lime,  at  least  for  the  first  cleansing  as  lbi«  n\k 
stance,  besides  being  much  cheaper  than  the  alkalis,  is  less  likely  to  injure  the  fabr^ 
Silk  and  wool  are  cleansed  by  scouring  or  boiling  with  water  and  soap,  as  they  cinn^^ 
bear  the  action  of  pure  alkaline  solutions. 

Bleaching  of  Cotton.  —  The  series  of  operations  in  the  bleaching  of  cotton,  msrbe 
thus  generally  described : 

1.  Boiling,  or  as  it  is  technically  called  bucking  or  bowkina,  with  milk  of  limi?  (UK 
of  lime  to  14  lbs.  of  doth,  and  about  as  much  water  as  will  cover  the  cloth).  Tus 
operation  converts  the  resinous  and  fatty  matters  into  lime-soaps. 

2.  Washing  with  water,  in  the  dash-wheel,  or  other  suitaole  machine,  to  rnfifrrp 
the  excess  of  lime  and  various  soluble  and  mechanical  imparities  introdaoed  in  \hit 
piocess  of  maoufiBcture. 

3.  Souring  in  hydrochloric  acid  of  specific  ^vity  1*010  or  2°  Twaddle,  to  dccDin- 
pose  the  lime-soaps  and  remove  the  lime.     DUute  sulphuric  acid  is  sometimt^  nst^i, 

I  but  hydrochloric  add  is  preferable,  as  chloride  of  calaum  is  much  more  soluble  tiaa 

the  sulphate. 

4.  Washing  again  to  remove  excess  of  add. 

6.  Bowking  with  a  solution  of  soda-ash  and  resin  (170  lbs.  soda-ash,  and  30  Ik 
•  resin,  to  3500  lbs.  of  doth,  and  about  the  same  quantity  of  water  as  in  the  limo- 

process).  An  imperfect  to^  is  thus  produced,  which  removes  the  nest  of  the  tft»j 
matter  and  dirt 

6.  Washing,  and  then  immersing  the  doth  in  the  chlorine-bath ;  this  is  eslled  ril^ 
inating  or  chemicking.  The  solution,  which  should  be  qnite  dssr,  has  a  spcdk 
gravity  of  1002-6  or  J®  Twaddle. 

7.  Souiine  in  hydrochloric  or  snlphnrie  add  of  2^  Twaddle,  to  set  free  the  h,Tp»> 
chlorous  add ;  then  washing  and  drying. 

The  strength  of  the  various  liquors  must  be  regulated  according  to  the  qm^lity  nf 

the  goods  to  be  bleached,  and  the  manner  in  wUeh  the  operatioas  are  eondurt<.<d: 

'  the  preceding  proportions  of  lime,  soda,  resin,  &c.  are  given  merdy  as  example5.  Suioe- 

times  carbonate  of  soda  is  used  in  the  deansing  operations,  sometimes  a  xnixtore  of 
soda-ash  and  quick  lime,  which  of  course  produces  caustic  soda.  It  is  often  foimd 
advantageous  to  perform  the  souring  and  chlorinating  in  two  successive  opprutimi^  tif 
goods  being  washed  between  the  two.  This  treatment  is  found  to  be  less  likely  to 
injure  the  fibre  than  long-continued  exposure  to  the  action  of  the  liquid  in  one  i^"^- 
tion.  In  all  the  operations,  it  is  important  to  keep  the  doth  oompletdy  immrT^  ji 
the  liquid,  and  never  to  leave  it  exposed  to  the  air  before  washing ;  because  thr  »ii 
or  alkaline  liquids,  if  allowed  to  become  concentrated  on  it  by  diying^  are  mrv  t« 
destroy  the  fibre. 

Bleaching  o/IAnen.  -»  Linen  contains  a  much  larger  quantity  of  eolouriorr  Tnatttr 
than  cotton,  and  in  bleaching  loses  nearly  a  third  of  its  wdght,  whereas  cottno  )f^\ 
only  one-twentieth.  This  la^e  amount  of  colouring  matter  is  not  natural  to  the  flu. 
but  is  chiefiy  produced  in  the  operation  of  steeping  or  fDater-retting^  by  which  tt« 
textile  fibres  surrounding  the  stem  of  the  plant  are  sepaated  from  the  vw«J,r 
portion. 

The  colouring  matter  of  steeped  flax  is  insoluble  in  water,  adds,  and  all^i5,  lu* 
becomes  soluble  in  alkalis  after  exposure  to  light  or  to  the  action  of  chlorine.  Gf^-- 
rally  speaking,  it  is  not  found  advantageous  to  rely  on  the  action  of  chlorine  alont«  for  tii- 
bleaching  of  linen  ;  the  old  method  of  exposure  on  the  grass, — crofting,  as  it  i»  (':tili'<l.- 
being  almost  always  resorted  to  in  addition.  Moreover,  it  is  not  ibimd  posaibJo  tn  ^v: 
nd  of  the  colour  entirely  in  one  series  of  operations,  several  alternate  rx]>o«ure?  in 
oxygen  or  chlorine  and  to  alkali  bdng  required  to  render  the  matcriAl  pcrftvti) 
white. 

The  following  is  an  outline  of  ike  Irish  method,  as  practised  in  the  nrigbbourboo: 
of  Belfast : 
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1.  SUtpmff,  —  Alter  the  linen  haa  been  aeoiired  in  the  fbUing-mill,  warm  water  ia 
poojrad  npon  it»  and  it  ia  left  immened  for  two  or  three  daya,  till  add  fermentatioD 
eels  in. — 2.  Boiling  with  potaah-ley,  aoda-lej,  or  lime-water.---d.  Waahin^. — 4.  Oro/t' 
ing  or  cx[^osare  on  the  graai  for  two  or  three  daya. — 2',  8',  4'.  The  bowking^  waahing 
and  croftuig  are  repeated  aereral  timea,  six  repetitiona  aofficing  for  the  £ier  linena^ 
and  aa  many  aa  twAre  bein^  aometimes  required  for  the  ooaner. — 6.  Sounng  with 
hydrochloiio-  or  anlphuio-aeid  of  2^  Twaddle. — 6.  Waahing,  aa  in  8. — 7.  Soaping,  that 
i8«  rubbing  with  aohd  soap  or  with  Teiy  atrong  aoap-anda.— %  Boiling  in  alkaUne-ley  of 
about  I  per  eent — 9.  Washing,  aa  in  8  and  6. — 10.  Crofting  for  two  daya. — 11.  Ghlo- 
rinatix^  with  a  aolution  of  hypoehlozite  of  potaannm,  pepared  by  treating  common 
blea4;hinff  powder  with  carbonate  of  potash.  The  u^uor  used  is  yeiy  weak. — 
12.  Washing,  aa  in  3  and  6. — 13.  Souring,  as  in  5,  but  with  aomewhat  weaker  add. — 
14.  Washing. — 15.  Soaping,  aa  in  7. — 16.  Scalding,  by  immersinff  the  doth  in  soap- 
suds mixed  with  a  little  potash-ley  of  \^  B^  and  heating  the  liquid  to  boilin^^ — 
17.  Washing. — 18.  Crofting. — 19.  Washing  and  drying. 

BUackinff  of  QUk, — Baw  ailk  contains,  besides  the  true  fibre,  about  40  per  cent,  of 
foreign  matter,  vis.  albumin,  gdatinous  substances,  wax,  fat,  resin,  ana  colouring 
matter.  Theee  aubatanoea  are  remored  by  boiling  the  dlk  in  a  strong  adhrtioo  of 
tfoap,  then  washing  and  rinainj^  The  silk  after  this  treatment»  ia  nearly  white,  but 
to  render  it  quite  white,  it  ia  sulphured,  that  is  to  say,  suspended  in  the  moiat 
state  in  a  large  box  in  which  aaJphur  is  burned.  About  lib.  m  sulphur  ia  required 
for  201ba.  of  ailk,  and  to  obtain  waiteet  whiteneas,  about  four  snlphuringa*  of  twelre 
to  sixteen  hours  eadi,  are  requirodL 

As  the  silk  loses  connderably  in  weight,  when  cleansed  in  the  manner  aboye  de- 
acribed,  it  is  sometimes  thought  better  to  subject  raw  silk  to  the  bleaching  nrocesa 
without  previous  deansing.  for  this  purpose,  a  bath  ia  used  composed  of  7  pts.  nydro- 
chloric  add  and  8  pts.  nitric  acid,  sometimes  with  addition  of  sulphuric  add,  the 
liquid  being  diluted  with  water  to  8^  Bm.  In  this  mixture,  the  skeins  of  silk  are 
aiupended,  and  repeatedly  auMred  about  for  two  or  three  hours,  then  wrung^  twice 
washed,  and  afterwards  sulphured.  Sometimes  the  bleaching  in  the  add  mixture  ia 
preeeded  by  softening  in  a  soap-bath ;  sometimes  this  softraing  process  ia  made  to 
intervene  between  the  add  bath  and  the  sulphuring. 

Blcachinn  of  Wool, — Wool  ia  never  bleached  in  the  fleece,  because  its  whiteneaa 
would  be  cieatroyed  in  the  aubsequent  operationa  of  spinning  and  weaving ;  the  bleach- 
ing is,  therefore,  always  perfonned  on  the  yam  or  on  the  woven  fobric.  A  condder- 
able  portabn  of  the  dirt  which  adherea  to  the  wool  while  on  the  animal,  is  removed 
by  the  waahing  which  nrecedea  shearing ;  this  washing  also  removes  the  sweat,  which 
18  a  kind  of  soap,  chiefly  eompoaed  of  fotty  matter  and  potaah.  But  there  still  remaina 
a  quantity  of  ft^  ttt,  which  la  generally  removed  by  ateeping  and  agitating  it  for  ten 
or  fifteen  minutee  in  soap  and  water,  or  soda-ley,  sometmies  in  putrid  unne  diluted 
with  two  or  three  measures  of  water,  aometimea  even  in  pure  water.  To  pepare  tha 
wool  for  spinnings  it  is  then  greaaad  with  oil,  as,  without  this  preparation,  it  would  be 
too  harsh  and  very  liable  to  tear.  The  g^^aae  thus  added  must  of  course  be  removed 
in  the  aubeequent  bleaching  process.  The  treatment  oonaistB  in  paaaing  the  wool 
through  a  sooa-bath,  then  throogh  a  soap-bath,  waahinp;  in  lukewarm  water,  and 
Buspenaien  in  the  sulphur  chamber,  this  series  of  operations  bein^  repeated  several 
times,  and  finally  passing  the  bleached  wool  through  a  blue-bath,  which  is  a  veiy  weak 
solution  «f  soap  containing  hydrate  of  alumina  and  indigo.  The  sulphuring  is  some- 
times omitted,  and  the  deansing  is  effected  entirdy  by  ammonia. 

Bleaching  of  materials  for  Paper, — The  ra|;s  used  for  making  paper  are  bleached  in 
the  same  manner  as  cotton  gooos.  After  being  properly  sorted  and  chopped  or  torn 
in  pieces,  they  are  bowked  with  lime-water,  soured,  washed  in  the  rag-engine,  whidi 
is  a  combined  waahing  machine  and  filter,  then  chlorinated,  soured,  and  washed 
again,  and  finally  treated  with  a  solution  of  hyposulphite  of  sodium  to  remove  the  last 
traces  of  chlorine.    (See  AMmHLOB.) 

"For  bleaching  old  paper:  Boil  the  printed  paper  for  an  instant  in  a  solution  of 
caustic  soda.  Steep  it  in  soap-ends,  and  then  wash  it;  after  which  it  may  be  rednced  to 
pulp.  The  soap  may  be  omitted  without  much  inconvenience. — For  old  written  paper 
to  be  worked  up  again :  Steep  it  in  water  acidulated  with  sulphuric  add,  and  then 
wash  it  well  before  it  is  taken  to  the  mill.  If  the  water  be  heated,  it  will  be  more 
cfiectuaL  —  To  bleach  printed  paper  without  destroying  ita  texture :  Ste^  the  leaves 
in  a  caiustio  sdution  of  soda,  either  hot  or  cold,  and  then  in  a  solution  of  soap. 
Arrange  them  altematdy  between  doths,  as  paper-makers  do  thin  sheets  of  ptaper 
when  ddirered  firom  the  form,  and  subject  them  to  the  press.  If  one  operation  do  not 
render  them  sufiidently  white,  it  may  be  repeated  as  often  as  necessary.  —  To  bleach 
old  written  paper  without  destroying  its  texture :  Steep  the  paper  in  water  addulated 
with  sulphoric  acid,  either  hot  or  c^d,  and  then  in  a  solution  of  oxygenated  muriatio 
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acid ;  after  which  immerse  it  in  water,  so  that  some  of  the  add  maj  temaiB  behind. 
The  paper,  when  pressed  and  dried,  is  fit  for  use."    Ure, 

The  bleaching  of  straw  is  effected  by  steeping  it  in  hot  water,  heating  it  tepeat^^Uf 
luring  several  days,  and  immersing  it  in  weak  solution  of  chloride  of  lime  or  of  »cnlm, 
iltemately  with  weak  alkaline  leys. 

Bleaohing  of  Horse-hair, — White  horse-hair  requires  further  bleaching  to  adapt  :t  to 
many  purposes.  The  process  consists  in  washing  it  in  Eoda-solutions«  not  too  5ti*«n^, 
and  at  the  heat  of  the  hand,  then  hanging  it  up  in  the  sulphur-chaml^er,  and  rt*pf:aJ:iii;r 
these  processes  several  times. 

[For  further  details,  see  Dictionary  ofJris,  fe»,  i.  318,  also  MuspraiCM  Ckeixixtni^ 
i.  299.] 

IB.    See  Htfocklobitjgs,  under  CHXx>iujn. 

Basic  Antimonate  of  Lead  (i.  326). 

Native  Sulphidb  of  Znrc.    (See  Zorc.) 

Probably  the  same  as  Astbacaiotb  (i.  429). 

B&OOB.  The  blood  of  the  higher  animals  forms  a  rather  viscous  opaque  Itquil 
heavier  than  water,  and  of  more  or  less  intense  red  colour,  arterial  blood  being  alvrajn 
lighter  than  venous.  It  is  transparent  in  very  thin  strata.  The  specific  graritj  <ii 
normal  human  blood  averages  about  I'Odd ;  it  is  slightly  less  in  women  than  in  men. 
and  atill  less  in  children.  The  specific  gravity  of  arterial  blood  is  rather  less  th^tn 
that  of  venous.  The  blood  of  most  domestic  animals  differs  but  little  in  ii|)eci6c 
gravity  from  that  of  man  (specific  gravity  of  bullock's  blood  =  1*060;  of  fch.-<»T» 
«  between  1*060  and  r05H).  The  blood  has  always  an  alkaline  reaction.  AM^^q 
warm  it  has  a  peculiar  odour,  generally  more  powerful  in  the  male  Lhan  in  t}i« 
female. 

From  two  to  five  minutes  after  the  blood  has  left  the  circulation,  it  begins  to  c»x?^«. 
latc^  a  film  gradually  extending  from  the  surface  and  circumference,  so  that  the  wboit 
becomes  gelatinous  in  tiie  course  of  from  seven  to  fourteen  minutes.  The  <»€Ufu:ur% 
{fibrin  and  biood-corpusctUes)  then  gradually  contracts  and  separates  from  the  wattrr 
portion  of  the  blood  {serum) ;  and  in  from  twelve  to  forty  hours,  the  blood  is  complet#-.y 
resolved  into  serum  and  thick  red  clots,  which  swim  beneath  it.  The  blood  of  mra. 
coagulates  more  slowly,  biit  yields  a  denser  coagulum  than  that  of  wom«n ;  in  ths 
embryo  it  coagulates  imperfectly.  Arterial  blood  coagulates  more  rapidly  thaa 
venous.  The  presence  of  air  ana  a  rise  of  temperature  promote  ooagoLition ;  coM 
retazdsit 

The  constituents  of  blood  are  partly  in  solution  and  psrtly  suspended  fblood-^xx^ 
puscules).  Swunmerdam,  in  1664,  first  observed  corpuscules  in  the  blood  of  the  frrtp ; 
ne  described  them  as  ovaL  Leeuwenhoek  (PhiL  Trans.  1664,  p.  23)  found  that  hnra^a 
blood  consisted  of  round  bodies  swimming  in  an  opaline  liquid,  and  that  the  colr>}ir.i.^ 
matter  of  the  blood  of  mammalia,  fish,  and  frt)gs  was  contained  in  these  corpu^cul^-, 
which  were  round  in  men,  oxen,  sheep,  and  rabbits,  but  oval  in  birds,  frogs  ana  t.i.t. 
Later  observers  discovered  that  all  blood-corpuscules  are  flattened.  The  tt>Jt»urt^i 
corpuscules  consist  of  a  colourless  enevelope,  the  contents  of  which  are  red,  or  by  imn- 
mitted  light  yellow,  and  each  is  slightly  depressed  and  concave  in  the  centT^.  In 
general  they  do  not  possess  any  nucleus,  and  only  a  few  of  them  exhibit  sonjctiun;: 
approaching  to  one.  The  size  of  the  red  corpuscules  varies  considerablj  in  difift  TT'Xkt 
animals,  the  smallest  being  found  in  the  blood  of  the  Moschvs  javanicus,,  and  havire  a 
diameter  of  0*00208  mm.  (Gulliver),  and  the  largest  in  that  of  the  Cr^;p(ohr<nf  k^ * 
Japonicus  (0*05623  mm.  broad,  and  0*0333  mm.  long,  V,  d.  Hoeven).  *  The  hum^n 
corpuscules  have  a  diameter  of  0*00752  mm.,  those  of  the  camivora  betw«*n  -J-, 
ana  ^  mm.  and  their  thickness  is  generally  J  or  |  of  their  diameter.  The  bick'-*!- 
eorpuscules  of  embryos  are  larger  than  those  of  the  grown  op  animab  of  the  &vi:e 
species.  Milne-Edwards  asserts  that  the  size  of  the  corpuscules  is  closely  comn-cud 
with  the  size  of  the  organs  of  respiration.  To  prevent  their  shrinking  up  duriri; 
measurement,  C.  Schmidt  moistens  a  glass  plate  with  an  exceedingly  thin  layer  uf  t!i^ 
blood  to  be  examined,  so  that  it  dries  up  immediately.  The  corpuscules  thus  adiicT'' 
by  their  fiat  sides  to  the  glass,  and  remain  of  this  same  size  when  the  serum  haft  dn'"! 
up.  The  blood  of  different  animals  may  frequently  be  distinguished  under  the  micro- 
scope by  the  size  of  the  corpuscules. 

According  to  Schmidt,  the  specific  gravity  of  the  blood-corpuscules  of  a  heajlriy  iiimd 
varies  between  1*0885  and  1*0889;  in  cholera  it  sometimes  increases  to  llOU-5  •* 
1*1027.  The  red  corpuscules  sink  in  the  serum ;  they  are  generally  equally  c<^>lo5in  .: . 
a  few,  however,  are  sometimes  darker,  sometimes  lighter  than  normal  oorjjaaculeR.  T' « 
difference  in  colour  ia  de^^ndent  upon  the  absolute  amoimt  of  haematis  in  the  cui<- 
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pnfcnlet,  tbepn^rtioii  of  which  relatiTe  to  the  senim  inflaences  the  eeneral  colour  of 
the  blood.  The  fonn  of  the  oorpusciiles  aleo  affecte  the  colour  of  the  Uood,  for  if  ^ese 
be  iwollen  by  addition  of  water,  they  become  more  spherical,  and  the  blood  appears  of 
a  darker  colour.  Mulder  anppoees  that  the  bright  oolonr  of  arterial  blood  is  due  to  the 
greater  thicknees  of  the  enveloping  membrane  of  the  corpnacoles.  Kaase  states  that 
by  the  action  of  carbonic  add  gas,  the  cells  become  daiker  in  colour  and  torbid  in  the 
centre.  All  substances  such  as  caustic  alkalis,  and  sereral  organic  adds,  which  burst 
the  corpuBCules,  or  otherwise  liberate  their  contents,  turn  the  blood  dark  brownish-red, 
while  thoee,  such  as  nitrate  and  iodide  of  potassium,  phosphate  and  carbonate  of 
Bodium,  &c  which  contract  and  so  thicken  the  external  membrane,  render  the  blood 
of  a  lighter  colour. 

The  average  proportion  by  weight  of  moist  blood  oorpuscules  in  a  healthy  man  » 
61 '2  %  (47*2 — 64*2  %).  According  to  Vierordt,  1  cubic  millimetre  of  blood  contains 
6,065,000  corpuscules.  The  amount  of  dry  corpuscules  in  the  blood  of  man  is  Tsriously 
dTen»12-9%  (Pr^yost  and  Dumas),  l41  (13*1—16*2%)  (Becquerel  and 
Rodier),  11*66  (N a sse).  The  blood  of  women  contains  fewer  corpuscules  than  that 
of  men,  amounting  to  36*924  %  moist  corpuscules  (C.  Schmidt),  and  12*72  dry  (11*8—- 
13*76  %)  (Becquerel  and  Rodier).  The  blood  of  middle-aged  men  and  animals  con- 
tains more  corpuscules  than  that  of  older  or  younger  indiyiduals  of  the  same  species. 
The  amount  of  corpuscules  also  varies  in  the  blooa  of  different  animals,  that  of  birds 
containing  most,  that  of  the  carnivorous  and  herbivorous  mammalia  less,  and  that  of 
cold-blooded  animals  by  far  the  least,  as  will  be  seen  ttom  the  fi>llowing  table,  in  which 
the  perctntages  of  dry  coipuscules  are  given : 


Sheopk 
9*36  (Pr.  and  Du.) 
9-80  (AndraL) 
9-24  (Nasse.) 
10-20  (Poggiale.) 

Cai> 
8-23  (Berthdd.) 


Chicken.  Pigeon.  Ox. 

15-71  (Pr.  and  Du.)  16*67  (ft.  and  Du.)      9*70  (AndraL) 

14  46  (Nasse.)  1218  (Nasse.) 

15  00  (Poggiale.)  14*30  (Poggiale.)  12*30  (Poggiale.) 

Dog.  Fro|.  Bel. 

12*38  (Pr.  and  Du.)  6-90  (Pr.  and  Du.)    600  (Pr.  and  Du.) 

12-38  (Nasse.)  4*68  (Berthold.) 
12*60  (Poggiale.) 

The  proportion  of  corp&KuIes  in  the  blood  of  different  vessels  also  varies.  In  general, 
arterial  blood  contains  fewer  corpuscules  than  venous,  the  blood  of  the  portol  vein 
ft*wer  than  that  of  the  jugular  vein,  while  that  of  the  hepatic  vein  contains  far  more 
than  that  of  the  portal  vein,  jugular  veins,  vena  cava  or  splenic  vein  (Lehmann). 
Lehmann  found  66-662  %  moist  corpuscules  in  the  arterial  blood  of  a  horse,  48*996  is 
jugular  blood,  66*688  in  that  of  the  vena  cava. 

Insuffident  nourishment  and  long  abstinence,  as  well  as  repeated  blood-letting; 
diminish  the  quantity  of  blood-corpuscnles ;  the  amount  increases  if  large  quantities 
of  fat  are  taken  in  the  food.  It  is  also  influenced  by  disease,  a  constant  increase  beinff 
observed  in  plethora,  in  the  earlier  stages  of  heart-disease,  in  spinal  irritation,  and 
in  cholera.  Decrease  occurs  in  all  cases  where  the  consumption  of  blood  is  greater  than 
the  supply,  f.y.  diarrhcea,  intermittent  fever,  affections  of  the  brain,  and  chlorosis 
(8*613  %  Becquerel  and  Rodier).  The  percentage  of  water  in  the  corpuscules  bean 
a  pretty  constant  relation  to  that  of  the  serum,  so  that  when  the  amount  of  watel 
deci^-asee  in  the  serum,  it  also  decreases  in  the  corpuscules. 

ColourUsB  btotxH-corpuicules  are  always  present  in  blood,  but  at  least  in  the  case  of  the 
warm-blooded  animals,  in  much  smaller  quantity  than  the  coloured  corpuscules.  They 
are  generally  almost  spherical,  but  sometimes  lenticular ;  they  have  a  granulated  enve- 
lope, and  generally  a  round  nucleus,  which  is  more  rarely  oval  or  ki&ey-shaped,  and 
strongly  refracts  light :  sometimes  it  is  formed  of  several  small  nudd  grouped  together. 
They  are  identical  with  the  lymph-  and  chyle-corpuscules,  and  do  not  differ  mudi 
fh)m  the  pus-  and  mucus-corpuscules.  They  are  unelastic,  and  their  envelope  is  so 
-viscoos  that  the  oorpuscules  readily  adhere  to  one  another.  They  circulate  less  rapidly 
in  the  blood  than  the  coloured  corpuscules,  and  contain  an  albuminous  liquid  holding 
very  minute  granules  in  suspension.  Dilute  acetic  add  gradually  dissolves  the  ex- 
ternal membrane.  In  human  blood  they  measurn  0*01128  mm.  m  diameter.  They 
are  specifically  lighter  than  the  red  corpuscules,  since  they  contain  more  £it  and  no 
bflpmatin.  In  healthy  blood  they  bear  to  the  red  corpuKules  the  ratio  of  1 :  V378 
(Dunders  and  Holeschott);  the  number  increases  during  digestion  and  diminishes 
by  fasting,  the  increase  commendng  thirty  minutes  after  partaking  of  food,  and  lasting 
two  hours.  They  increase  in  certain  diseases,  frequency  in  pneumonia  and  tuber* 
cniloeie.  In  leuchsemia  this  increase  often  amounts  to  one-fourth  of  the  blood-corpua- 
culea.  The  splenic  blood  contains  large  quantities  of  colourless  corpuscles,  about  oi\e- 
icmrth  or  one-third  of  the  total  amount  of  corpuscules. 
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Gase$,-^AB  early  as  1674,  free  gases  were  supposed  to  be  disaolred  io  blood  aid 
the  question  was  finally  set  at  rest  by  the  experiments  of  Magnus.  The  obj*^-.  <  r. 
raised  by  Lagrange  to  Lavoisier's  theory,  that  if  combostion  took  place  only  in  \liff 
lungs,  the  other  parts  of  the  body  would  have  a  lower  temperaiore,  led  him  tu  eix;;-.-«e 
that  the  blood  merely  dissolved  the  inhaled  oxygen,  and  afterwards  distribuiWl  it 
throughout  the  system.  Foura-oy  was,  however,  of  opinion  tlxat  combustion  U:»jk 
place  principally  in  the  lungs,  and  that  only  a  part  of  the  oxyg^i  was  dii^*c.lr<-d  bj 
the  blood.  H.  Davy  remarked  that  blood  in  contact  with  oxygen  absorbs  a  nn.'.j 
quantity  of  the  gas,  giving  off  carbonic  acid  in  exchange,  and  Nasse  ob&errcd  that 
blood  in  an  atmosphere  of  hydrogen  evolved  carbonic  acidL  It  has  also  bet'n  remar»Lr^i 
that  in  an  atmosphere  of  nitrogen,  arterial  blood  evolves  oxygen,  but  not  Tcnrm 
blood.  Mayow,  Vogel,  and  others,  obtained  carbonic  acid  from  the  blood  bv  i&t'aif 
of  the  air-pump.  Magnus  also  used  the  air-pump  in. his  experiments,  Imt  coiir^ti.i 
the  gas  under  mercury,  and  found  the  gases  in  arterial  blood  to  consist  of  14o  \,  5. 
62-3%  CO*,  and  232%  O,  in  venous,  131%  N,  716%  CO',  and  16-3%  O.  L.  M.jt 
undertook  a  series  of  experiments  on  the  gases  of  blood,  under  the  guid!aoce  at  Bui^^l. 
The  blood  was  diluted  with  ten  times  its  bulk  of  water,  and  the  gues  were  coUecUrd  br 
boiling  the  liquid  in  vacuo  at  a  very  gentle  heat:  the  free  gases  were  thus  obta^.rd. 
A  few  crystab  of  tartaric  add  were  tiien  added,  and  the  blood  again  boiled,  wti^^rv*^) 
the  combined  gas  was  liberated.  The  following  table  contaiiiB  the  quantities  of  g»«> 
(at  0^  and  0'760m.)  in  100  vols,  of  blood. 


Free  Gas. 

O. 

N. 

Free  CO*.  ^°co?** 

Total. 
CO«. 

7  ju 

Art  Cant  (Dog)  (1) 

20-88 

12-43 

2-83 

6-62        28-61 

S4-23 

4$-t* 

»            n             „         (2) 

26-50 

14-29 

604 

617        2858 

»4-76 

O^lnj 

Blood  at  0°  and  1  met  absorbs  1*161  vol.  carbonic  acid,  besides  0*481  independeatlr 
of  the  pressure  (combined  CO').  Defibrinated  calf s  blood,  free  from  air,  al^crts 
under  different  pressures  the  same  amount  of  oxygen  (9*3%  voL  at  0^  and  0  7t>0  hl* 
Serum  absorbs  a  much  smaller  proportion  of  gases  than  de£brinated  blood.  The  rtd 
eolouring  matter  absorbs  a  considerable  quantity  of  oxygen,  and  evolves  a  fitUe  nr- 
bonic  acid.  G.  Harley  found  that  blood,  or  defibrinated  blood,  absorbed  oxjg*?n  xrjv- 
shaken  up  with  air,  and  evolved  carbonic  acid,  but  in  less  quantity  than  corr«s»p<ti:^i^ 
to  the  oxygen  absorbed 

It  is  difficult  to  explain  satisfactorily  why  blood  should  absorb  so  much  isf^ 
carbonic  acid  than  pure  water  at  the  same  tomperature ;  it  is  perhaps  partly  aw;i.v  u< 
the  neutral  alkaline  carbonato  in  blood  forming  acid  carbonate,  but  this  doe»  not  aa-^^oL* 
for  all  the  carbonic  acid  absorbed.  Liebig  has  remarked  that  water  containing  1". 
phosphate  of  sodium  absorbs  twice  as  much  carbonic  acid  as  pure  water,  while  mxit* 
containing  16  %  chloride  of  sodium  only  takes  up  half  as  much.  It  is  also  suppu^i 
that  oxygen,  of  which  blood  absorbs  from  10  to  13  %  of  its  vol.,  and  water  otiT 
0-926  %,  combines  in  a  loose  way  with  blood,  like  nitric  oxide  with  ferrous  sulpH^*-. 
since  the  voL  of  gas  absorbed  does  not  increase  proportionally  with  the  pr>:^^-?^ 
(Lie big).  It  has  also  been  shown  that  part  of  the  oxygen  thus  taken  up  by  IL^-d 
cannot  again  be  separated.     (See  Gases,  Absorfhon  of.) 

Constituents  of  the  coloured  blood-corpu^cules. — Berzolius  has  shown  t}nt 
the  coloured  corpuscules  contain  an  albuminous  substance  {globulin)  differinst  fra 
albumin.  Schmidt  separated  the  corpuscules  by  means  of  sulphate  of  sotiiam,  at  J 
found  them  to  contain  8769  globulin  and  12-31  %  ha?matin.  Mulder  con»id»rs  t;? 
outer  membrane  of  the  corpuscules  to  be  binoxide  of  protein,  a  hypothetical  subsuj-.v 
others  have  taken  it  for  fibrin.  Its  composition  does  not  appear  to  be  fixed,  tiisx^  Vi* 
membrane  of  different  corpuscules  is  variously  affected  by  the  same  rea^enta. 

Blood-crystals  ;  H(BtnatocrystaMin,'—0.  Funke  first,  completely  investigated  the  ns- 
ture  of  the  crystalline  substance  of  the  red  corpuscles,     i'unkeaiid  Kunde  obtain  f'w 
crystals  by  adding  to  a  drop  of  blood,  water,  ether,  alcohol,  or  chloroform,  allowiti^ 
the  mixture  to  dry  slightly  on  a  glass  plate,  and  tlien  covering  the  whole  witJj  a 
glass  cover.     Lehmann  passes  a  slow  stream  of  oxygen  or  nitrous  oxid«^  for  abc«t 
fiftec^  minutes  into  a  mixture  of  blood  and  water,  and  afterwards  carbonic  ^4  uL 
the  liquid  turns  bright  red  and  becomes  turbid,  whereupon  it  cryst^Iisesi     Whw  « 
considerable  quantity  of  blood  is  to  be  operated  upon,  it  is  best  to  le^ive  it  to  ts-^H-zul^:* 
press  the  clot  to  remove  the  serum,  cut  it  in  pieces,  and  wash  it  on  a  linen  filt«-r  jrr~ 
water  till  the  filtered  liquid  amounts  to  about  li  times  or  twice  the  volume  cf  *}*■ 
water  used     The  liquid  is  then  to  be  poured  into  a  glass  rj-lindf r,  oxygra  cem  r^t^*-  . 
into  it  for  about  half  an  hour,  and  then  carbonic  acid  for  ten  or  fifteen  minuti^  ru*-  - 
which  it  is  left  at  rest.     If  no  crystals  form  after  about  two  hours,  the  liqaxl  m«i?t  '- 
mixed  with  \  of  its  volume  of  alcohol  (Lehmann).    Light  promotes  the  cry>talJi»at  -  ^ 
wkich  is  not  caused  by  evaporation  of  water,  since  blood  will  crystAlUae  as  r**^^.;. 
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wfth  twlM  ftp  fotant  of  WBter  m  with  only  half  that  qnantitf.  It  eamiot  be  dosbted 
that  both  osygeii  and  earbonie  add,  bj  their  chemical  action  on  the  contents  of  the 
corpnacnlfls,  are  initnimental  in  the  formation  of  the  crjatali.  The  forai  of  the 
ciyBtala  Tariea  in  the  blood  of  dilArent  animala;  those  obtained  from  the  blood  of 
men,  most  mammalia,  and  fiah,  form  priams ;  from  the  rat,  mouse,  and  goinea-pig, 
tetrahedrons ;  from  the  sqnirrel,  hazagonal  tablets ;  and  from  the  German  marmot, 
rbombohedrons  (of  about  120^),  or  yery  thin  hexagonal  plates.*  The  tetrahe- 
dnl  crystals  dissolve  with  peach-blossom-oolonr  in  600  pts.  of  water,  the  pris- 
matic with  dark-red  colour  in  94  pts.  water.  Nitric  add  tnms  the  crrstals  almost 
black,  but  diwolres  them  on  warming,  and  acquires  a  yellow  colour.  Their  solution 
is  decolorised  by  chlorine,  which  prcipitates  white  flakes ;  it  is  turned  dank  brownish- 
red  by  carbonic  oxide,  and  renaered  turbid  and  bro^nush-red  by  nitrogen.  The 
same  sized  crystals  from  the  same  blood  often  differ  in  intennty  of  cokmr  and  have 
probably  not  always  the  same  composition.  They  seem  to  be  an  albuminous  substance. 
The  solution  of  the  tetrahedral  crystals  coagulates  at  about  63^  C,  that  of  the  pris- 
matic crystals  between  64^  and  66^.  The  crystals  exhibit,  aeeording  to  LehmaaB'a 
analysis,  the  percentage  compodtion  of  the  albuminoids: 


Carbon . 

H^rdrogen 

Nitrogen 

Sulphur 

Oiygen 


55*41 

55-24 

55-18 

708 

712 

7-14 

17-27 

17-31 

16-40 

0-25 

0-21 

0-25 

19-99 

2^-12 

2003 

100-00 


100-00 


100-00 


Uamatin  is  peculiar  to  the  blood-corpuscules  of  rertebrate  animals,  and  in  some  way 
combined  with  the  remaining  albuminous  contents  of  the  oorpuseules.  It  is  obtained 
as  an  amorphous  blackish-brown  substance,  br  treating  the  corpuscules  with  sulphate 
of  sodium,  extracting  the  residue  with  alcohol  containing  sulphuric  add,  and  treating 
with  ammonia,  water,  alcohol,  and  ether.  It  is  insoluUe  in  water,  alcohol,  ether, 
acetic  ether,  and  oils,  both  fiit  and  TolatQe,  but  readily  soluble  in  alcohol  containing 
eulphuric  or  hydrochloric  add.  It  is  not  dissoWed  oy  concentrated  mineral  adds. 
Aqueous  or  alcoholic  solutions  of  alkalis  or  their  carbonates  dissolye  hsmatin  in  all 
proportions.  A  sulphuric  add  solution  of  hsematin  which  has  been  toned  red  by 
admtion  of  alkali,  exhibits  dichroism,  appearing;  green  by  trannnitted  and  red  by 
reflected  light  If  hgmatin  be  allowed  to  stand  in  contact  with  pure  concentrated  sul- 
pliuric  add,  it  may  be  obtained  perfectly  free  from  iron,  without  sidTerinff  any  perceptible 
change  in  its  properties.  Berzelius  found  in  the  dry  blood  corpuscules  or  men  and 
oxen  0*38  %  metallic  iron,  and  since  Mulder  has  found  6-64  %  iron  in  hiematin,  the 
cornuscnles  would  contain  6-72  %  hematin,  and  the  blood  0*732  %.  Betquerel  and 
Boaier  found  in  blood,  0*0565%  iron,  and  14*11%  corpuscules,  which  would  giye 
6*02  pts.  haematin  to  eyery  100  pts.  corpuscules.  In  disease,  the  proportion  ef  hematin 
to  the  whole  blood  probably  yaries  with  the  corpuscules.  It  is  not  known  whether 
there  is  a  fixed  relation  between  hgmatin  and  the  albuminmd  ot  the  corpuscules. 
Mulder  assigns  to  it  the  formula  C^iP'A*0'.  The  arterial  blood  of  the  horse  containa 
rather  len  hnmatin  than  that  of  the  outer  jugular  yein ;  the  corpuscules  of  the  liyer- 
blood  contain  far  less  than  those  of  the  vena  porta.  The  proportion  of  iron  to  dry 
corpuscules  in  arterial  blood  ■>  1  :  894 ;  in  that  of  the  jugular  yein  1  :  390 ;  of  the 
Tena  porta  1  :  312 ;  of  the  liyer  1 :  500  (Lehman  n.)  Foggiale  found  0*126  %  fiaiTie 
oxide  in  human  blood,  in  that  of  the  ox  0*125,  calf  0*111,  dog  0*145,  sheep  0*106,  diicken 
O-075. 

A  substance  called  ksmatMinhaMheem  obseryed  in  blood  extrayasated  in  the  tissues 
of  Hying  animals.  It  is  sometimes  amorphous,  in  grains  and  little  globules ;  some- 
times in  otystals  beloneing  to  the  monodinic  system.  It  is  transparent,  strongly 
refracting,  yellowish-red  or  ruby-red,  insoluble  in  water,  alcohol,  ether,  acetic  acidl^ 
and  dilute  mineral  adds.  It  i^eneralljjr  turns  ardent  red  on  addition  of  potash, 
gradually  disintegrates,  and  sphts  up  mto  red  granules,  which  gradualljr  dissolye. 
The  hflBmatoidin  is  not  ropredpitated  by  neutralising  the  alkali  By  the  action  of  con- 
centrated sulphuric  add,  the  sharp  contour  of  the  crystals  yanishes,  and  the  colour  of 
the  round  concretions  first  turns  brownish-red,  then  green,  blue,  and  rose,  and  finally 
dirty  yellow.  In  the  liquid,  iron  may  sometimes  be  detected,  but  not  alwaya  Ac- 
cording to  Robin,  its  formula  is  C"H»«NK)«. 

The  natnro  of  the  nuclei  whirh  sometimes  occur  in  the  corpuscules  is  unknown. 

A  considerable  quantitT  of  the  /at  of  blood  occurs  in  the  corpuscules,  nearly  the 
whole  of  the  so-called  phosphoiised  fiits  being  contained  therein.  Lehmann  found 
2-214  and  2-284%  fat  u  the  dry  corpuscules  from  bullock's  blood.     The  ethereal 

*  Flgnret  of  thcM  crytUlt  are  ftven  io  Funke'i  Atlau  of  rh7»lolofficjiI  ChetnistrT  (LHpslg,  18•^3,  alto 
pubUtbad  bj  Um  Ca?»odtoh  Society)  ;  and  In  tba  Handwfirterbucb  der  Chemie,  aie  Aufl.  II.  [S]  ia$. 
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extract  of  these  corpusoules  yielded  22  %  acid  ash,  consii^tiDg  of  acid  phosphate  rf 
sodium,  from  which  it  is  probable  that  phosphogly eerie  acid  is  contiUDed  in  the  ecr* 
puflcnles.  The  corpuscules  in  the  blood  of  different  Tessels  do  not  contain  the  rant* 
amount  of  fat  In  the  moist  corpuscules  of  the  carotid  artery  of  the  horse,  were  found 
0-608  %  fat ;  in  the  external  jugular  vein  0-662  % ;  in  the  Tena  porta  0*762  ;  in  liv«T- 
blood  0*684.  Dry  corpuscules  separated  from  arterial  blood  by  sulphate  of  sodium  coa- 
tained  1-842  %  fat ;  from  venous  blood  3-696  %. 

The  solid  constituents  of  the  corpuscules  contain  ratiier  leas  than  6%  e^racifw 
mattery  the  nature  of  which  is  unknown.  They  also  contain  a  fr^e  or  loosely  crn^ 
bined  nitrogenised  organic  acid. 

Moist  corpuscules  contain  on  the  average  68-8  %  water  (Lehmann).  Taking  iuv* 
account  the  amount  of  serum  enclosed  in  the  coagulum,  the  corpuscules  ooDtain  a  mi^rh. 
smaller  proportion  of  soluble  salts  than  the  serum.  It  will  be  seen  from  the  anaiys«^  i  j 
Schmidt  (p.  611),  which  ore  the  most  trustworthy,  that  the  corpuscules  e«5ntain  j'- jj. 
cipally  phosphates  and  potassium  salts,  and,  in  smaller  quantity,  chlorine,  sulpLor  * 
acid,  soda,  and  earths,  while  the  serum  contains  proportiMially  less  chloride  of  pot-^!»«jin 
and  phosphate  of  sodium,  and  more  chloride  of  sodium,  sulphuric  acid  and  e^urlli^.  ia 
man  the  moist  corpuscules  contain  0*7282%  salts.  The  blood  of  those  animals  wL  .-h 
contained  most  corpuscules  also  contains  most  alkaline  phosphatea  (Nasse^.  f.?- 
corpuscules  contain  less  earthy  phosphates  than  the  serum.  Iron  belongs  alo^ 
exclusively  to  the  red  corpuscules  (haematin).  Clear  serum  contains  no  iron.  (N  &s>« 
and  Schmidt). 

Fibrin.  -^  As  already  stated,  the  spontaneous  coagulation  of  the  blood  is  cat»^i 
by  the  separation  of  the  fibrin,  which  at  the  same  time  encloses  all  the  corpu^crJ^ 
and  a  portion  of  the  serum.  As  soon  as  the  blood  haa  left  the  body,  a  ^m  gatbrr> 
on  the  surface  of  the  liquid,  extending  in  tlie  form  of  a  star,  from  ihe  sides  of  th^ 
vessel  towards  the  centre ;  a  clot^  adhering  to  the  sides  of  the  vessel,  then  t.Tn jw 
Often,  within  two  minutes  after  the  blood  has  been  collected,  it  becomes  Ti«.ii 
and  gelatinous,  and  after  a  time  a  few  drops  of  liquid,  gradually  increasing  in  quAa^Uv. 
separate  from  the  jelly,  till  the  coagulum  swims  in  the  serum.  According  to  cin.-uia- 
Htances  the  coagulum  is  more  or  less  contracted,  consistent^  viscous,  sjn^  elastic..  \f 
the  coagulation  be  observed  under  the  microscope,  exceedingly  fine  straight  threj^? 
will  be  seen  to  shoot  out  from  various  points  between  the  corpusculea,  and,  gradsxl) 
increasing  in  length,  to  cross  one  another,  so  that  finally  the  whole  forms  a  netv^r^ 
enclosing  the  corpiu>cules.  If  the  amount  of  fibrin  is  small  in  comparison  to  the  ccr- 
puscules,  the  coagulum  is  comparatively  light;  denser,  on  the  contrary,  when  the  axan-jct 
of  fibrin  is  large.  A  large  quantity  of  water  diminishes  the  consistence  of  the  coji^TL'un. 
Various  salts  have  the  property  of  retarding  or  entirely  preventing  the  coagulation  •  i 
blood.  The  alkalis  and  their  carbonates  and  acetates  have  this  effect,  and  rutlMj 
strong  solutions  of  nitrate  of  potassium,  nitrate  of  calcium,  and  chloride  of  am- 
monium in  a  less  degree.  Most  dilute  acids  also  maintain  the  fluidity  of  blood,  thc«^'h 
they  render  it  rather  more  viscous.  The  venous  blood  of  a  healthy  man  oonuui« 
between  0*203  and  0263%  fibrin  (Scherer),  0*220  (average,  Becquerel  and 
Kodier),  0*260  %  (Denis).     Arterial  blood  contains  more  fibrin  than  Tenoas.     (^>fr 

FiBBIN.) 

Constituents  of  the  Serum. — The  average  specific  gravity  of  seruxn  «■  1'028;  itii 
,  less  variable  than  the  specific  gravity  of  blood.  The  amount  of  water  in.  the  stran 
varies  between  88  and  96*6%,  averaging  90-6  or  90*6%  (Nasse).  Women's  blo«\i 
contains  more  water  than  that  of  men.  According  to  C.  Schmidt,  the  semm  of  m^ 
contains  90*884%  water,  and  that  of  woman  91*716;  and,  according  to  Nas.^,  th- 
serum  of  pregnant  women  is  more  aqueous  than  of  others.  At  an  advanced  agit,  iLe 
amount  of  water  increases  considerably.  The  following  table  contains  the  percenUgrii 
of  water  in  the  serum  of  different  animals : — 

Ox.  Sheep.  Dog.  Oilckm. 

90*8  (Nasse.)  91*6  (Du.  and  Pr.)  92-6  (Bu.  and  Pr.)         92*6  (Du.  and  Pr.  i 

91*6(Berthold)        918  (Nasse.)  91 -2  (Nasse.)  93-1  (Nasse.) 

Pigeon.  Frog.  E«I. 

94*6  (Du.  and  Pr.)  95-0  (Du.  and  Pr.)  9C0  (Du.  and  Pr.) 

According  to  most  observations,  the  serum  of  arterial  blood  contains  more  water  tbAa 
that  of  venous  blood.  Simon  found  in  the  arterial  blood  of  two  horses,  2*734%  mt.p» 
water  than  in  the  venous  blood,  and,  according  to  Nasse,  arteriiJ  blood  contains  diJ* ., 
more  water  than  venous.  As  a  general  rule,  the  amounts  of  water  in  the  serum  ar.i 
of  corpuscules  in  the  blood  are  inversely  proportional  An  absolute  diminution  »^ 
water  has  only  been  remarked  in  cholera. 

Albumin  is  the  most  abundant  of  the  constituents  of  the  serum,  amounting  to  U- 
tween  6*3  and  7*1%  of  normal  blood,  and  between  7  9  and  9*8  %  oi  normal 'eertim 
Neutral  albuminate  of  sodium,  which  becomes  turbid  on  addition  of  water,  ocrun  o«.t 
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enl/  TD  moiM  Mood,  bol  dio  in  the  Uood  of  the  epleen.  The  Mrmn  of  the  blood  of 
Che  feoA  pofta  ffiTce  leis  turbidity,  and  that  of  the  lirer-blood  more,  than  of  the 
tplceB.  when  Vie  alkaline  senim  of  liver-blood  ia  nentraliaed  with  acetic  acid,  the 
tJhQinin  does  not  coagulate  on  boiling  till  after  sereral  hours,  while  that  of  the  Tena 
porta  and  other  veina,  aa  well  aa  of  the  arteriea,  speedily  ooa^^tes  on  addition  of 
acetic  acid  and  boiling.  Hoppe  is  of  opinion  that  the  albnmin  in  serum  is  not  dis- 
aolred«  but  merely  suspended  in  a  state  of  fine  diyiBion.  According  to  Becquerel  and 
Bodier,  normal  man's  olood  contains  6*94  %  (6*2—7*3  %)  albumin,  and  that  of  women 
7*06  (6*6 — 7'56)  %,  The  blood  of  pre^ant  women  was  found  to  contain  from  the  2nd 
to  the  7th  month,  7*0^6*8  %  albumin,  and  in  the  last  two  months,  6*8 — 6*4  %.  (J. 
BegnaultV  Arterial  blood  contains  lees  albumin  than  venous,  and  the  amount  in 
liver-blood  increases  considerably  during  digestion ;  it  decreases  in  scuryy,  puerperal 
f^yfT,  and  6right*s  disease,  and  increases  in  intermittent  fever,  cholera,  &c.  In  typhua, 
it  amounted  to  6*6  %,  and  in  Bright's  disease  to  only  4*93  %. 

Fait, — But  few  tne  fats  are  found  in  serum ;  they  occur  chiefly  saponified.  Che* 
Treul  and  Babington  first  discovered  the  presence  of  normal  fats  in  blood.  Oleic,  mar- 
frarie,  and  stearic  acids,  both  free  and  saponified,  have  been  detected  in  the  serum  of 
b«illock*8  blood,  and  cholesterin  is  constantly  present  Boudet  describes,  as  a  fat  peculiar 
to  the  serum,  a  substance  extracted  from  its  residue  by  hot  alcohol  (serolin),  which 
Oobley  considers  as  a  mixture  of  olem,  maigarin,  cholesterin,  and  cerebrin.  According 
to  Chevreul,  phoepholeic  acid  (cerebrin)  is  contained  in  the  fibrin  and  serum.  Compared 
v«  ith  the  corpuscules,  that  of  the  serum  is  more  ciystalline,  less  viscous,  and  colour- 
less. Normal  serum  contains  0*2  %  fat,  and  its  solid  residue  2*22%  (Simon,  Kasse, 
BecQuerel).  The  amount  of  fiett  in  the  blood  is  not  increast^d  by  food  rich  in  fat,  nor 
is  it  aiminished  by  nourishment  fi^e  fix>m  fat  During  digei<tion,  the  amount  of  fat 
in  chyle  and  in  the  blood  of  the  vena  porta,  has  been  found  to  increase  considerably,  so 
as  occasionally  to  render  the  serum  turbid.  According  to  Becquerel  and  Bodier,  the 
blood  of  women  contains  0*67  p.  m.  fat  and  soaps,  and  that  of  men  0*69  p.  m.  Serum  of 
arterial  blood  contains  less  hi  than  that  of  venous,  and  the  vena  porta  blood  is  richer 
than  the  jugular.  Becquerel  and  Bodier  have  found  that  >ilmoet  at  the  commencement 
of  eveiy  acute  disease,  the  proportion  of  fiit  (eei>ecially  cholesterin),  in  blood  increases,  as 
well  as  in  some  chronic  diseases,  particularly  in  liver  diseases.  Bright  s  disease,  tuba> 
culoeis,  and  cholera. 

Little  is  known  of  the  extraetim  matter  of  the  serum ;  it  varies  between  0*25  and 
t^42  %.  Lebmann  found  more  in  the  arterial  than  in  the  venous  matter  of  the  horse. 
Sugar  (grape-sugar),  is  a  normal  constituent  of  blood.  The  blood  of  the  vena  porta 
contain^  but  traces,  while  that  of  the  liver  contains  larger  quantities.  In  normal 
bullock*8  blood,  it  varies  between  0*00069  and  000074  %  (Lehmaun).  The  blood 
of  a  dog  contained  0*0015,  and  of  a  cat  0*0021  %.  In  the  blood  of  ^betic  patients 
Ix'hmann  never  detected  more  than  0*047  %  sugar.  The  amount  varies  with  the  nature 
of  the  food.  Urta  occurs  in  healthy  blood  to  the  amount  of  0*0142—0*0177  %.  It 
han  been  detected  by  evaporating  l&rge  quantities  of  serum  and  adding  nitric  or  oxalic 
acid  to  the  residue.  The  quantity  increases  considerably  in  Bright's  disease  (1*5  % 
in  fterum,  Brieht  and  Babington),  and  in  cholera  (0*14  %).  Urie  acid  has  been 
found  in  the  blood  of  healthy  as  well  as  of  diseased  persons.  Giint>d  found  between 
0*0012  and  0*0055  in  the  serum  in  a  case  of  Bright's  disease.  Creatine^  creatinine^  kip- 
»uric  aeidf  and  hypoxanthine^  have  also  been  detected.  According  to  Musing,  alcohol 
nas  been  detected  ic  the  blood  of  men  who  had  died  from  drinking  brandy.  Ha- 
t«^cci  states  that  soat's  blood  warmed  with  sulphuric  acid  evolves  cavroic  acid. 
Scherer  has  detected  lactic  acid  in  a  case  of  puerperal  fever.  Fourcroy  and  Vanquelin 
and  others  state  that  they  have  found  bile-constituents  in  healthy  blood ;  they  some- 
tixnefl  occur  in  morbid  blood.  Leucine  and  tyrosine  occur  in  small  quantities  in  liver 
and  portal  blood,  in  diseases  of  the  liver.  Little  is  known  of  the  coiourina  mattere 
proper  to  the  serum.  An  intense  yellow  coloration  of  the  serum  is  often  <uie  either 
to  bile-pigment  which  may  be  detected  not  only  in  icterus,  but  also  in  pneumonia. 
Slack,  scarcely  yellow,  brown,  or  red  granules  of  pigment  are  said  to  have  been  de- 
tected in  the  heart,  large  vessels,  liver,  and  spleen,  after  intermittent  fever.  Blood  con- 
ttiina  neutral  carbonate  of  sodium  (0*1628  %  in  bullock's  blood,  Lehmann),  probably 
as  add  carbonate  (Lehmann,  Liebie).  Meyer  concludes  ftrom  his  experiments  that 
it  ia  not  present  as  acid  carbonate  Blood  seldom  contains  sulphateSy  and  never  more 
than  traces;  it  contains  silicic  avid  (Millon),and  according  to  G.  Wilson,  traces  of 
fluorine.  Normal  blood  never  contains  ammonia^  but  that  alkali  is  sometimes  found  in 
disease  (cholera,  Acl) 

Salts.^The  serum  of  man's  blood  contains  0*88  %  (av.)  salts,  that  of  women 
0*81  %.    Lehmann  gives  the  following  composition  of  the  ash  according  to  the  baat 
analyses :  61*087  %  chloride  of  sodium,  4*085  chloride  of  potassium,  28*880  carbouato 
Vot,  L  RR 
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of  8odium,  3  196  phosphate  of  iodium  (Na*HPO*),  2784  sulphate  of  pota*«ain.  Tio 
Bdruin  of  grown-up  animals  contains  more  salts  than  that  of  the  young ;  the  9(.Tnm  of 
the  calf,  however,  contains  1*12  %  salts,  while  that  of  the  cow  contains  0*99,  and  «'f  ^V 
ox  0-87  %  (Nass  e  and  Poggi  ale).  The  blood  of  cats,  goats,  and  sheep,  contaiit*  iL^ 
most  salts ;  of  birds,  men,  and  pigs,  less;  and  of  dogs  and  pabbita  the  least.  Arterial  h\*M 
serum  is  somewhat  richer  in  salts  than  venous,  and  the  senun  of  portal  blood  con?Aioa 
considerably  more  than  that  of  the  jugular  vein.  The  kind  of  nourishment  h»«  invat 
influence  on  the  amotmt  of  saltfl,  and  of  their  several  constituents.  Plouvi«  and  I^-j- 
giale  found  that  in  the  blood  of  animals  to  whose  food  common  salt  had  been  a<iJ-d 
for  several  months,  the  percentage  of  salt  rose  from  0*44  to  0-64,  an  increase  doe  rhwij 
to  chloride  of  sodium.  The  amount  of  salts  is  also  ^eatly  influenced  by  dLseaae.  \pni 
particularly  small  in  violent  inflammations,  and  vicreasing  in  typhua.  Sec.  Weti^T 
found  ri9  %  silica  in  the  ash  of  bullock's  blood. 

The  amount  of  salts,  exclusive  of  iron,  in  man's  blood  «  0*728 %,  woman  OR?K, 
dog  0*713  %.  Some  chemists  think  they  have  detected  manganese  in  blood,  bat  i*< 
presence  is  doubtfuL  Millon  found  cojrpcr  in  the  blood  of  soldiers  whoee  Icod  had 
been  prepared  in  copper  vessels,  and  others  have  detected  traces  in  the  blood  of  m'O 
and  beastj*.  It  is  said  always  to  occur  in  the  ash  of  the  blood  of  iAviuius  Cyci"}  *. 
Millon  also  detected  lead  in  blood. 

Analysis  of  Blood. —  The  amount  of  water  in  blood  is  easily  estimated  by  evapr^ 
rating  a  weighed  quantity,  and  drying;  the  residue  at  120°— 130°  C. 

To  determine  the  Jtbrin^  the  blood,  as  it  runs  from  a  vein,  is  received  in  a  tarw] 
vessel,  and  stirred  for  6  to  10  minutes  with  a  glass  rod,  the  weight  of  which  i>  r- 
eluded  in  the  tare,  till  the  fibrin  is  completely  separated.  The  blood,  together  ^[xh 
the  separated  fibrin,  is  then  weighed,  strained  through  linen,  and  the  fibrin  wS  .'h 
remains  thereon  is  placed  for  some  time  in  water,  then  dried,  well  boiled  with  akt  ;  -I 
and  ether,  to  free  it  from  fat.  and  weighed  after  drying  at  120^  C.  (Becquerel  aii 
Rodier). — Another  method  of  estimation  is  to  leave  a  weigh«>d  quantity  of  bloo*!  to 
coagulate  at  rest,  tie  up  the  clot  in  a  fine  linen  bag,  after  it  has  contracted  as  mu«^ij 
as  possible,  knead  it  first  by  itself,  afterwards  with  water,  and  treat  the  resiidue  as 
above.     (Scherer.) 

FMimation  of  Albvmin  and  othr  Matters  coagvJahle  by  Heat  —A  weighed  quan- 
tity of  the  blood,  slightly  acidulated  with  acetic  acid,  is  added  by  drops  to  l"  uitf: 
water,  the  liquid  is  poured  through  a  weighed  filter,  and  the  coagulum  co]le«-t»^i 
thereon ;  it  is  then  washed  on  the  filter  with  boiling  water,  and  dried,  first,  at  a  gentl** 
hejit,  afterwards  at  120°  to  130°  C.  The  residue  may  be  freed  from  fat  by  trtfatmi?Rt 
with  boiling  ether.  If  the  blood  had  not  been  preriously  freed  ftt>m  fibrin,  the  w*r?j'.t 
of  that  substance,  determined  as  above,  must  be  deducted  from  the  total  weight  of  tU 
coagulum. 

Estimation  of  the  Extractive  Matter. — The  filtrate  obtained  in  the  last  det«Tninat:on 
is  evaporated  on  the  water-bath  in  a  tared  platinum  basin,  the  residue  dried  at  12u^  C^ 
weighed,  and  burnt  in  a  muffle  at  as  low  a  heat  as  possible.  The  weight  of  the  a«h, 
deducted  from  that  of  the  total  dried  residue,  gives  approximately  the  amount  of  tx- 
tractire  matter.  • 

Estimation  of  Fat.— A  quantity  of  blood  (which  need  not  be  weighed)  is  dric-d  st 
100°  C,  the  residue  is  pulverised  and  dried  at  120°,  and  a  weighed  portion  ther«*.f  is 
treated  with  ether  in  a  flask :  the  ether  is  passed  through  a  small  filter  into  a  tjr*^i 
platinum  capsule;  and  the  treatment  of  the  residue  with  ether  is  repf*AU'd  several  timpK. 
The  collected  ethereal  solution  is  carefully  evaporated,  and  the  residue  dried  at  V>tj-  C. 
As  the  weight  of  the  solid  constituents  of  the  blood  has  been  previously  determist-J. 
the  quantity  of  blood  from  which  this  amount  of  fat  has  been  obtained  may  be  e*i- 
culated  from  that  of  the  residue  which  was  subjected  to  treatment  with  ether. 

Estimation  of  Mineral  Constittients. — A  weighed  quantity  of  the  blood  is  drii^ 
mixed  with  ignited  carbonate  of  sodium,  tlien  dried  and  incinerated  in  the  mufli?  at 
the  lowest  possible  temperature.     (See  Ash  of  Organic  Bodies,  p.  418.) 

Si^ratf  Estimation  of  the  Serum  and  Coagxtlum^  with  their  ConfitifwmtM.  —  Tb'» 
fresh  blood  is  collected  in  a  tared  cylindrical  vessel,  having  a  ground  etlge,  and  »<-i 
too  shallow;  it  is  covered  with  a  glass  plate  and  left  to  stand  till  the  eo:igulati->n  i* 
complete,  after  which  the  edge  of  the  clot  is  detached  from  the  side  of  the  xei^^l  by 

eans  of  a  needle.     The  blood  is  then  weighed,  and  after  the  clot  ha.«*  oontra«.'tfHi  a 

uch  as  possible,  the  serum  is  poured  off,  and  the  quantity  of  albumin,  &e.,  rontaii»'"J 

it  is  determined  as  above  described.  The  clot  and  the  inner  surface  of  the  vt^wrl 
are  then  freed  from  serum  as  completely  as  possible  by  wiping  with  bibulous  p^:vr, 
and  the  clot  is  weighed  on  the  vessel.  This  weight,  deducted  from  the  total  weigh»  (f 
the  blood,  gives  the  proportion  of  serum. 

The  clot  contains  the  blood-corpuscules,  the  fibrin,  and  a  certain  quantity  of  r^titt.  ; 
the  amount  of  water  contained  in  it  maybe  determined  by  drying  at  120^  to  130'  C, 


e  i>  no  known  metbod  of  dlrecllj  ntinutiiig  the  amount  of  thi  bla 
PnToat  uid  Dumu  eetim&ttKi  it  &ppniiimiit«]j  oa  th«  saaumptian  t 
nUina]  io  tbe  clot  ia  oil  diia  to  wUieciag  wnun.  Mid  acCOTdinglj  de 
weight  of  the  dried  dot  ui  amouiitof  wrDm-iMtiatitaeiilieoinn)ODdiii( 
of  mier  in  tba  dot,  tisetlier  with  the  unoiint  cf  fibrin  iepant<lj  deto 
rer.  the  blood-eoipnicnlei  tbemwlTes  contain  water,  tbi*  metbod  nea 
le  qnantitif  of  dry  eocponcalu  Uio  anaR. 

ling  to  C.  Schmidt,  the  clot  oontuni  »  qwuti^  of  MTain  anuuDting  to 
ind  the  weight  of  the  moiat  blood-oell*  it  fbor  times  aagreat  u  Hiat 
a<  detennined  bj  the  method  of  FlsToet  and  Domaf.  ^upe,  when  t 
of  the  •erom  and  ooagnlnm  bare  boeii  detemiiiBd  m  abore,  and  6 
t  iim  eosgalum,  a  dedactlaa  ia  made  of  the  qnantit;  of  aemm-Minil 
idtDg  to  }  of  the  weight  of  the  moiit  coagohun,  the  eompositioQ  of  tl 
maj  be  calralated.' 

rtioD  of  hEBDUtin  &om  g^bnlin  cannot  ba  riftetsd ;  bat  if  the  qaai 
dij  coagobun  be  determiiied,  the  amooot  of  bIoo4-pigi9>Bl  maj 
>u  thesuppoaitionthat  thiipigmentcontunaS'SlpereaiiL  afixoo.  (Str 
d-Cbem.  iL  [2]  US). 
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BLOWPIPE.  613 

1  Is  clowd,  rMpintion  being  mried  od  tluoii^  tlie  noatiils.  He  moda  of 
liii  ia  difficnlt  to  d««cribe,  but  tb«  right  meUuia  of  bbwing  if  euHj  icqnired 

Mj  and  intend^  of  the  flune  xwij  eontidasblj;  accordiiig  to  tiu  ibength 
ian  of  tbd  blaft.    If  the  Dmle  of  thn  blovpipa  ia  iiuarted  into  the  middle  at 

>  little  above  the  wick,  u  ahown  in  fig.  102, 
ted  flune  ia  produced,  coniiitine  of  in  enter  K,_  |m 

ler  cone,  the  fonner  haring  »  jeltow,  the  latter  ^ .       _^ 

nvi.  The  outer  flame  i«  ■□  oztitinn^  Suns. 
Iilf  tmbatanee.  each  u  lead  or  copper,  placed 
beyond  the  point  a  of  thin  fiame,  is  strongly 

conbwt  with  the  oxygen  of  the  air,  and  I« 
bronght  jiut  into  the  cooditien  fot  taking  np 
The  getMeri,  heat  ia  at  the  point  of  the  inner 

comboatJble  gaaee  being  there  npplied  with 
laotit^  of  Oijgen  required  to  conanme  them  ; 
en  thia  and  the  point  of  the  eiterioc  flame,  ia 
f  of  combnatible  manner,  Teir  hot,  but  not 
1,  and  therefore  diaposed  to  take  o^gen  fiom  aiij  oonpomid  containing  that 

Thia  part  of  the  flame  ia  theiefbra  a  nduemg  <iune.  A  piece  of  orcluuij 
uning  lead,  tamn  bUck  and  opaqna  when  heated  in  thia  part  of  the  Samc^ 
lenee  of  the  tedoetioD  oT  the  lead ;  but  b;  aftenrardi  heating  it  in  the  onto 

lead  ia  reoxidiaed,  and  the  traorareDC^  natored. 

ledDcing  power  of  a  flame  prodoced  in  the  manner  jnat  deaeribed,  ia  not 
any  one  mav  convince  himaelf  bj  trying  to  reduce  oxide  of  copper  oi 
it  without  the  aid  of  ■  i«dacing  ag«nL    The  flame  ia  for  the  mo«t  pait 


:>erture,  and  to  adjust  the  point,  not  within,  bnt  just  oataide  the  flame,  ■ 
.ther  over  than  through  the  middle  of  the  flame.     In  thia  manner,  the  flam* 
iTod  in  it4  gf'Deral  chanurtera  than  in  the  fbnner  Caac^  the  chief 
iting  of  a  large  and  luminous  cone,  containing  a  considerable       Fig.  lOS. 
if  free  carbon  in  a  state  of  intenae  ignition,  and  jnat  in  the          , — <. 
for  taking  up  o^gen.                                                                              f      \ 
icea  to  be  neated  in  the  blowpipe  flame,  are  supported,  some-         I       / 
charcoal,  sometimee  in  spoons  or  fbrcepa  made  of  pl.rinum           \     / 
LDum  fail  or  wire,  Bometunea  on  small  eapaulea  made  of  clay            \    / 
irth.     Charcoal  ia  used  chiefly  in  eiperinienta  of  radnctum.             )    I 
tance  to  be  heated  is  placed  in  a  amaU  hole  aoooped  in  the         J   V 
g  charcoal,  not  at  the  enda,  because  in  the  latter  poaitjon,  it        1^ — ^ 
kelj,  when  in  the  fused  state,  to  sink  into  the  pnte*  ol  th*  

Clay  basina  are  chiefly  used  in  the  qnaatitatiTe  aaaaying  , ,  , — ■ 

They  are  made  of  flie-olay  kneaded  into  ■  stiff  paate  wi£        \ /     | 

aged  into  ahapa  in  a  box-wood  monld  (fig.  103),  then  dried  | 

led.      Insteaa^theae^  however,  Tmyliun  porcelain  barina,  I 1 

J  be  pracnred  ready  made,  may  be  naed  with  adTantsge. 
eupela  of  bone-earth  made  in  a  similar  manner,  an  need  for  cupelling  aitTcc 
ritn  lead.  The  oiide  of  lead  fbrmed  in  theprocesa.sinkt  into  the  poronasup- 
ng  the  bjItct  or  gold  in  the  form  of  a  meLallie  button. 
TB  AxALTBia. — The  blowpipe  is  an  indispenaable  inatminent  in  qoaUtatdTe 
IS  it  setrea  to  recognise  the  presence  of  many  snbatancea  with  greater  ftcili^ 
n^  thiji  couM  be  Attained  by  analyiia  with  liqnid  reaMota,  eapecially  when  the 
tf  snbatanca  to  be  operated  «o  ia  but  amall.  OenerBlly  tpealcing,  howerer,  it 
I  to  trntttotheindieationaof  the  blowpipe  alone,  inasmuch  as  many  anbalancea 
ndisUnct  nactions  when  nbimtted  to  thia  mode  of  examination,  and  are  qit 
ipletelj  oreriooked  when  present  together  with  othen  whoaa  indicationa  an 
ided.  In  a  mixture  of  iron,  nickel,  and  cobalt,  for  example,  it  would  be 
osaible  by  the  bloiniipe  alone  to  recogniae  anything  but  cobalt,  eren  though 
1  mi^t  be  preaent  m  amall  proportion  only  as  compared  with  ihe  others.  It 
lerefcre,  to  use  the  blowpipe,  and  in  Beneral,  the  mode  of  analysis  by  the  Arj 
means  of  determining  the  general  charaeter  of  a  compound  or  mixture,  and 
certain  of  ita  conalatuent^  and  thns  obtaining  an  indication  of  the  beat 
iroeeeding  with  the  more  complete  analjaia  br  tSa  wet  way. 

....     .1  _. ,  .1.     „g„^  elomentatj  bodiaa,  and  their 

with  certain  reagenla,  ia  given 
, „  ,p. , , ae  charactcn  wiu  he  dsaFribod 

detitil  in  traaling  of  the  aeveral  elementi  and  compounds.    The  table  on 


BehaTiour  of  Metallic  Oxides  before  tl 

Ixail  ii  baati  bj  furiiq  tlw  flu  sd  ■  loop  atit  M  At  aid  of  •  pktinan-win 

in  th*  nduiiigSue,  H  it  MmKliim  adiiMble  tn  onplgj  channal  initead  «f  pUui 

■mplajad.     In  tbia  t>bl«  k.  ligniGn  hal ;  c  cold  j  nijnnL  lui  tb* 


ur 

With  Microooamio  Salt. 

i. 

In  outer  or  oxidisiDg  FUme. 

Id  inner  or  reduang 

•te   ftriA.       All  ^;tai<«    «rt*i,   mid 

C^.Didfmic.Mi'V^^Sl 

b.aottx.  f^errk mi  Cerieorida.     h.  Fa- 
SilMT.    t  NUkeUiidt. 

h.  FerrU  wiA  (nddkb),  TU 

jr<>iiyMM«  ud  iMi^Mte  oMm. 

i/n*  (not  mx.). 

- 

CoMI-omit.    c  CVie  (»i<j;>. 

rUalt-oxide.     T„Mff,tie«aj 

^ 

h.  Cupric   oiidt.    Molsbdic   aakydHdt. 
drome  MDiarMieondn. 

fhromit  uid   Uranie  otUtt, 

md 

e.  0«dt,orSat>tr,!rmcCad 

with  Microcosmic  Salt  and  Borax. 

into  tb*  teelj-pimdMcd  nhduMJa  midcr  exMitutioB,  ud  igila  Wled.  I 
'  th*  btad  &«iD«Dtlf  (uiM  will)  il*  tcnqwiUunb  and  iritb  tlw  fuutitjr  of  alii 
I  wilb  oxide  ;  iwt  imL  that  it  ii  not  oopisteljp  Mtunlcd  wHh  oiid*. 


With  Borax. 


oatet  or  oxidiring  Flame. 

In  inner  or  redoeing  Flai 

AlumiMa.  SoMMic  eiide.  —  Super*. 
:  AUtaUnt  MTf Ai  ud  EofiK,,  OiiAi 
er,  Tantalie,   Cotumbic,  Tetluroui 
iiM.— Not  nt:  Tilmue,  Tangitie. 
iie  MifAidf,  ZiM-.  CadmiMm-. 
Bimuti;  Anlimong-oiiiet. 

optqu:  ^UottH  mtMi  n>d  £>« 
lioHieiiMd  Otrie  oside*.  ToMtaUe 

prie  oxide. 

^dkaniydfUe.     h.  not  ut.  Ame 

■nd  Moiridie  mmlfinda  (bnwDu 

u,  iDd  Ferric  ondct.    «.  Ificiel- 
(nd-bnin).     h.  npn.    Ciromie 

c  a|p™.0™&(«p»..op«ia.). 

me  toA  Sidfmic  oxide$.    HUM- 

-oriA.    ^Cupric  oxide. 

CWaff^ixi*. 

tmie,<>tiA,rmedictmifd    h.  0.- 

Ame,  ETrontv  Ciror>K  otide*. 

M. 

irdride. 

BLUE— BOUEIC  ACID. 
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(0  atfiidied  m  jetk  the  estivmity  of  which  u  fonned  of  plata'niiin.  The  guet  mix  m 
tbe  tube  A,  and  paie  oi\  through  the  meehes  of  the  wire-gauze  or  the  intentioei  be- 
tween the  thin  braoB  wiiea  to  the  point  of  the  jet»  where  they  are  set  on  fire.  The 
proporfione  in  which  the  sasee  are  8U{yplied  are  regulated  by  stopcocks  on  the  tubes 
0  U.  The  appearance  of  ue  flame,  which  should  be  a  yery  narrow  cone  of  a  pale  blue 
colour,  indicates  when  the  right  proportion  is  attained,  and  this  having  been  once 
determined,  the  position  of  the  stopcocks  may  be  marked,  so  as  to  ensure  the  right 
proportion  of  the  two  gases  in  all  future  experiments.  The  use  of  the  wire-gauze  or 
bundle  of  thin  wires  in  the  tube  A  is  to  supply  a  mass  of  good  conducting  material, 
which  shall  preyent  the  flame  firam  passing  backwards  through  that  tube  (see  Flamb). 
Tbe  heat  produced  by  the  oxyhydrc^n  flame  Ib  the  greatest  that  can  be  produced  by 
any  artificial  means,  except  by  the  electric  current.  Thick  platinum  wires  melt  in  it  like 
wax  in  the  flame  of  a  candle.  By  itself,  however,  it  giyes  but  little  light ;  but  any  non- 
volatile and  incombustible  solid  substance  held  in  it  becomes  intensely  luminous.  If 
the  point  of  the  flame  be  directed  on  the  rounded  edge  of  a  cylinder  df  quick  lime,  a 

fure  white  light  of  damling  brilliancy  is  produced,  inferior  only  to  the  electric  lig^t 
t  is  called  the  l>rumfnond  lights  and  has  been  used  for  lighthouses. 
BZiinit  WWLVmuUkM*    See  Ctamidbs  or  Ibon. 

BXiiniv  BAZOV*  The  best  Saxon  blue  colour  may  be  made  with  the  following 
iromposition  :  mix  one  ounce  of  the  best  powdered  indigo  with  four  ounces  of  sulphuric 
ftcid  in  a  glass  bottle  or  flask,  and  digest  it  for  an  hour  at  the  heat  of  boiling  water, 
shaking  the  mixture  at  different  times ;  then  add  12  ok.  of  water,  stir  the  whole  well, 
and  filter  when  cold.  Poemer  adds  1  oz.  of  good  dry  potash  at  the  end  of  twenty- 
four  houTB,  and  lets  this  stand  as  much  longer  before  oiluting  with  water.  The  doth 
should  be  prepared  with  alum  and  tartar. 

BOSBSfXTB.  A  mineral  related  to  allanite,  discovered  by  Kemdt  in  the  oli- 
Eoclase  between  Boden  and  Mauersbeig,  near  Marienberg  in  Saxony.  Found  only  in 
lU-defined  prisms  ^rhombic?]  of  110^  to  112^,  without  trace  of  cleavage.  Hardness 
5*5.  Specific  sravity  3*523.  Reddish  or  blackish-brown.  Streak  dirty  white.  Opaque 
with  vitreous  lustre.  When  stron^y  heated,  it  exhibits  incandescence  like  gadolimte. 
Firsible  only  on  the  acute  edges.  Decomposed  by  stronjr  hoHp.  Analvfn'fl  pave :  26*12 
mO«;  10-33  AlW;  12  04  FeO  ;  17*44  YO  ;  1046  CeO ;  7*66  LaO ;  1-61  MnO;  «-3J 
^aO ;  2  33  MgO ;  l'2l  K«0  ;  0  84  Na'O  ;  and  801  H«0  :  whence  may  be  deduced  ths 
ormula  6(3M"O.SiO')  -f  2AlH)*.SiO*,  the  water  being  regarded  as  basic  Associated 
A-ith  this  mineral  are  found  black  amorphous  grains  at  another  mineral,  Marornontite, 
rontainin^  the  same  elements,  but  not  exhibiting  incandescence  when  heated.  (Eer  ndt, 
r.  pr.  Ch<jm.  xliii  219,  228.) 

BOO-B U  TTBJi.  A  fatty  substance  found  in  the  peat-bogs  of  Ireland.  It  was 
\nt  examined  by  Luck  (Ann.  Ch.  Pharm.  liy.  125),  afterwards  more  exactly  by 
Brazier  (Chem.  Gaz.  [1852],  375).  It  is  yery  soluble  in  alcohol,  and  crystallises 
Tom  the  solution  in  a  network  of  slender  needles.  It  melts  at51^C.  (Luck),  the 
Tude  £ftt  at  45°,  but  after  repeated  crystallisation  from  alcohol  and  then  from  ether, 
it  52^  to  52'7°  (Br  az  i  e  r).  It  gives  off  the  odour  of  acrolein  when  heated.  By  saponi- 
ication  with  potash,  it  yields  an  add,  Butyrolimnodic  acid  (Bogbuttersaure),  to  which 
Luck  assrignea  the  improbable  formula  C^H^O* ;  but  according  to  Brazier,  this  add 
las  the  same  composition  as  palmitic  add,  C^IP'O*,  or  C'*H*'0',  and  melts  at  53°  C. 

BOCI-SBAB  <M>A&.    See  Coal. 


See  Ibok. 

BOBBXC  ACXB.  OW*0*  -  CrHH)«.H*.0<.~  An  acid  oceumng  in  small  quantity 
n  black  tea,  together  with  quercitannic  add  (Rochleder,  Ann.  Ch.  Pharm.  Ixiii. 
!02).  To  prepare  it,  a  decoction  of  black  tea  is  predpitated  at  the  boiling  heat  with 
cet-ate  of  lead ;  the  filtered  liquid  is  left  to  stand  K>r  twenty-four  hours,  and  again 
iltered  to  separate  a  small  sediment;  the  dear  solution  is  mixed  with  a  quantity  of 
immonia  sumdent  to  neutralise  the  add  reaction ;  the  yellow  predpitate  stirred  up 
rith  absolute  alcohol,  and  decomposed  by  sulphuretted  hydrogen ;  and  the  filtrate  1^ 
o  eyaporate  in  vacuo  oyer  oil  of  yitrioL  The  residue  is  dissolved  in  water,  and  the 
olution  is  left  to  eyaporate  in  vacuo,  then  dried  at  100°  C,  this  treatment  being  repeated 
hree  times,  and  the  residue  finally  left  for  three  weeks  in  yaicuo. 

The  add  when  pulverised  is  of  a  pale  yellow  colour,  like  querdtannic  add.  Melts 
t  100^  C  into  a  mass  which  draws  out  into  threads.  It  cakes  together  when  exposed 
0  the  air,  eyen  for  a  few  minutes,  and  deli<|nesces  very  qui<^y.  Colours  ferric 
ydrochlorate  brown,  without  predpitation.  Dissolyes  in  aU  proportions  in  water  and 
Q  alcohol 

By  dry  distillation,  it  yields  a  light  charcoal,  and  a  distillate  which  smells  of  acetio 
cid  and  blackens  iron  salts.  The  aqueous  and  alcoholie  solutions  decompose  when 
yaporated  in  contact  with  the  air.  Tne  add  is  dibasic,  the  formula  of  its  normal 
alta  being  CPBH)*M^,0\ 
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618  'BOLE— BOLETUS. 

The  harium-sdt,  CWBaTO^  •¥  H*0,  is  obtained  as  a  yellow  predpitats  by  nii 

the  solution  of  the  acid  in  aqneous  alcohol,  with  a  slight  excess  of  bantB-WAt'cr.  T^ 
normal  lead-salt,  C'H"Pb''0*  +  H"0,  is  obtained  by  mixing  the  alcoholic  suhtioa  of 
the  acid,  after  concentration  orer  potash  in  vacuo,  with  alcoholic  acetate  of  lead.  ir^}). 
ing  the  precipitate  with  alcohol,  and  drying  at  100"  C.  It  is  white,  with  a  tinpr  <.f 
grey.  A  basic  Uad-talt,  C'H"Pb"0*.Pb"0,  is  obtained  by  precipitating  the  a^iiNrfi, 
solution  of  the  acid  with  an  ammoniacal  solution  of  acetate  of  lead.  It  forms  ad  rn. 
yellow  precipitate.     (Rochleder.) 

BOZtAVa  IfOTtne.    See  Hbat. 

BOlbBi  A  massive  mineral,  having  a  perfectly  coneho'idal  fraeturp,  a  ^limin$>n):z 
internal  lustre,  and  a  shining  streak.  Its  colours  are  yellow-red,  and  brownuih-b  >Jl 
It  is  translucent  or  opaque ;  soft,  so  as  to  be  etisily  cut  and  to  yield  to  the  cail.  U 
adheres  to  the  tongue,  has  a  greasy  feel,  and  falls  to  pieces  in  water.  8pet?ific  ia^\{^ 
1*4  to  2.  It  may  be  polished.  If  it  be  immersed  in  water  aiter  it  is  dn«ti,  it  fiJa 
asunder  with  a  crackling  noise.  It  is  a  bydrated  silicate  of  aluminiom,  in  wlueii  Un 
aluminium  is  more  or  less  replaced  by  iron  (ferricum). 

The  following  are  analyses  of  bole : 

—  24-9  —     9*»-«   (WfukHirt<kr; 
_         2403aI01  (tt(Lo«ig) 

—  t4-n?B   99  14 
0*60        24*UU  SB    99-97  ( lelixm) 

—  25-86  =»  97  •8i(Kd!rim.-l»b«^p1 
—          O'gO"      2V«  —  9903(Tboni:tj     ' 

o,  from  Sasebiihl,  near  Gottingen ;  5,  from  Ettin^hausen ;  c,  from  Cap  de  Prudell?* ; 
d  from  the  Brechte  Berg  in  Silesia.  The  composition  of  these  specimens  aeree*  afir'v 
with  the  formuhi  4M'OV9SiO-.18H*0,  which,  by  substituting  m  =  iM.raavUrwirv 
to  m"H*Si*0"  +  4aq ;  e,  from  Stolpen  in  Sjixony,  is  represented  nearly  bj  the  f  rn:.!  j 
CA"0.2Al«0».4SiO»  +  4aq  =  (Cu"a/»=H*)Si*0»«  ♦  3aq;/,  from  the  Giant's  C«u^Tr,y 
in  Ireland,  is  nearly  M*0^3SiO*  + 6aq,  which  may  be  reduced  to  (m^H-iSiUv*}. 
All  these  are  formulae  of  orthosilicates.  (RamineUbcrg's  Miner alchemie,  578 ;  Dahs, 
iL  252.) 

BOlbOOXXAJr  STOVa.  licmery  reports  that  an  Itab'an  shoemakor,  nxrriNJ 
Vincenzo  Casciarolo,  first  discovered  the  phosphoric  property  of  the  BologniaT  <-■D^ 
It  is  the  ponderous  spar,  or  native  sulphate  of  baryta.  If  it  be  first  heated  to  ur  jt  u\ 
then  finely  powdered,  and  made  into  a  paste  with  mucilape,  and  this  past*,  diuij 
into  pieces  a  quarter  of  an  inch  thick,  and  dried  in  a  moderate  heat,  be  eip>fi  ^^ 
the  heat  of  a  wind  furnace,  by  placing  them  loose  in  the  midst  of  the  chanxJ,  \ 
pyrophorus  will  be  obtained,  which,  aft«r  a  few  minutes'  exposure  to  the  sun's  n\\ 
will  give  light  enough  in  the  dark  to  render  the  figures  on  ^e  dial-plate  of  a  \r&L!i 
visible.  U 

BOXiBTZO  ACZBa  The  name  given  by  Braconnot  to  the  acid  existing  in  2? V^r^;! 
pstudo-iffniarius,  since  shown  by  BoUey  and  Dessaignes  to  be  identical  with  ixau^nc 
acid. 

BO&BTIF8«  A  genus  of  mushroom,  of  which  several  species  have  been  9t:l'j«^tr<! 
to  chemical  examination  by  Braconnot  and  Bouillon  La  Grange  (Ann.  Ciiini.  lux. 
272) ;  and  more  recently  by  Bolley,(Aiin.Ch.  Pharm.  Ixxxvi.  44),  and  Dessaiiioos 
(Compt.  rend,  xxxvii.  780). 

The  chief  constituents  of  these  fungi  are  extractive  matter,  nitrogenotis  pnnr"pl'% 
the  so-called  fungin  {q.  v.\  sometimes  mannite,  perhaps  also  fermentable  snirar  ar,j 
certain  organic  acids,  called  fungic  and  boh  tic  acids  by  Braconnot,  but  prob;ibIj  c-s. 
sisting,  according  to  Dessaignes,  of  malic  or  fumaric  acid.  The  ash  contains  potf.; 
lime,  magnesia,  phosphoric  acid,  &c.  The  species  which  hare  been  examla-Hl  aft 
Boktit^  bomnm  (Creirs  Chem.  Ann.  1785,  p.  280),  B.  igniarius  (Ann.  Cinm,  li  7' 
B.  juglandis  {ibid.  IxxxviL  226),  B.  laricis  {ibid.  Ixxx.  272),  B,  stUphurms  acl  h. 
ffiscidus  (TrommsdorfiTs  N.  Joum.  ix.  240). 

Boli'tvs  laricis,  is  used  on  the  continent  in  medicine  under  the  name  of  aptiric.  It 
is  in  whit«,  light,  friable  piec^^s,  the  oiit«de  of  which  is  like  dark-coloured  lejirhtr.  Its 
taste,  at  first  sweetish,  soon  becomes  bitter  and  acrid.  Its  infhsioD  in  water  is  }-clloM-i£!j, 
sweet  ta8t«d,  and  reddens  vegetable  blues. 

Boletus  igniarius  is  found  in  most  countries,  and  particularly  in  the  HirlilAii^J 
of  Scotland,  on  the  trunks  of  old  ash  and  other  trees.  Th«  .French  and  German'!  pn'- 
pare  it  abundantly  for  making  tinder,  by  boiling  in  water,  drying  beating  it,  stc^^iiS 
It  in  a  solution  of  nitre,  and  again  drying  it.  In  France  it  is  called  amadou,  is  th< 
conntT}'  G(^?/um  tivd(T.  It  has  been  recommended  in  surgery  for  stopping  fl;mc^ 
zhage  from  wounds.     It  imparts  to  water  a  deep  brown  colour  and  an  asthagent  tA»U' 

*  Chloride  of  sodium. 


BOLORETIN  —  BONE. 
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BOlK^XSmr.  A  resin  of  earthj  aifp(H*t,  ibnnd  in  the  fbtsil  fir-wood  of  Baniflh 
pMi-bogs,  and  in  the  needles  iHliieh  £ill  from  the  growing  trees.  The  fresh  shoots 
contain  bat  little  of  it ;  but  it  increases  with  the  age  of  the  needles,  and  is  most  abun- 
dant in  aatnmn  and  winter.  It  is  nrepared  by  treating  with  boiling  alcohol  the  grey 
earthy  matter  fbnnd  in  hollow  fossu  fir-Stems,  and  precipitating  the  foreign  matters 
with  acetate  of  lead.  The  solution  on  coolinff  deposits  the  boloretin  as  an  earthy 
mass,  which  may  be  farther  purified  by  rt>peMed  solution  in  boiling  alcohol  with 
addition  of  hydrochloric  acid  to  precipitate  lead.  It  is  soluble  in  ether,  but  not  in 
cold  alcohol  Melts  at  76^ — 79^  C.  its  composition  is  yariable,  but  it  appears  always 
to  contain  the  elements  of  oil  of  turpentine  jdvs  water.  It  does  not,  howeyer,  yield 
oil  of  turpentine  when  treated  with  phosphoric  anhydride.  (Fore hammer,  Ann.  Ch. 
Pbarm.  xli  44.) 


A  tariety  of  olirin,  Mjg^iO*,  occurring  in  crystalline  granules, 
dit»emiDated  through  limestone  at  Bolton  in  Massachusetts.  Colour  ash-gi^y,  wax- 
yellow,  or  yellowish-white,  with  vitreous  lustre.  Streak  white.  Transparent  or  trans- 
lucent Specific  gravity  8008  (Silliman);  8-21  (Brush).  Hardness  in  unaltered 
8p<?cimen8  «■  6  or  rather  greater  TB rush).  Cleavage  distinct  in  one  direction.  In- 
fusible before  the  blowpipe;  slightly  attacked  by  hydrochloric  acid.  The  following 
analyses  agree  nearly  with  the  formula  Mg^SiO^  or  2MgO.SiO' :  abyJ.  L.Smith 
(Sill  Am.  J.  [2]  xviii.  872) ;  5  by  G.  J.  Brush  (iWrf.  xxvii.  896) : 
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•    • 
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42-82 

64-44 

1-47 

0-86 

trace 

0-76  -  100*48 

Analyses  by  B.  Silliman  (Sill.  Am.  J.  [2]  viii.  16)  and  v.  Hauer  (Eenngott's 
Uebersieht,  1864,  90)  gave  larger  amounts  of  silica  and  alumina,  and  less  magnesia; 
but  the  mineral  appears  to  have  been  but  imperfectly  decomposed. 

aOZilimi  A  highly  ferruginous  clay  from  Sinope  in  Asia  Minor,  containing,  ae- 
•oiding  to  Klaproth,  320  SiO»,  26*6  AlW,  2 10  Fe*0",  17  0  fl«0,  and  1-6  NaCl 

BOra.  (£.  V.  Bibra,  Chemische  Untenuchungen  fiber  die  Enochen  and  Zahne, 
&c.  Schweinfurt.  1844,  p.  1—268,  289—886;  E.  Fr^my,  Ann.  Ch.  Phys.  fS]  idvii. 
47—107;  also  Traits  de  Chimie,  par  Pelouze  et  Fr^my,  2nd  edition,  vl  261 ;  C.  J. 
Lehmann,  Physiological  Chemistry,  iii.  12,  and  GmeWs  Handbuch,  viii.  429.) — 
Botie-tissue  is  of  two  kinds,  compact  and  9pofngy.  The  long  tubular  bones  of  the 
extremities  are  formed  msinly  of  the  compact  tissue,  while  the  fiat  bones,  as  those  of 
the  skull  and  pelvis,  and  the  short  round  bones,  consist  of  an  external  compact  layer, 
enclosing  a  mass  of  the  more  porous  or  spongy  tissue.  The  outer  surface  of  bones  is 
covered  with  a  thin  membrane  (thep<rto«^<rum),  traversed  by  great  numbers  of  nerves 
«D<1  bloodvessels,  while  the  inner  surfaoes  of  their  cavities  and  channels  are  lined  with 
a  still  thinner  membrane.  These  tubes  and  cavities  contain  a  fatty  substance  called 
pinrrow.  The  substance  of  the  bone  itself  exhibits  a  laminated  structure,  the  indi- 
vitlual  layers  being  concentric  with  the  tubes  and  channds  containing  the  marrow. 
These  lasers  consist  of  an  amorphous  substance^  intersected  by  cavities,  from  which 
proceed  innumerable  intercommunicating  channels. 

The  true  bony  tissue,  distinguished  from  the  external  and  internal  membranes,  the 
marrow,  and  the  various  fiuids  contained  in  the  channels  and  cavities  above-mentioned, 
consists  essentially  of  an  organic  substance,  called  bone-cartilage^  or  ossein,  and  an  in- 
orgiinic  substance,  composed  mainly  of  tridasic  pho>^hate  ofcaJcium,  Ca*PK)*,  together 
with  smaller  quantities  of  phosphate  of  magnesium.  Mg'''P-()',  cnrttomitf  of  cidciam^  Aud 
jluoride  of  calcium. 

If  a  bone  be  incinerated  without  previously  reducing  it  to  powder,  and  washing  out 
the  blood  and  other  extraneous  fluids  contained  in  its  cavities,  the  ash  will  likewise 
contain  small  quantities  of  alkaline  sulphates^  carbonates,  and  chlorides,  and  of  tnm, 
but  these  are  derived  fr^m  the  liquids  just  mentioned,  and  do  not  properly  belong  to 
the  bone  itsell 

The  bone-cartila^  or  ossein  may  be  separated  from  the  earthy  matter  by  macerating 
a  bone  for  some  time  in  dilute  hydrochloric  acid.  The  calcium-salts  then  gradually 
dissolve,  the  mass  becomes  translucent  and  soft,  and  idtimatelv  the  cartilage  is  left 
free  from  mineral  matter,  and  retaining  the  form  of  the  bone.  By  boiling  in  water,  it 
is  converted  into  gelatin  and  dissolves,  forming  a  solution  clouded  by  suspended  fat 
ftnd  vaseular  tissue,  and  solidifying  in  a  jelly  on  cooling.  When  freed  frY>m  these  ex- 
traneous matten  by  digestion  in  dcohol  and  in  ether,  it  is  foulid  to  have  the  saoM 
proportional  constitution  as  gelatin,  as  may  be  seen  from  the  following  table,  in  which 
the  composition  of  bone-cartilage  from  various  sources  is  compared  with  that  of  pore 
gelatin  (isinglastt). 
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Weman,  20  jean: 

Femnr,  tibia,  flbola,  ulna, 
oa  ocdpilia 


fiB-SS 
JSS-S8 
A2-S2 

i9-30 
49-71 


B9-2S 
6T'fil 

ai-«7 

Sl-43 
61-48 
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Jfan,  between  26  and  SO  711. 
Famnr,  tibia,  hnmenu, 


JVoK,  SS  yean : 
Femnc,  denH  portioD 
„       11)01187  portion 


aa  nsolte  it  appeal* :  1.  That  the  pnpoition  of  inarnnic  matter  in  b( 
.  youth  than  in  age,  although  no  regular  gradation  can  be  obaerred.  2.  1 
of  iDorgiiniD  matter  ia  greater  in  compact  than  in  spong;  booe-tiui 

in  the  bonea  of  the  eztrenutiei  than  in  thoae  of  the  trook ;  grealeot  of 
i-bone.  It  appears,  indeed,  to  be  greateet  in  thoae  bone*  which  an  m 
BVe  to  bear  the  greateet  etrain  ;  Ihia  obaenation  ii  corroborated  b;  1 

of  the  bonea  of  birda  (aee  below). 

not  Olden  of  mammiferoua  animals  do  not  exhibit  anjeaienlial  diff^ien 
>rtioni  of  inorganic  matter  in  their  bonea,  the  limita  being  U  and  75 

bone*  of  birda  contain  on  the  average  a  larger  proportion  of  inorgi 
1  thoae  of  wummjU,  Tia.  SS-6  to  7A'S  per  cent. ;  thoee  of  reptiles  rat 
I  tSi  per  sent.    The  bones  of  tlshea  exhibit  great  Tsrietj  in  the  pioporl 

matter  which  the;  eootain.  t.  g.  Bonjr  fiihes:  ed  £162  per  ceat ;  > 
RUn  64'37  :  percA  S9'40  per  cenL  Cartilaglnoiu  fl«hes :  Start  4S  82 
my  1  '66  per  cent. 

retialts  agree  for  the  moat  part  with  those  of  t.  Bibra,  excepting  in 
a{  organic  and  inorganic  nutter  in  bonea  of  different  ages,  which,  accord 


lo  not  exhibit  in  this  respect  anv  u 

» jield  the  same  qnantit;  of  ash  al  ,  „  ■ 

nj  particles  that  make  their  appearance  in  the  midat  of  tbe  cartilagin 


M  that  of  a 


n  97  jeare  of  age,  1 


qiuntitT  ol 

make  theii 

the  fatal  pncedea  the  fornution  of  true  bone,  were  fiiand  t 

umtilf  of  minwal  matter  as  the  bone  of  aa  adolt  animal  (see  table,  p,  6' 

r  biittleness  of  the  bone*  in  a^  is  attributed  b;  Frimv  to  the  incresM 

ion  of  the  spoDKf  tissue,  the  thickness  of  the  hard  and  dense  portion  of 

tnslj'eei  of  the  bonn  of  animals  belonging  to  diSerent  orden  show 
with  those  of  T.  Bibra,  that  the  bones  of  mammifet*  exhibit  the  at 
npositjon  ss  those  of  nan,  the  bone*  of  herbivorou*  qaadrapeds,  howe' 
anlaining  a  larger  proportion  of  lime-ealtd  than  thoee  of  flesh-ealani.  ' 
rda  have  near);  the  sams  proportion  of  lime-salts  as  those  of  herbiror 
md  those  of  reptile*  nearl;  the  same  as  those  of  camiTorooa  mamm 
of  B^ie*  exhibit  great  divenit;  of  compoeition.  those  of  bony  fiahea  be 
like  thoae  of  manmif^  whereas  those  of  eaitilaginons  flohe*  are  rich 
Iter,  and  contain  bat  a  small  proportion  of  mineral  salts. 
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67-8 

1-7 
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la 
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04  0 
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03-0 

Uenet 

70-2 

Bitch ;  femur  .... 

02-1 

69-0 

i-i 

Young  lionew ;  femor      . 

04-7 

60-0 

1-6 

Panthec;  femnr      . 

06-8 

Morse 

031 

63-9 

1» 
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l-l 

Indian  ^hut       . 
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62-3 

1-3 
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60-0 

3-3 

Hone;  femur         .        .        . 

70-4 

Caii;  still-bom ;  spongy  part  of  femni 

01-5 
04-4 

00-fi 
69-4 

1-a 

1-7 

"    5  months;  famm;    ."      .      ". 

oa-1 

61-2 

1-2 

Cow,  ftaU  grown      „ 

70-7 

„     old                 „        . 

711 

71-3 

626 

a-7 

Ox;  hnmenu.        .        . 

70-4 
70-2 

61-4 
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1-7 
1-7 

b'iIU;  famnr    '.       '.       '. 

09-3 

«9-8 
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Lamb;   „       .        .        . 

67-7 

60-7 

l-« 

Sheep;    „       .        .        . 
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oa-9 

1-S 

Goat;     „        .        .        . 

08-0 

18-S 

1-3 

Cachalot^       .        .        . 

02-9 

61-9 
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Whale;  spongy  part       . 
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vXro   '.'.'.'. 

70-6 
OB-2 

«-« 

1-7 

Owl  (Qrand  Ihike)  .        . 

71-3 

61-6 
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Ostrich;  dense  part 

70-0 

„        spongy  part       . 

07-0 

Bastard  .... 

711 

Chicken  .... 

OS-3 

«4-4 

I-l 

ToAey              ,         .         . 

0I-7 

63-B 

!•» 

PartridgB 

70-7 

6«-4 

Heron     .... 

70-0 

OH 

!•• 

Thruah    .... 

004 

BW 

Humming  bird ;  bmisa  of  h«ad 

M-0 

„      limh 

»0 

BONE. 
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ofBon*. 


Teal  .... 

Turtle;  car^>aee     . 

Land  tortoise ;  carapace  . 

Crocodile ;  catanaou  l)ona 

Crocodile 

iSerpent   . 

Cod 

Barbel     . 


Sole  .         , 

Stiad 

Carp 

I'ike 

Eel 

Tt'trodon  ;  maxillary  with  teeth 

iJiodon ;  apine  of  the  skin 

Sliark       ..... 

liay;  cartilage 

„       scales    .... 
Lamprey  ;  head  with  teeth 


Aakper 

MM. 


73-6 
64-3 
640 
64*6 
64-0 
67-6 
61*8 
60-2 
540 
60- 
61-4 
66-9 
670 
760 
68-8 
62-6 
300 
663 
2-2 


Phot- 

£  hate  of 
ilcium. 


Phot- 

phateof 

Mag. 

nctium. 


68-4 
680 
660 
68-3 
68-3 

661 


681 
64*2 
661 


27-7 
64-4 


1-8 
1-2 
1-2 
trace 
0-6 

1-3 


11 
1-2 

trace 


trace 
trace 


rbonate^ 


Carl 
CalciuB. 


6-6 

10-7 
97 

7-7 
70 


4-7 

4-7 
2-2 


4*3 
1-3 


Diseased  Bones.  —  Bones  are  subject  to  seTenl  diseasM,  in  nearly  all  of  which 
the  prof>ori.ion  of  inorganic  matter  is  found  to  diminish.     In  caries,  the  calcareous  por- 
tion of  the  bone  is  destroyed,  without  alteration  of  the  cartilage,  the  latter  still  vield- 
inii   gelatin   when  boiled  with  water.     In   a  canons  femur,   v.  Bibra  found  the 
proportion  of  inorganic  salts  reduced  to  38*3  per  cent,  and  in  a  portion  of  astragalus, 
taken  from  the  centre  of  the  caries,  it  was  only  18*6  per  cent — In  osteomalacia  and 
rachitis,  the  proportion  of  mineral  matter  sometimes  diminishes  to  such  an  extent,  that 
the  bones  bend  under  the  weight  of  the  body.     Marchand  found  in  the  femur  of  a 
rachitic  child  72*20  per  cent  cartilage,  7*20  fat,  14*78  phosphate  of  calcium,  3*0  car- 
l»onate  of  calcium,  0*80  phosphate  of  magnesium,  and  2*02  sulphate  of  calcium,  chloride 
of  sodium,  iron  (and  loss).     In  the  oste&maJacia  of  adults,  the  tribasic  phosphate  of 
calcium  is  converted  into  |-phosphate,  8Ca*0.3P*0*  (Weber),  and  the  bones  sometimes 
contain  a  free  acid.     In  thu  disease,  and  in  the  rachitis  of  children,  the  cartilage  is 
frequently  altered  in  character,  so  that  it  no  longer  yields  gelatin  when  boiled  with 
water.     Exostosis  is  the  formation  of  osseous  tumours  on  the  surface  of  bones ;  these 
tumours  likewise  contain  an  excess  of  cartilage.     Sclerosis  is  the  formation  of  cartilage, 
and  ultimately  of  true  bony  tissue  within  the  medullary  cavities  and  canals  of  the 
bones,  which  thus  become  denser  and  almost  like  ivory.     Here  also  the  organic  matter 
is  generally  in  excess,  and  the  carbonate  of  calcium  is  increased  in  proportion  to  the 
phosphate.     In  ostct/porosiSf  which  is  a  dilatation  of  the  medullary  cavities,  &c.,  either 
from  the  excessive  development  of  the  medulla,  or  from  the  solvent  action  of  fluids 
infused  into  the  cavities,  the  mineral  matter  is  also  found  to  disappear  more  quickly 
than  the  organic  matter. 

Fossil  Bones.  —  When  a  bone  is  exposed  to  the  air  or  buried  in  the  earth,  the 
organic  tissue  gradually  disappears,  while  the  calcareous  salts  remain.  In  buried 
bones,  tho  tissue  likewise  becomes  incrusted  with  various  substances  derived  from  the 
surrounding  soil,  so  that  fossil  bones  often  contain  considerable  quantities  of  carbonate, 
sulphate,  and  fluoride  of  calcium,  silica,  &c.,  according  to  the  nature  of  the  formation 
in  which  they  are  embedded.  The  proportion  of  carbonate  of  calcium  sometimes 
amounts  to  67  per  cent  The  silica  is  in  the  form  of  quartz,  that  is,  in  the  modifica- 
tion which  is  insoluble  in  acids  and  in  dilute  alkalis.  In  some  cases,  the  proportion 
of  tricalcic  phosphate  remfiins  nearly  the  same  as  in  the  original  bone,  whereas  in 
others  it  is  greatly  diminished  The  pn>portion  of  phosphate  of  magnesium  does  not 
vary  ereatly ;  it  diminishes,  however,  to  a  certain  extent  when  the  phosphate  of  cal- 
cium 18  replaced  by  carbonate  of  calcium  or  by  siliceous  compounds.  Many  fossil 
I'one^  still  retain  a  portion  of  theii*  cartilage,  Which  U  fometimes  alio  oonvertod  into 
true  gelatin. 


v 


•■ 


I  f' 


i' 


i 

I' 


!■}■•' 


L' 


! 


i 


'f    If 

>    •  < 

i    '  I 


»    1 


n 


I 


» 


> ' 


; 


'    I 


I.  ;i 


> 


'It. 


024 


BONE-BLACK. 


AnahfHB  of  VariouB  FouU  boma,  (Prhnj.) 

Alb 

Pbotphate  Carbonate 
of              of 

Fluoride  of  ^5*1 

per  cent. 

Calcium. 

Blagnedom. 

Caldan. 

Caickn. 

«mi^BVcr« 

Oz,  from  th«  eavM  of  Orttton ; 

neuunal  boin.nteroal  por- 

tion   having   the  Mpoot    of 

wood 

•(►74 

7M 

1*8 

11-8 

IM 

Intmnal  portloo  of  the  cane. 

very  friable       •       •       •       • 

Mh6 

71-8 

1*7 

11*8 

n-o 

Spongy  portion  of  the  same 
Rhloocerna,  from  Sanun  (  Gen); 

84-S 

68-8 

1*8 

4-8 

IM 

•i» 

TertebnB    •       •       •       •       • 

81*4 

l»*0 

41*8 

S« 

towe 

Ribe  of  the  Mme. 

»l 

66-8 

ars 

1^ 

trace 

Hyena,  from  the  cavet  of  Kirk- 

daloi  lonffb<#oe 

7trb 

791> 

1-a 

4-7 

ShO 

Rhinoeerot ;  dorial  vertebra     . 

mri 

9^7 

0*4 

Kftt 

8-& 

„       „     horaerui. 

780 

»i 

0-4 

64-0 

6-4 

„       ,,     terth        .       • 

90*4 

6fl>8 

07 

18-8 

14-6 

Maftodon;  tutk  .... 

90'4 

56*5 

on 

18*1 

84-1 

Bear ;  denie  part  of  bones  . 

83  9 

K-7 

0*4 

ss'e 

»-• 

Anoplotbenum ;    caudal     ver- 

78-7 

»l 

1*S 

87-8 

14-0 

tebra         

84*0 

58*1 

(hi 

20-4 

19-4 

Tortoise;  vertebra    • 

87-0 

61*1 

(►7 

10*6 

1»« 

BOIHB-mi  ft  try     Animal  hlaok^  Animal  eharcoal,  BHntchwarM,  —  A  prodnet  ob- 

tained  by  heating  bones  to  rednesB  in  dose  TenBelfl.  Lam  quantities  of  stinkiii^  gaa, 
empyreumatie  oil,  and  yolatile  allcaloYds,  are  then  evolvei  and  there  remains  a  bL»rk 
mass  consisting  of  an  intimate  mixtore  of  charcoal  containing  nitrogen,  with.  th» 
mineral  matter  of  the  bone,  chiefly  phosphate  and  carbonate  of  «^lwnin,  Jt  poaeoseiu 
the  power  of  abstracting  man^  solia  substances  from  their  solutions,  and  ia  naed  on  a 
reiy  large  scale  aa  a  decolorising  agent  in  the  refining  of  sugar.  That  it  may  powec^ 
this  proper^  in  the  highest  degree,  the  preparation  must  be  so  conducted  aa  to  leave 
the  largest  possible  quantity  of  carbon  in  Uie  product,  and  at  the  same  time  to  render 
it  reiy  porous.  The  air  must  therefbre  be  careAiUy  excluded  during  the  ignition,  and 
the  heat  must  be  regulated  so  aa  not  to  cause  the  mass  to  cake  together  or  becc«}« 
agglutinated  by  the  fusion  of  organic  substances.  The  bones  should  be  freah ;  thoee 
^niich  hare  lost  much  of  their  organic  matter  by  putrefiEustion,  either  in  the  air  or 
underground,  do  not  yield  a  sufficient  quantity  of  charooaL  They  should  be  ooaraetj 
oommmuted  and  boiled  to  free  them  from  fat,  which  would  melt  and  yield  «  yery  ooa* 
pact  charooaL 

The  yield  of  bone-black  Taries  from  30  to  60  per  cent,  acoordinff  to  the  oompoaitioB 
of  the  bones.  The  long  cylindrical  bones  of  the  extremitiefl  are  best  <M^ftptH  far  the 
purpose ;  they  yield  about  60  per  cent  of  bone-black,  containing  1  to  1 J  carbon  to 
9  pts.  phosphate  of  calcium.  Ribs,  skuUs,  and  yertebrae  yield  a  smaller  qnantitj. 
and  not  of  good  quality:  hence  it  is  better  to  use  them  for  the  pr^iaratMii  \i 
gelatin. 

The  carbonisation  of  bones  is  performed  either  in  iron  cylindeia,  like  those  need  in 
th.e  distillation  of  coal,  or  in  coyered  pots  of  cast-iron  or  crucible-ware,  heated  ia  a 
reyerberatory  frimace;  the  latter  method  yields  the  best  charcoal,  bat  the  former  i« 
adopted  when  it  is  desired  to  collect  the  yolatile  products  which  are  giyen  off.  (S«« 
BoHB-OiL.)  (For  details  and  figures  of  machinery,  see  Urt^»  Dietianary  0/  Art*, 
Manufactures,  and  Mines,  I  369;  Muspratfs  Chemistry,  L  316;  Handwortetiuck  d. 
Ckem.  2^  Aufl.  ii.  767). 

Bone-black  is  eztensiyely  used  both  as  a  decolorising  and  deodorising  agent :  it 
likewise  remoyes  lime  and  its  salts  from  their  aqueous  solutions,  and  is  acooirdinzlj 
used  for  the  purification  of  highly  calcareous  waters.  In  the  refining  of  sa^psr.  it 
seryes  to  fr«e  the  syrup  both  £rom  colouring  matter  and  from  lime!  U  decompoMs 
many  metallic  salts,  sometimes  absorbing  the  oxides  or  metallic  adda,  sometima 
reducing  theuL  It  abstracts  iodine,  not  only  from  solution,  but  eyen  from  its  salts. 
It  likewise  remoyes  bitter  principles  and  organic  alkaloids  f^m  their  solutions,  sad 
has  been  recommended  as  an  antidote  in  case  of  poisoning  by  such  substances. 

Bone-black  which  has  been  used  for  remoying  colouring  matter  and  Ume  frma 
syiup  or  other  liquids,  may  be  rsviv^fSed,  that  is,  restored  to  its  original  state,  by  the 
following  processes :  —  1.  Treating  it  with  acids  to  remoye  the  Ume. — 2.  Leayins  it  to 
ferment  or  putrefy,  in  order  to  render  soluble  the  organic  substances  which  it  has 
absorbed. — 3.  Washing.  — 4.  Ignition.    (For  details,  see  the  works  aboye  dtad.) 

Bone-blaek  is  sometimes  usea  as  a  pigment;  for  whiefa  yuyutt  it  is  made  into  a 
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i«ate  with  water  A&d  finelj  pulverised  in  a  colour-mill.    The  finest  pigment  of  this 
kind  is  ivoiy-^dack,  which  is  obtained  by  the  carbonisation  of  ijorj. 

Lastly  bone-black  is  used  as  a  manore,  espedallj  for  cereal  crops,  being  well  adapted 
for  this  parposa,botli  bj  the  phosphoric  acid  and  the  nitzt)gen  which  it  contains.  It  is 
chiefly  efficacious  on  soils  which  still  retain  a  considerable  quantity  of  decayed  vege* 
table  matter. 

BOVB-OXXto  DippeFs  ail.  Animal  oil^  Oleum  animaU  Dipfelii. — This  oil  isobtained 
in  large  quantity  in  the  preparation  of  bone-black,  by  igniting  charcoal  in  cylinders 
Simikr  products  are  obtained  by  the  dry  distillation  of  other  animal  substances.  The 
original  Ihjypert  oil  known  in  Pharmacy  was  produced  from  stag's  horn ;  but  all  the 
animal  oil  now  met  with  in  commerce,  is  obtained  from  bones  in  the  manner  abore- 
iiientioned.  It  has  been  made  the  subject  of  a  series  of  elaborate  iuvestiffations  by 
1  'rofessor  Anderson  of  Glasgow.  (Transactions  of  the  Boyal  Society  of  £linburg)i, 
xvi.  4 :  XX.  Part  IL  247 ;  xxi.  Part  L  219,  and  Part  IV.  671.  Ann.  Ch.  Pharm.  Ixx. 
32 ;  Ixxx.  44  ;  xcir.  368 ;  cr.  336.  Jahreeber.  f.  Chem.  1847-8,  p.  661 ;  1861,  p. 
4  75  :  1854,  p.  488 ;  1867,  P.  392.) 

Bone-oil  la  mainly  a  proaact  of  the  decomposition  of  gelatinous  tissue,  inasmuch  as 
t  ho  bones  used  for  Uie  preparation  of  animal  charcoal  are  boiled,  before  ignition,  with 
at  laiige  quantity  of  water,  to  deprive  them  of  their  fat  (p.  624).  The  crude  oil  is 
f lark  l.rowD  or  nearly  black,  and  has  a  specific  gravity  of  0*970.  It  consists  chiefiy  ol 
a  mixture  of  volatile  organic  bases,  together  with  smaller  quantities  of  acids  and 
Deutral  hydrocarbons. 

On  Euljccting  alaige  quantity  of  the  crude  oil  to  fractional  distillation,  the  first  f  ol 
the  distillate  consists  of  about  equal  parts  of  a  yellow  oil  and  a  watery  liquid  hole 
in  solution  sulphide,  cyanide,  and  carbonate  of  ammonium,  together  with  smi 
quantities  of  very  volatile  organic  bases.  On  supersaturating  this  watery  liquid  with 
bulphuric  acid,  boiling  for  a  while,  then  distilling  with  slaked  lime,  and  immersing 
sticks  of  potash  in  the  watezy  distillate,  ammonia  is  given  off  with  brisk  effervescence, 
and  a  small  quantity  of  oily  bases  separates  on  the  surface  of  the  potash-solution. 

The  remaining  }  of  the  distillate  consists  of  oily  bases  of  various  degrees  of  volatility. 
Go  mixing  them  (together  with  the  small  portion  of  oily  bases  separated  from  the 
u-ateiy  liquid  just  mentioned)  with  excess  of  dilute  sulphuric  acid,  setting  the  mixture 
u^ide  for  some  days,  and  frequently  shaking  it,  then  separating  the  stron^y  acid  liquid 
trom  the  portion  of  oil  still  unacted  on,  and  boiling  it  for  some  time  in  a  still,  an  uka- 
line  liquia  passes  over  containing /)yrrAo/,  C*H^N,  a  weak  base  first  noticed  by  Runge 
( I'ogg.  Ann.  xxxi  66)  in  bone-oil  and  in  coal-tar,  and  distinguished  by  the  property  of 
importing  a  deep  purple-red  colour  to  fir  wood  moistened  with  hydrochloric  acid. 

The  remaining  acid  liquid,  after  cooling,  is  mixed  with  excess  of  slaked  lime  and 
dintilied,  and  the  distillate  is  treated  with  solid  caustic  potash,  which  separates  a 
r|uantity  of  oily  bases,  while  the  watery  liquid  retains  in  solution  ammonta  andflwM^- 
'i(>/4in^,  which  are  given  off  on  simply  distilling  the  liquid,  and  may  be  condensed  in 
dilute  hydrochloric  acid. 

On  submitting  to  fractional  distillation  the  mixture  of  oily  bases  separated  by  the 
f>otush,  a  number  of  bases  are  obtained  from  66^^  to  100^  C.  belonging  to  the  series 
C-n-*«N,  viz.  ethylamiue  CH'N,  tritylamine  C«H»N,  tetryhunine  C*H"N,  and  amv- 
lamine  C^H'*H ;  and  above  116°  C.  another  series  of  bases  are  given  off  belonging  to  the 
series  C"H'"— *N,  and  isomeric  with  phenylamine  and  its  homolognet,  vis. : 

Pyridine,  C*H»N,  boiling  at  liej**  C. 
Picoline,  OH'N,       „       „  135 
Lutidine,  C'H'N,       „       „  154 -5 
CoUidine,  C«H"N,     „       „  180 

*rhc  non-bu8ic  portion  of  bone-oil  yields  by  repeated  rectification,  a  liouid  boiling  at 
55'5^  C,  which,  when  exposed  to  a  freezing  mixture,  separates  into  two  distinct  layers. 
The  portions  boiling  at  a  higher  temperature  do  not  exhibit  this  property.  They  con- 
tain benzenf.  and  probably  also  homologues  thereof,  also  alcohol-radicUs,  and  nitrO' 
^tmous  compounds  which  are  decomposed  by  sodium. 

A  variety  of  hydrous  dichroite  (ii.  422). 

Borazitc.  Borate  of  Mftfimsia. — A  mineral  occurring  in  oystals 
mbedded  in  gypsum  and  anhydrite  nt  Liineberg  in  Hanover,  Segeberg  in  Hol- 
^fein,  and  Luneville,  La  Heurthe,  in  France.  The  cnrstals  are  monometric;  cubes, 
rhomboidal  dodecahedrons  or  tetrahedrons,  generally  hemihedral  combinations  with 
a  great  number  of  faces.  Cleavage  octahedral  in  traces.  Specific  myity  «»  2*974. 
Hardness  »  7.  Lustre  vitreous,  inclining  to  adamantine.  Colour  white,  inclining  to 
p:rey,  yellow,  and  gi-ren.  Streak  white.  Subtransparent  to  subtranslucent  Fracture 
lonchoidaJ,  uneven.     Pyro-electric,  even  when  massive.    (Dana,  ii.  393.) 

lioracite  waa  formerly  regarded  a*  a  borate  of  magnesium,  3Mg"0.BW,  containing  « 
Vol..  L  S  S 
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small  qvantitj  of  iron ;  but  recent  anAljses  have  shown  that  it  likewise  eontaixu  ehloriae. 
The  mean  results  are  as  follows : 


MgO 

FeO 

BW 

CI 

BK> 

30-67 

1-62 

6266 

796 

0-75  (Potyka.) 

30-48 

1-38 

— 

8-50 

—  (Siewert  and  Geipt) 

If  now  the  ferrous  oxide  be  reckoned  as  magnesia  (FeO  :  MgO  s  72  :  40)  thrse 
analyses  give  respecti?ely  31-57  and  31*25  magnesia;  and  the  results  agiM  nfmit 
with  the  farmuk  Mg''Cl='.2(3Mg"0.4B-0>),  which  requires  31-35  per  cent,  il/o' 
62-60  BK)*,  and  7'94  CL    (Kammelsberg's  Mineralchemie,  p.  264.) 

Acid  borate  of  sodium.    See  Borates,  under  Bobow,  Oxn^a  op(p.64r'i 

Compounds  of  boron  with  metals.    See  BoaoK. 

L  Valerene.  C'«H'*.— A  liquid  hydrocarbon,  isomeric  with  oil  rf 
turpentine,  secreted  hj  ike  Dryabalanops  camphora^  and  holding  in  solution  as..L.i 
substance,  bomeol,  or  camphor  of  Borneo.  It  is  also  obtained  from  essential  oil  of 
Talerian,  by  submittijig  that  oil  to  fractional  distillation,  and  heating  the  first  p<>r*t.^'.« 
of  the  distillate  with  hydrate  of  potassium,  which  takes  up  valerol,  while  bom^i- 
passes  as  a  distillate.  Solid  Bomean  camphor  distilled  with  phoHphoric  anh^orlJ 
also  yields  a  Hquid  hydrocarbon  having  the  comooeition  C'*H'*.   (See  Valxriak,  On  or  \ 

Bomeene  is  lighter  than  water,  almost  insoluble  in  that  liquid,  and  smells  likf  oil 
of  turpentine.  It  turns  the  plane  of  polarisation  of  a  luminous  ray  to  the  leit.  but  l^^ 
strongly  than  oil  of  turpentine.  The  product  obtained  from  oil  of  valerian  boil*  j 
160°  C,  that  from  Borneo  camphor  at  165^.  Vapour-density  4*60.  It  aJworbs  hr.  ,rv^. 
chloric  acid  gas,  forming  a  cywtalline  compound.  It  appears  to  oxidise  when  Uf\  ts 
badly  closed  vessels,  and  when  immersed  in  water,  especially  in  presence  of  alkali.^  » 
appears  to  be  converted  into  bomeol  (Gerhardt,  Trait^  m.  628,  641).  ^^. » 
Dbtabalakops.) 

Bomeene  from  Madder  Fusel-oil.— The  fusel-oil  contained  in  the  alcohol  prolix -J 
by  the  distillation  of  maddej-sugar,  yields  liquid  products  when  distiUed  at  t<?mt>r  • 
turee  rising  to  230°  C,  while  at  higher  temperatures  lavo-rotatory  bomeol  wibl^m- 
The  former,  by  digestion  with  caustic  potash,  then  with  chloride  of  caldum.  and  ppl-^-h -.- 
fractional  distillation,  yields  a  liquid  which  boils  at  160**  O.,  contains  88 -23  per  ts^'-t 
carbon  and  11-81  hydrogen,  has  a  vapour-density  «  4*86,  and  is  theref<MtJ  pi^l^K.^ 
bomeene.  Lsevo-rotatory  bomeol  (vid.  inf.yddstUled  with  phosphoric  anhydride  t^:^ 
yields  a  liquid  which  appears  to  be  bomeeneu    (Jeanj  ean,  Ann.  Ch.  Phenn.  eL  5*4.  < 

■OMraO*.    Bomeol  Alcohol^    Solid  Camphor  of  Borneo,     C'*H?H). This  s^il  - 

stance  is  extracted  fix)m  the  Dryabalanopa  camphora,  being  found  in  cavities  in  t'lt* 
trunks  of  old  trees.  It  is  also  found  in  small  quantity  in  moist  oil  of  valerian,  Wi-uj 
probably  formed  by  hydration  of  bomeene. 

According  to  Pierlot  (Ann.  Ch.  Phys.  ix.  291)  the  crystals  found  in  ofl  of  vaUHaii 
are  not  bomeol,  but  valerian-camphor,  C"H*. 

Bomeol  is  produced  artificially  by  heating  common  camphor  with  alcoholic  pcttsh, 
its  formation  being  attended,  either  with  evolution  of  oxygen : 

C^H**©  +  H»0  =  C'H'K)  +  O ; 
Camphor.  Borneol. 

or  with  simultaneous  production  of  camphic  acid : 

2C'»ffK)  ■»-  H*0  =  C»»HW0  +  C»«H»«0«. 
CAinpbor.  Borneol.      Campblc  acid. 

The  action  takes  place  slowly  at  100°  C,  more  quickly  at  higher  t4!mperatizra  in  aeajcj 
tubes.    (Berthelot,  Ann.  Ch.  Phys.  [3]  Ivi  78.)   *'       ^  tr^     u^^  m  »«.«m 

Bomeol  forms  small  transparent,  colourless,  venr  friable  crystals  or  cpystalline  ti?. 
ments,  having  an  odour  like  that  of  common  camphor  and  of  pepper,  and  a  hot  biimine 
taste.  The  oystals  appear  to  be  regukr  six-sided  prisms  belonging  to  the  hexwr-n  I 
system.  Their  alcoholic  solution  possesses  dextro-rotatory  power,  like  that  of  cottuu  'c 
camphor.  Dextro-rotatory  power  of  natural  bomeol  «  3340  (Biot)  of  th<?.  jtn^i 
cial  =  44-90.  Bomeol  is  lighter  than  water,  and  insoluble  in  that  Hqui^i  but  v,^- 
soluble  in  alcohol  and  ether.  Melts  at  198°  C,  and  boils  at  212®  diatiiliuir  w.t*'. 
out  alteration.     Gently  heated  with  phosphoric  anhydride,  it  j-ields  bomeene   C'*li » 

5±!lr^w-^'?  'S^l?^^  ^*.?^f  ^ff^''  ^^  "  converted  into  common  f^vh..- 
C»H>«0.  With  hydrochloric  acid  it  unites  without  liquefying;  the  compound  i»  d- 
stroyed  by  heat. 

«  ^*w'Jif"^r^  Borneol.-ThiB  substance,  which  is  isomeric  with  ordinary  U  r. 
neol  but  differs  from  It  in  possessing  equal  but  opposite  rotatory  power,  is  found  ir.  V.. 
slcohol  produced  by  the  fermentation  of  madder-svgar,  and  is  obtained  by  eoUe^^ti^^ 
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he  laminflD  which  crysUUifle  out  on  standine,  or  daring  fractional  distillation.  It  forma 
!r>'»talline  laminae,  or  a  white  powder  ameUing  like  pepper  and  common  camphor.  It 
li»i»olve8  spuringly  in  water,  and  when  thrown  on  tne  larface  of  water,  spins  like 
ommon  camphor.  It  dissolves  easily  in  acetic  acid,  alcohol,  and  ether.  Boiling 
litric  acid  conrerts  it  into  IsTO-rotatory  camphor.  Distilled  with  phosphoric  anhy- 
Iride  or  chloride  of  zinc,  it  yields  a  hydrocarbon  resembling  oil  of  lemon  or  bergamot 
Jeanjean,  Ann.  Ch.  Pharm.  d.  94.) 

aOJMrZTB.    8yn.  with  Ebubbsoitb  and  with  Tbtraotiotb. 

Native  borate  of  calcium  (p.  643). 


Atonde  Weight  11.  Symbol  B.— This  element  occurs  in  nature  as  boric 
r  boracic  acidy  and  in  a  few  minerals,  viz.  native  borax  or  tinealt  boracite,  hydro- 
oracite^  datoUte^  and  botryolite,  and  in  small  quantities  in  tehorl^  apyrite^  oximtB^ 
nd  rhodirite.  It  never  occurs  in  the  free  state.  Homberg,  in  1702,  first  obtained 
KMrie  acid  from  borax,  and  anhydrous  boric  acid  was  decomposed  by  Gfay-Lussac  and 
rh^nard  in  1808,  and  immediately  afterwards,  bv  Sir  H.  Davy,  into  oxygen  and  boron. 
Boron  may  be  obtained  in  three  different  states,  viz.  amorphouSf  yr^MUmUU,  and 
idamantiiM,    (Wohler  and  Deville,  Ann.  Ch.  Phys.  [3]  lii.  68.) 

1.  Amorphous  Boron. — This  is  the  form  in  which  boron  was  first  obtained. 
>aj-Lussac  and  Th^nard  prepared  it  by  igniting  boric  anhydride  (vitrefied  boric  acid) 
n  a  tube  with  an  equal  weight  of  potassium  in  small  pieces,  then  boiling  the  fused 
nass  witii  very  dilute  hydrochloric  acid,  washing  with  water,  and  drjring.  This  pro- 
seAs  yields,  however,  but  a  small  product,  as  it  is  difficult  to  deprive  the  boric  acid  of 
dl  its  water,  and  the  remaining  quantity  oxidises  part  of  the  potassium,  with  violent  com- 
bustion, causing  part  of  the  mass  to  be  projected.  According  to  R.  D.  Thomson  (Phil. 
Hag.  [3]  X.  419),  this  inconvenience  may  be  obviated  by  drying  the  boric  anhydride 
us  completely  as  possible,  mixing  it  in  the  state  of  coarse  powder,  with  twice  its 
weight  of  potassium,  freed  as  completely  as  possible  from  tlie  crust  of  hydrate  which 
generally  adheres  to  it,  and  gradually  heating  the  mixture  to  redness  in  a  glass  tube 
)ver  a  lamp.  Wohler  and  Deville  mix  60  grammes  of  sodium  in  small  pieces  with 
100  grammes  of  finely  powdered  boric  anhydride  in  an  iron  crucible,  and  cover 
the  mixture  with  about  30  grammes  of  pulvensed  and  previously  ignited  chloride  of 
lodium.  The  crucible  is  then  quickly  heated  to  redness,  whereupon  a  violent  reaction 
takes  place»  and  the  whole  becomes  liquid.  It  is  carefrdly  stirred  with  an  iron  rod 
till  no  more  free  sodium  or  unfused  chloride  of  sodium  can  be  seen,  then  carefully 
poured  into  water  acidulated  with  hydrochloric  add,  and  washed  and  dried  as  above. 
kB  the  amorphous  boron  is  very  apt  to  run  through  the  filter  when  washed  with  pure 
nrmter,  it  is  bast  to  wash  with  water  containing  sal-ammoniac,  and  then  remove  that 
ialt  by  means  of  alcohoL — ^Another  mode  of  preparing  amorphous  boron  is  that  of 
Berzelius,  which  consists  in  decomposing  perfectly  dry  borofiuoride  of  potassium  by 
leating  it  with  an  equal  weight  of  metamc  potassium  in  an  iron  tube  closed  at  both 
>nds.  The  mixture  is  first  heated  merely  to  the  melting  point  of  potassium,  then  well 
itirred  with  an  iron  rod,  and  afterwards  heated  to  redness.  The  decomposition  takes 
place  without  explosion,  and  the  boron  is  afterwards  separated  from  the  fiuoride  of 
potassium,  with  which  it  is  mixed,  by  digestion  and  washing  with  water  containing 
ial-ammoniac,  the  latter  being  finally  removed  by  alcohol.  If  too  little  potassium  has 
been  taken  to  produce  complete  decomposition,  the  washing  is  rendered  difficult  by 
'.he  remaining  borofiuoride  of  potassium,  which  has  but  little  solubility.  Amorphous 
t>oron  is  also  K>rmed,  together  with  the  other  two  varieties,  in  the  modes  of  preparation 
presently  to  be  described. 

Amorphous  boron  is  a  dark-brown  or  greenish-brown  powder,  opaque,  destitute  of 
aste  and  smell,  and  stains  the  fingers  strongly.  It  is  a  non-conductor  of  electricity. 
In  vacuo,  or  in  gases  with  which  it  does  not  unite,  it  may  be  raised  even  to  a  whit« 
leat  without  melting,  or  subliming,  or  undergoing  any  alteration,  excepting  that  it 
:>ecomes  so  dense  that  it  sinks  rapidly  in  oil  of  vitrioL  In  the  unipnited  state,  it  dis- 
lolves,  to  a  veiy  slight  extent,  in  pure  water,  imparting  its  colour;  in  water  containing 
icids  or  salts  it  is  insoluble,  and  indeed  such  substances  precipitate  it  from  its  aqueous 
olution. 

Amorphous  boron  does  not  oxidise  in  the  air  or  in  oxygen  gas  at  ordinary  tempera- 
iires,  but  at  about  300^  C.  it  bums  in  the  air  with  a  reddish  light,  and  in  oxyeen  gas 
vith  dazzling  brightness ;  the  combustion  is  in  both  cases  attended  with  vivid  emis- 
sion of  sparks,  and  in  oxygen  gas,  according  to  Berzelius,  a  faint  greenish  fiame  is  ob- 
erved.  The  product  is  boric  oxide  or  anhydride,  B*0*,  tie  only  known  oxide  of  boron, 
^bich  melts  on  the  surface  of  the  boron  and  partly  protects  it  from  further  action. 
!n  atmospheric  air,  according  to  Wohler  and  Deville,  a  small  quantity  of  nitride  of 
>oron  is  formed  at  the  same  time. 
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AmorphouB  boron  doei  not  decompose  water,  eveu  at  the  boiling  heat,  favt  it  reader 
decomposes  strong  sulphuric  acid  when  heated  uith  it,  and  nitric  acid,  even  wh^ 
but  slightly  concentrated,  in  the  cold,  the  product  in  each  ease  being  boric  acid.  At  % 
red  heat,  it  decomposes  the  carbonates,  sulphites,  sulphates,  nitritos,  and  nitrate  •/ 
the  alkidi-metals,  an  alkaline  borate  being  formed,  and  carbon,  sulphitr,  or  sitr^pm 
set  free.  The  decomposition  is  sometimes  attended  with  iucandesoence  and,  in  tV 
ease  of  nitre,  with  explosion.  It  also  decomposes  many  metallic  oxides  at  a  red  brat, 
forming  a  borate,  if  uie  oxide  is  in  excess.  Heated  with  hydrate  of  potaasioi.  it 
eliminates  hydrogen,  and  forms  borate  of  potassium.  It  likewise  reduoM  vaij 
metallic  chlorides  and  sulphides,  e.ff.  chloride  of  lead*  chloride  of  silver,  ai&d  su1{4l'^ 
of  lead  at  a  red  heat,  chloride  of  boron  being  formed  and  escaping  as  zaa  (WukUr 
and  Devi  lie).  It  precipitates  metallic  gold  &om  a  solution  of  the  chloride.  VW 
strongly  ignited  in  a  current  of  nitrogen  gas,  it  is  oonrerted  into  white  nitride  of  boras. 
Heated  nearly  to  redness  in  a  current  of  nitric  oxide  gas,  it  bums  brilliaittly,  fanusg 
boric  anhydride  and  nitride  of  boron.  It  does  not  decompose  nitrons  oxide.  (W  &  h  Ur 
andDeville). 

By  ignition  with  aluminium,  amorphous  boron  may  be  converted  into  the  two  ofbr 
modifications,  which  remain  behind  on  dissolving  out  the  aluminitun  bj  hydrodilsrii 
acid. 

Grapkitoidal  Soro  n. — ^This  variety  of  boron  is  obtained : — 1.  By  paeaine  gavc«« 
chloride  of  boron  for  some  time  over  aluminium  in  the  state  of  fdsion.*  The  sikfUi 
takes  up  but  a  small  quantity  of  boron ;  but  on  breaking  it,  the  boron  ia  found  on  tk- 
fiaetured  surface  in  copper-coloured  crystalline  lamina*,  like  graphite  in  eaet'hem : 
they  may  be  separated  by  dissolving  out  the  aluminium  with  hydrochloric  arid  — 
2.  By  heating  8  pts.  of  borofluoride  of  potassium  and  6  pts.  of  aluminimn  with  a  du 
of  9  pts.  chloride  of  potassium  and  7  pts.  chloride  of  sodium  to  the  melting  pcnnt  «< 
silver,  in  a  porcelain  crucible,  and  treating  the  half  fused  metallic  maaa  Ibaiia  in  th* 
midst  of  the  slag,  first  with  hydrochloric  uien  with  hydrofloorie  acid.  Boron  thea  iv« 
mains  in  small  bhickish-grey  crystalline  scales. — 3.  By  fusing  a  mixture  of  16  pta.  bone 
anhydride,  10  pts.  fluor-spar,  and  2  pta.  aluminium ;  or  by  fiiaing  alnminium  with  bonr 
anhydride,  or  better  with  fused  borax  and  cryolite,  and  a  flux  of  chloride  of  potassivn 
and  chloride  of  sodium.  A  large  excess  of  iduminium,  however,  is  requii«d  to  cJAau 
but  a  small  ouantity  of  boron. 

Gbaphitoidal  boron  hafl  a  semi-metallic  lustre,  like  gn^hite  or  crystalline  ferr> 
oxide,  but  with  a  distinct  tinge  of  copper-red.  When  well  crystallised,  it  forma  thin  »a* 
sided  tablets  belonging  to  the  hexagonal  system ;  but  it  is  more  generalW  obtained  » 
a  reddish-grey,  micaceous  powder  composed  of  fine  crystalline  laminae.  It  is  perferth 
opaque.  When  heated  to  redness  in  the  air,  it  does  not  bum  or  Qxid««go  any  appem* 
alteratioiL  It  does  not  dissolve  in  acids  or  in  alkalis,  but  appears  to  be  oonTvrt««; 
into  boric  acid  by  the  long-continued  action  of  nitric  acid,    (w  ohler  and  Devil  la) 

Adamantine  or  Diamond  Boron. — This  is  not,  strictly  speaking,  a  foem  f*( 
pure  boron ;  at  least,  as  hitherto  obtained,  it  alwavs  contains  caroon  and  eometim<^ 
aluminium.  To  prepare  it,  80  grammes  of  aluminmm  in  lumps  are  heated  with  lin* 
grammes  of  boric  anhydride  to  a  temperature  at  which  nickel  fbses  ivadily.  Tb« 
mixture  is  introduced  into  a  crucible  of  compact  charcoal  fitted  with  a  chan>  ! 
cover  and  placed  within  a  hessian  or  black-lead  crucible,  the  intermediate  apace  hati$ 
filled  with  charcoal-powder,  and  the  cover  fastened  on  with  refhictory  luting ;  awi  ♦'  - 
whole  is  exposed  for  five  or  six  hours  to  the  strongest  heat  of  an  air-i^ajrnace,  having  % 
tall  chimney  and  fed  with  a  mixture  of  coke  and  coal.  On  breaking  the  emcihV 
after^  cooling,  two  layers  are  found,  one  glassy,  consisting  of  boric  anhydride  iH 
alumina,  the  other  a  metallic  iron-grey  mass  of  sluminium,  penetrated  throu^k'tt 
with  cry.stalline  boron.  The  alumimnm  is  dissolved  out  by  strong  eoda^ley,  iron  hy 
hot  hydrochloric  acid,  and  the  residue  is  treated  with  a  hot  mixture  of  nitric  isd 
hydrofluoric  acid,  to  remove  silidum.  The  ciystals  of  diamond  boron  thus  far  punfini 
are  still  mixed  with  graphito'idal  boron  and  crystalline  laminae  of  alumina ;  the  £^rni<r, 
being  light,  may  be  separated  by  levigation ;  the  latter  only  by  careful  mechanit-al 
selection. 

Adamantine  boron  forms  quadratic  octahedrons,  in  which  the  principal  axis*  U  *o 
the  secondary  axes  as  0-677:  1.  The  crystals  vary  in  colour,  from  a  acarcelr  |*r- 
:*eptiblo  honey-yellow  to  deep  garnet-red;  sometimes  they  are  to  dc^Iy  coloui^^.  p- 
bably  by  amorphous  boron,  that  they  appear  black.  In 'lustre  and  n>fracring  prw»f?, 
they  are  nparly  equal  to  the  diamond.  Their  specific  gravity  is  2'a3.  They  are  ex- 
tremely hard,  always  sufficiently  so  to  scratch  corundum  with  facility,  and  vmi* 
eryhtals  are  nearly  as  hard  as  diamond  itself.  The  hanlest  are  obtained  by  repeatrrtly 
exposing  aluminium  to  the  action  of  boric  anhydride  at  a  temperatore  hign  e&ou^  tr 
caujie  the  anhydride  to  volatilise  very  quicklj. 

^  It  hit  lately  been  shown  to  be  merely  a  boride  of  almntolDin.    (See  Srrn.uiKxT.  fu  S&^) 
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A«1aman*inc  boron  does  not  Aim,  even  at  the  heat  of  the  oxyhjdroeeu  blowpipe,  and 
itlKsUiiids  the  action  of  ozjgen  eren  when  very  strongly  heated;  but  it  is  slightly 
&idi»od  at  the  temperature  at  which  the  diamond  bums,  a  film  of  boric  anh}'dride 
>'ing  then  formed,  which  stops  ftirther  oxidation.  Heated  on  pUtinum-foil  before  the 
lowpipe,  it  forma  a  fusible  boride  of  platinum.  It  is  not  attacked  by  acids  at  any 
■mpt^rature,  but  when  heated  to  redness  with  acid  sulphate  of  potassium,  it  is  oon- 
I'rted  into  boric  acid.  It  is  not  attacked  by  a  strong  boiling  solution  of  caustic  soda, 
ut  i»  slowly  dissolrod  by  hydrate  or  carbonate  of  s^um  at  a  red  henL  Nitre  does 
«>t  Mp}x:ar  to  act  upon  it  at  any  temperature. 

Boron  unites,  as  already  observed,  with  oxygen  and  with  nitrogen,  also  witii 
Morine,  bromine,  fluorine,  and  sulphur.  With  metals  it  does  not,  for  the  most  part, 
uit4)  readily ;  but  boridee  of  palladium  and  platinum  are  known.  The  pUtinum 
>mpound  is  yeiy  Axsible,  so  that  boron,  in  either  of  its  modifications,  if  ignited  on 
latinum-foil  before  tlie  blowpipe,  instantly  perforates  the  platinum.  (Wohler  and 
Seville.) 

IWon  in  all  its  combinations  appears  to  be  triatomic ;  the  chloride  being  BCl',  the 
xide  FW,  the  hydrate  (boric  acid)  H«BO',  &c 

BOKOV.BROMZBBOr.  BBr'.—DiscoTercdbyPoggiale  in  1846  (Compt. rend, 
xiu  124),  but  first  obtained  pure  by  Wohler  and  Deville  (Ann.  Ch.  Phys.  [3]  h'i. 
^^)  It  is  produced  by  the  action  of  bromine  on  amorphous  boron,  or  on  boric  anhy- 
ride  in  presence  of  chareoaL  The  best  way  of  preparing  it  is  to  pass  bromiDe> vapour 
vor  heated  amorphous  boron,  previously  well  dried  in  a  current  of  hydrogen ;  tlion 
moHt  the  product  for  some  time  with  metallic  mercuiy,  to  remove  excess  of  bromine 
ud  distiL 

Pure  bromide  of  boron  is  a  colourless  mobile  liquid,  of  specific  gravity  2*69,  vola- 
I  Using  readily  at  ordinary  temperatures,  in  colourless,  pungent  vapours,  and  boiling 
iidcr  the  ordinary  atnioaphoric  pressure,  at  90°  C.  Vapour-density  (referred  to  air), 
y  experiment,  878  ;  by  calculation  (2  vol.)  »  8*7.  It  fumes  in  moist  air,  and  is  in- 
fant ly  decomposed  by  water,  with  formation  of  boric  and  hydrobromic  acids.  Witli 
ry  ammonia-gus,  it  forms  a  wliite  pulverulent  substance,  which  is  converted  by  water 
ito  bromide  and  borate  of  aunmonium :  possibly  thus : 

BBr".4NH«  +  2H-0  «  3NH*Br  +  NH«BO«. 

BOXOVf  CBXiO&ZBB  OV.  BCl'. — First  prepared  byBerzelius  (Pogg.  Ann. 
i.  147).  afterwards  by  Bumas  (Ann.  Ch.  Phys.  [2]  xxxi.  436;  xxxiii  376),  more 
xnctly  investigated  by  Wohler  and  Deville  (t^.  [31  lii.  88).  It  is  formed  by  the 
iircct  combination  of  chlorine  and  boron,  which  takes  place  at  ordinary  temperatures, 
•r  at  a  gentle  heat ;  also  by  heating  boron  in  hydrochloric  acid  gas,  or  a  mixture  of 
K>ric  anhydride  and  charcoal  in  chlorine  gas,  and  by  the  action  of  boron  at  a  red  heat 
•n  chloride  of  mercury,  lead,  or  silver. 

To  prepare  it,  amorphous  boron,  loosely  packed  in  a  glasH  tube,  is  first  freed  from 
IX Mature  by  passing  dry  hydrogen  over  it  at  a  gentle  heat ;  the  tube  is  then  left  open 
or  a  few  seconds,  to  allow  the  hydrogen  to  escape ;  after  which,  dry  chlorine  gas  is 
•]l«<^ed  through  the  tube,  the  action  being  assisted  if  necessary,  by  gently  heating  the 
u>»c  in  a  combustion  furnace.  Combination  then  takes  place,  attended  with  evolution 
•f  light  and  heat;  and  the  vapours  of  chloride  of  boron  are  passed  through  a  caout- 
'liouc  connecting-tube  into  a  Y-shaped  tube,  the  two  upper  arms  of  which  are  sur- 
'oundcd  with  ice  and  salt,  while  the  lower  arm  conveys  the  condensed  liquid  into  a 
««eiver  placed  below.  The  product  may  be  freed  from  excess  of  chlorine  by  digestion 
I'ith  mercury.  A  small  quantity  of  oxychloride  of  boron  is  generally  formed  at  the 
ume  time,  by  the  action  of  a  little  air  or  moisture  left  in  the  apparatus ;  but  it  oon- 
lem$es  in  the  cooler  part  of  the  combustion-tube.  The  chloride  of  boron  may  be  freed 
roni  excess  of  chlorine  by  digestion  with  mercury. 

Wlien  the  vapour  of  chloride  of  boron  is  mixed  with  hydrogen,  as  when  it  is  pro- 
lucetl  by  heating  boron  in  hydrochloric  acid  gas,  or  with  carbonic  oxide,  as  when 
>roducea  by  the  action  of  chlorine  on  a  hot  mixture  of  boric  anhydride  and  charcoal, 
t  in  very  difficult  to  condense ;  indeed,  chloride  of  boron  was  ori^pnally  regarded  as  a 
I'M  at  ordinary  temperatures,  until  Wohler  and  Deville  obtained  it  in  a  state  of  purity 
.ly  the  process  above  described. 

Pure  chloride  of  boron  is  a  colourless,  mobile,  strongly  refracting  liquid,  having  a 
qx-cific  gravity  of  1-36  at  17°  C.  (?  7^);  it  expands  very  perceptibly  by  a  rise  of  l°or 
!^  of  temperature.  It  boils  at  17°  C.  Vapour-density,  by  experiment  «  4*06— 4*08 ; 
»y  calculation  (2  vol.)  «  4-07.  It  flimes  m  damp  air,  and  is  quickly  decomposed  by 
*-ater,  yielding  boric  and  hydrochloric  acids.  With  alcohol,  it  forms,  with  great  rise 
>f  temperature,  hydrochloric  acid  and  borate  of  ethyl :  similar  reactions  with  methylic 

ind  amylic  alcohols. 
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fiSO  BORON  :  DETECTION  AND  ESTIMATION. 

A'unumia-eh/oride  of  Boron,  3NH'.2BCI',  is  fonned.  with  i^reat  erolutioo 
when  dry  ammoQia-gas  in  pawed  OTer  cbloride  of  boron.  It  is  s  tKiU.  fii^i 
talline  powder,  vhich  Bubiiincs  unaltered  irfaen  h«iiti.-d  alone,  thouiili  no<  K>  • 
•al-ammoniBC  Itdow  not  fume  in  the  air,  but  is  dscomposed  bj-  witer,  jieldi 
ai^id,  chloride  of  ammonium,  and  hjdcocbloiic  acid : 

■    215CI'.3NH'  +  eH'O  ^  2HTB0"  +  3SH*a  +  3HCL 
When  the  vapour  of  this  compound,  oiied  with  aaunoiua-giu,  ia  passed  tb 
red-hot  tube,  nitride  of  boroa  13  produced. 

BOXOV,  OKUISOCYAanm  or.     See  CtaNoOeN,  Cht.oiudb  of. 

BOXOM,  nBTBOTXOS  AV9  BBTXtULTSOW  OV.  Boron  iilEaoe 
occon!  in  the  form  of  boric  acid,  and  therefore  the  reaclions  by  whiph  it  i' 
■re  best  considered  in  detail  in  connection  with  that  acid  (see  p:igeG'>9).  'i^ 
acid  is  in  the  free  state,  it  is  easily  recognised  by  the  green  colourwhich  it  in 
flame,  especially  lo  an  alcohol  flame,  and  by  its  peculiar  action  on  turmeric  pi 
the  acid  is  in  combinatian  with  a  base,  the  compound  must  Urst  be  deo^infi-^ 
state  of  powder  by  sulphuric  acid,  and  the  boric  acid  eilractcJ  with  Hj<:nh^>L 
borates  not  decomposilpje  by  sulphnric  acid,  must  be  fused  with  potash,  b 
digested  with  alcohol  and  aulphuric  acid.  Another  method  of  dclci-tin^  1 
minerals  is  to  mix  the  pulTeriaed  substance  with  4  pis.  of  a  flax  ooirVaiii 
pounded  fluorspar  and  t}  pis.  acid  sulphate  of  potuaiom,  nuide  into  s  paei 
little  water,  and  heat  the  mixture  OD  a  pbitinam  wire  in  the  inner  blowpij 
As  Ilie  muss  melte,  fluoride  of  boron  is  given  ofi^  and  imparts  a  yeliow'-irr^eii ' 
the  outer  flame.  If  the  ijusjility  of  boron  present  ia  emsH.  this  appcamnce  laMi 
a  fen  seconds,  ceasing,  in  fact,  as  soon  as  the  fluoride  of  boron  is  compUt<-lj  vr 

The  green  colour  imparted  to  flame  is  a  very  delicate  test  for  liurcin. 
applying  it,  however,  care  must  be  taken  to  ensure  the  complete  absence  o(  e> 
the  sails  of  this  metal  impart  a  veiy  bright  green  colour  to  flame.  CertsLu 
componnds  also  colour  flames  green,  us  when  hydrochloric  acid  ia  dro5>)H^ 
alcohol  flame  ;  but  the  green  colour  tJiua  produced  has  a  decidwl  bluish  tmi! 
disdnguiahes  it  from  that  produced  by  boron.  Lastlj,  phosphates  Dioi9t<;[ 
■ulphuric  acid,  also  give  a  faint  green  colour  ta  the  outer  blowpipe  flame. 

Quantitative  Eitimalion. — ^The  exact  estimation  of  boron  pr^^tenta  onu 
difficulties,  as  aU  bontea  are  more  or  leag  soluble  in  water  or  in  nlcohol.  and  b 
cannot  be  heated  without  loss  in  contact  with  water.  Tho  best  roixlr  of  di 
matlon,  originally  propoi^  by  BerieliuB,  and  perfw-ted  by -Strooieyer  1. 
Phami.  c.  82),  is  to  precipitate  the  boron  as  borofluorirte  of  polussium,  wliirt 
insoluble  in  alcohol  of  a  certuin  stren^h.  This  mode  of  precipitvtioD,  )i>r 
directly  applicable  only  when  the  boron  exists  in  sohitioa  as  burati-  of  potanti 
other  bases  present  muat  tirst  be  separated.  Boralee  of  the  alkaline-earil 
earth -metals,  or  heavy  metals,  are  fused  with  carbonateof  potassium;  and  thi 
digested  in  water,  which  takes  up  nothing  but  bonile  of  poUtsaium.  except  [ 
trace  of  magnesia.  Borate  of  sodium  is  treated  with  alcohol  and  Aulphuru;  a 
alcoholic  liquid  filtered  from  the  sulphate  of  sodium,  la  mixed  with  eieeas  r 
free  from  ailicicand  carbonic  acids;  and  the  alcohol  ia  evaporated.  Thealkalii 
of  potasBium  obtained  in  either  case,  is  now  to  be  saturated  with  pure  hy.: 
acid,  and  the  liquid  eTapornted  to  dryn<«s  in  a  silTer  or  platinum  vessel : 
(■aline  masa  ia  macerated  with  a  solution  of  acetate  of  potassium  (!  pt,  of  tl 
4  pix.  water);  the  undissolved  borolluoride  of  polasnium  is  collected  on  a  vei;;! 
enpported  on  a  gutta-percha  funnel,  and  washed,  flmt  with  the  solution  of  a 
potassium,  which  removes  chloride,  phosphate,  and  sulphate  of  potaMinm. 
Mdium-salts  thouch  slowly,  and  aftemards  with  alcohol  of  8*  per  cent.  Tr«.l 
ciflc  gravity  08626),  then  dried  at  100°  C.  and  weighei  100  porta  of  the  tw 
correspond  to  2778  boric  anhydride,  or  9-06  boron. 

To  ascertain  whether  the  precipitate  is  pure,  it  is  diiisolved  in  boiling  valt 
leaves  behind  anj'  traces  of  magnesia  that  may  be  present,  and  the  solution  L 
with  ammonia,  which  precipitates  silica  if  present:  the  precipitate  may  then  be 
lirst  with  acetate  of  potassium,  then  with  alcohol  and  it»  weight  ateertained. 

The  quantity  of  free  boric  acid  in  an  nqueons  or  alcoholic  eolntioD.  cannot  1 
mined  by  evaporation  to  dryneas,  because  a  consideralde  quantity  of  the  adii 
with  the  aqueouB  or  alcoholic  vapours:  even  the  presence  of  excrss  of  I", 
barjta,  or  basic  phosphate  of  sodium,  does  not  completely  prevent  this  et»\ 
Aramoniapreventfl  the  volatilisation  to  a  greater  extent  liiiin  either  of  lliene  eui 
but  it  docs  not  quite  prevent  loss.  The  only  exact  mode  of  det'Tmininp  Uwit 
evaporation,  is  lo  aupersaturalc  the  liquid  with  a  known  weight  of  pure  fused  r 
of  sodium  (about  3  pts.  of  the  carbonate  to  1  pt  of  acid  ^upllosed  lo  be  prewii 
eraj-uriilu  to  dryness,  and  ignite  the  retidue  in  a  covcr>'d  crooible.      The  hi 
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cttrbonic  anhydride  in  the  rendoe  is  then  to  be  detennined  by  the  method  given  under 
AuukLixiTBT  (p.  149),  and  deducting  this,  together  with  the  known  weight  of  soda 
contained  in  the  carbonate  added,  from  the  totd  weight  of  the  residue,  the  remainder 
u  the  quantity  of  boric  anhydride  present 

Boron  in  borates  may  be  estimated  indirectly  in  several  wa^  The  best  method  is 
to  digest  a  weighed  quantit^r  of  the  pulverised  compound  in  a  capacious  platinum 
crucible,  with  hydrofluoric  acid,  then  gradually  add  strong  sulphuric  acid,  and  heat 
tiie  mixture,  gently  at  first,  and  afterwards  to  redness,  till  the  excess  of  sulphuric  acid 
i^  expelled.  The  boron  is  then  completely  driven  oflf  as  fluoride,  and  the  bases  remain 
in  the  form  of  sulphates.  If  only  one  base  is  present,  its  quantity  is  easily  calculated 
from  the  weight  of  the  residue.  If  two  bases  are  present,  e,g.  potash  and  soda,  the 
u  mount  of  sulphuric  add  in  the  residue  must  be  ascertained ;  the  quantities  of  the  two 
bases  may  then  be  found  by  the  method  given  under  Indirkct  Analysis  (p.  224).  If 
more  than  two  bases  are  present,  they  must  be  separated  by  the  usual  methods.  The 
weight  of  the  bases  deducted  from  that  of  the  original  substance,  gives  the  amount  of 
Itoric  anhydride.  . 

Instead  of  driving  off  the  boron  as  fluoride,  it  may  be  volatilised  as  borate  of  ethyl, 
bv  treating  the  pulverised  borate  with  strong  sulphuric  acid  and  alcohol.  Or  the 
boric  acid  set  free  by  the  action  of  sulphuric  acid,  may  be  dissolved  out  by  alcohol 
and  separated  by  filtration ;  but  this  last  method  is  applicable  only  when  the  resulting 
sulphates  are  completely  insoluble  in  alcohol. 

lioric  acid  combined  with  potash  or  with  soda,  may  be  estimated  volumetricallv 
bv  menns  of  a  standard  solution  of  sulphuric  add.  The  solution  is  coloured  with 
tincture  of  litmus,  and  the  sulphuric  add  is  cautiously  added  from  a  burette,  till  the 
H^ine-red  colour  first  produced  by  the  liberation  of  the  boric  add,  changes  to  the  bright 
r^'d  which  indicates  the  presence  of  free  sulphuric  acid :  this  takes  place  as  soon  as 
the  quantity  of  sulphuric  acid  (H^O*)  amounts  to  1  at.  for  2  at  of  potash  or  soda 
(KHO  or  NaHO).  Hence  the  amount  of  the  base  is  found,  and  this  deducted  from 
i\\e  total  weight  of  the  dry  salt,  gives  the  boric  add. 

Separation  of  Boron  from  other  Elements. — ^When  boric  add  is  in  com- 
bination with  several  bases,  it  is  best  to  estimate  the  amount  of  these  bases  at  once, 
nnd  determine  the  boric  acid  (or  anhydride)  by  difference.  From  the  metals  of  the 
fin>t  group,  copper ,  for  example,  boron  is  easily  separated  by  sulphuretted  hydrogen ;  from 
tt'on^  and  others  of  the  second  group,  by  sulphide  of  ammonium.  From  barium  it  is 
Meparated  by  sulphuric  add ;  from  strontium  and  caleiunij  by  sulphuric  add  and  alcohol ; 
from  magnesiunif  by  ammonia  and  phosphate  of  sodium :  the  predpitate  in  this  last 
case  generally  contains  a  small  quantihr  of  boric  add. 

The  separation  of  boric  add  from  all  these  bases  may  likewise  be  effected  by  fusion 
i»ith  alkaline  carbonates ;  in  the  case  of  magnesia,  carbonate  of  potassium  must  be 
used,  because  soda  forms  with  magnesia  an  insoluble  compound. 

Sufphuric  acid  is  easily  separated  fh>m  boric  add  by  precipitation  with  chloride  of 
bnrium ;  hydrochloric^  hydro^ronue,  and  hydriodie  adds,  by  adding  nitrate  of  silver  to 
the  solution  addulated  with  nitric  add;  phosphoric  acia^  by  ammonia  and  sulphate 
of  magnesium. 

The  estimation  of  boron  in  presence  of  fluorine  is  difficult  Metallic  borofiuorides 
are  analysed  bv  heating  them  with  sulphuric  add,  whereby  fluoride  of  boron  and 
hydrofluoric  acid  are  driven  of!^  and  the  metal  remains  as  sulphate,  from  the  weight 
of  which  its  quantity  may  be  determined,  and  hence  the  amount  of  the  boron  and 
fluorine  together.  If  the  compound  contains  water  of  crystallisation,  it  must  be  de- 
termined by  mixing  the  compound  with  6  pts.  of  oxide  of  lead,  covering  the  mixture 
in  a  retort  with  a  layer  of  oxide  of  lead,  and  exposing  it  to  a  heat  short  of  redness. 
The  loss  of  weight  gives  the  water. 

In  a  mixture  of  a  borate  with  a  fluoride,  it  is  impossible  to  determine  either  the 
hon^n  or  tlie  fluorine  exactly.  By  dissolving  the  compound  in  excess  of  nitric  add, 
und  adding  excess  of  carbonate  of  calcium,  the  fluorine  is  predpitated  as  fluoride  of 
calcium,  but  not  completely,  probably  because  a  borofluoride  is  formed. 

The  estimation  of  boron  in  silicates  is  likewise  difficult  If  the  silicate  is  decom- 
posed by  adds,  like  datolite  or  botzyolite,  it  is  finely  pulverised,  heated  in  a  corked 
flask  with  hydrochloric  acid,  at  last  nearly  to  boiling;  the  thick  jelly  is  then  diluted 
with  water  and  filtered ;  the  filtrate  supersaturated  with  ammonia,  which  separates 
alumina ;  oxalic  acid  is  added  to  precipitate  lime ;  and  the  filtrate,  which  now  contains 
nothing  but  boric  acid  in  combination  with  ammonia,  is  evaporated  in  a  platinum 
capsule  over  the  water>bath,  with  frequent  addition  of  ammonia.  The  dry  residue  is 
then  gradually  heated  to  redness  in  a  covered  platinum  crudble,  whereupon  boric  anhy- 
dride remains  mixed  with  a  little  silica.  The  boric  anhydride  is  afterwards  di/isolved 
out  by  water,  and  the  residual  silica  weighed.  The  result  is  not  quite  exact,  as  a  little 
boric  add  goes  off  even  in  presence  of  excess  of  ammonia,  but  the  loss  is  not  considerable. 
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flrrn  bright  incandescence,  and  forming  a  metallic  boroflooride,  with  separation  of 
Himn.  iron  does  not  act  upon  the  gim,  even  at  a  bright-red  heat.  Quick  lime  absorb* 
Iu<*nde  of  boron  readilj  when  heated,  fonning  a  fbaible  mixturo  of  flaoride  and  borate 
>f  calcium. 

Diy  ammimia  oaa  forms  with  an  equal  volume  of  fluoride  of  boron,  a  white,  opaqno, 
solid  componnd,  NH'JJF*,  which  volatilises  undecomposcd,  and  is  converted  l)y  wator 
into  boiotlaoride  and  borate  of  ammonium.  By  the  further  action  of  ammonia  on  this- 
body,  two  liquid  oompoonds,  2NH'.BP,  and  3NH«.BF*,  are  formed ;  when  exposed  to 
the  air  or  heated,  thev  give  off  ammonia  and  reproduce  the  solid  compound. 

According  to  Euhlinann,  fluoride  of  boron  unites  with  nitric  oziae,  nitrous  add, 
peroxide  of  nitrogen,  and  nitric  acid. 

maoborle  Aiold.  HB0*.3HF.— This  compound,  discovered  by  Gay-Lussac  and 
Th^nard,  is  obtained  by  saturating  water  with  gaseous  fluoride  of  boron,  the  vessol 
being  cooled  with  ice,  and  the  gas-delivery-tube  made  to  dip  under  mercury  below  the 
water,  as  otherwise  the  rapid  absorption  would  cause  the  liquid  to  run  back  into  the 
generating  vesseL  The  saturated  solution  has  a  specific  gravity  of  1-77,  and  is  nearly 
pur©  flnoboric  anhydride,  BK)».6HF,  or  hydrate  of  boric  fluoride,  2BF".3H«0  (G  mel  in's 
tri-hydrofluate  of  boric  acid,  BC^ZHF,  Handbook,  il  363).  On  heating  it,  onc-tifth 
of  the  absorbed  fluoride  of  boron  goes  off,  and  there  remains  a  liquid  of  specific  gravity 
1-584,  which  ii  flnoboric  acid,  HK).B*0«.6HF,  or  HBO*. 3HF. 

An  eaaier  mode  of  preparing  this  acid  is  to  dissolve  boric  acid  or  anhydride  in  hy- 
(bt>fluoric  afcid  contained  in  a  platinum  crucible  externally  cooled,  avoiding  an  exccHS 
of  boric  acid,  then  evaporate  over  the  water-bath,  gently  boil  the  remaining  liquid 
in  the  covered  crucible^  till  the  vaponra  form  a  thick  fume  in  the  air,  and  leave  the 
:>|Miil  to  cool  over  sulphuric  acid.  It  maj  hho  be  obtained  by  fusing  an  intimate 
mixture  of  10  pts.  fluorspsr  and  8^  crystallised  borax,  pulverising  the  ftised  raaai,  and 
(liMtilling  it  with  16}  pts.  strong  sulphuric  acid.  The  product  thus  obtained  generally 
contains  a  little  silica  derived  ftx)m  the  distillation-vessel. 

Fluoboric  acid  is  an  oily  liquid,  like  oil  of  vitriol,  Aimes  in  the  air,  boils  at  a  tem- 
perature above  100^  C,  and  distils  without  alt^vntion.  It  is  highly  caustic,  chars 
organic  bodies,  and  converts  alcohol  into  ether.  By  dilution  with  water,  it  is  deoom- 
{Mtiied,  one- fourth  of  the  boric  add  being  separated,  and  a  solution  of  hydrofluoboric  acid 
remaining : 

4(HBO«.3HF)  -  HBO»  «  3HBF*  +  6HH). 

Fluoboric  acid  forms  salts,  having  the  general  formula  MB0*.3MF.  They  are  pro- 
duced by  the  direct  action  of  the  acid  on  the  bases,  or  by^  dissolving  the  corresponding 
borates  and  fluorides  in  the  proper  proportions,  and  leaving  the  solution  to  evaporate. 
But  few  of  them  have  been  examined. 

The  sodium'Saltf  NaB0'.3NaF  •»- 1  aq,  crystallises  in  small  rectangular  prisms, 
having  their  terminal  faces  obliquely  tnincated ;  they  have  an  alkaline  reaction,  give 
off  their  water  at  AQ9  C,  and  melt  at  a  higher  temperature.  The  fused  salt,  if  quickly 
reeled,  solidifles  to  a  dear  glass ;  but  by  slow  cooling,  it  becomes  turbid,  from  separa- 
tioD  of  fluoride  of  sodium,  which  remains  undissolved  on  treating  the  mass  with  cold 
water,  whereas  boiling  water  dissolves  the  whole,  reproducing  the  original  salt. 

Another  fiuoboraU  of  sodium^  KaHB*0^6NaF•»-  lOao,  is  produced  by  slowly  eva- 
porating a  solution  of  1  at  borax  and  6  at.  fluoride  of  soaium.  It  cnrstamses  in  small 
rectangular  four-sided  prisms,  which  become  turbid  at  40^  C.  from  loss  of  water,  and 
l)<>have  like  the  preceding  when  melted  and  slowly  cooled.  (Handw.  d.  Chem.  2**  Aufl. 
ii.  [2]  279.) 

Sjdroflaoboiio  Aeld«  HBF^—BF'.HF.— Obtained  by  passing  gaseous  fluoride 
^  boron  into  water,  till  the  liquid  is  strongly  acid,  and  exposing  it  to  a  low  tempe- 
rature.   Boric  add  then  separates,  and  hydrofluoboric  acid  remains  in  solution : 

4BP  +  2H»0  -  3BHF«  +  HBO«. 

A  similar  solution  is  obtained  by  dissolving  cxybtallised  boric  add  to  saturation  in 
moderately  strong  hydrofluoric  acid  artificially  cooled. 

Hydrofluoboric  acid  is  known  only  in  the  state  of  dilute  solution.  It  is  decomposed 
by  concentration,  yidding  hydrofluoric  and  fluoboric  acids : 

BHF*  +  2H=0  «  HF  +  HB0«.3HF. 

In  the  dilute  state,  it  does  not  attack  glass ;  but  if  it  be  concentrated  in  a  glass  vessel, 
the  glass  becomes  corroded,  from  separation  of  hydrofluoric  add ;  if,  however,  boric 
acid  be  added  during  the  concentration,  so  as  to  form  fiuoboric  acid,  no  corrosion  of 
Uie  glass  takes  place. 

Borofluorides. — These  salts,  whoae  composition  is  expressed  by  the  general 
formulas,  BIF.BF'  and  M'T'.2BF',  are  formed  by  the  action  of  gaseous  fluoride  of 
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boroD  or  aqneous  fluoboric  acid  od  metallic  fluorides ;  by  the  action  of  tDH4ilii<;  oxj  >« 
on  hydrofluoboric  acid ;  or  by  dissolying  a  metallic  fluoride,  together  iriib  l^iric  briui 
in  aqueous  hydrofluoric  acid ;  sometimee  also  by  merely  bringing  a  fluoride  in  o  du.  ; 
with  boric  acid,  the  liquid  then  becoming  alkaline  if  preriously  neutral,  or  even  if  jki^t 

Most  borofluorides  are  soluble  in  water,  and  are  obtained  in  the  crrstalline  letMff 
by  evaporating  their  aqueous  solutions.  At  a  red  heat»  they  arereeolred  into  flwric« 
of  boron  and  metallic  fluoride.  Distilled  with  sulphuric  acid,  they  give  off  g&sri>\:a 
fluoride  of  boron  and  aqueous  hydrofluoboric  aeid.  They  are  for  the  most  port  sot 
decomposed  by  heating  with  alkalis  or  alkaline  carbooateii. 

Barofiuoride  of  Aluminium^  crystallises  by  slow  evaporation  from  asolntion  of  hr.ir*t/- 
of  aluminium  in  excess  of  hydrofluoboric  acid;  the  crystals  dissolve  in  water  -s  •• 
when  free  acid  is  present.  On  mixing  a  solution  of  cbloride  of  aluminium  vith  Vr*- 
fluoride  of  sodium,  a  basic  borofluoride  of  aluminium  is  precipitated,  which,  at  a  rt*! 
heat,  is  resolved  into  fluoboric  acid  and  borate  of  aluminiunt. 

Borofiuoride  of  Ajninoniuin,,  NH^F.BF*,  is  obtained  by  subliming  a  mixture  of  tii« 
potassium-salt  with  sal-ammoniac,  or  more  easily  by  dissolving  boric  acid  in  aqueoes 
fluoride  of  ammonium,  ammonia  being  then  evolved  : 

4NH*F  +  H«BO«  «  NH*F.BF»  +  3H«0  +  3NH«. 

It  crystallises  by  evaporation  in  six-sided  prisms  with  dihedral  summita ;  diiisoh«4 
readily  in  water,  somewhat  less  in  alcohol;  reddens  litmus;  does  not  attack  zi^>, 
dissolves  in  aqueous  anmionia,  and  crystallises  out  unaltered ;  sublimes  wht^n  bcatHl 

Borofluoride  of  Barium^  Ba"F*.2BP.H*0. — ^Prepared  by  saturating  hydmflu<»borio  hn  1 
with  carbonate  of  barium,  avoiding  an  excess,  otherwise  fluoride  of  barinro  ftrul  l-rir- 
acid  are  produced.  Or3r8tallises  from  a  warm  solution  in  long  needles  ;  by  slo-sr  evapo- 
ration in  a  warm  atmosphere,  in  smooth  rectangular  prisms,  often  aiTanii:tHi  in  et^^^t 
like  common  salt.  Has  an  acid  reaction;  tast^^s  like  barium-salts  in  gt'Dt>raI ;  os- 
solves  readily  in  water ;  deliquesces  in  moist  air.  Aleohol  decom[K>ses  it,  dissolving  i^ 
acid  salt,  and  sepaniting  a  white  powder.  The  crystals  effloresce  at  40^  C.  and  de»^r-- 
pose  at  a  higher  temperature. 

Borofliioride  of  Calcium,— Ji.  solution  of  carbonate  of  calcium  in  hydrofluoric  ar  u 
deposits  on  evaporation,  a  gelatinous  mass,  which  dries  up  to  a  white  powder,  rKkirr.» 
litmus,  and  is  decomposed  by  water,  with  separation  of  a  biisic  Siilt 

Borofiuoride  of  Copper,  Cu"S»F». — ^Light  blue  needles  obtained  by  decompoftio*  tLr 
barium-salt  with  sulphate  of  copper,  and  evaporating  the  filtmte. 

Borofliioride  of  Lead,  Pb"B'P.— Prepared  like  the  barium-salt,  and  crystalline*  wth 
difliculty  by  spontaneous  evaporation,  in  four-sided  prisms ;  from  the  solution  ev:«p«»- 
rated  to  a  syrup,  in  long  prisms.  Has  a  sweetish  taste,  with  sour  astrinp(?nt  alterts^*^ 
Partially  dissolved  by  water  and  by  alcohol.  Heated  with  oxide  of  lead  it  is  »ai'i  tn 
yield  an  easily  fusible  oxj* borofluoride,  whose  aqueous  solution  is  rendcpc»d  turbid  br 
the  carbonic  acid  in  the  air. 

Borofiuoride  of  lAthiu lit,  LiBF*.— -Prepared  like  the  copper-salt,  and  s^^pamf*^  ^r 
evaporation  at  40° C.  in  large  prismatic  crystals,  which  have  a  mther  bitter  au'l  ^.'. 
taste,  and  deliquesce  in  the  air,  sparingly  soluble  rhombohedral  crystals  then  p*^pi- 
rating,  which  have  not  been  further  examined. 

Borofiuoride  of  Magnesium.  —  Easily  soluble;  crystallises  in  largo  prisms;  X^*<^ 

bitter. 

Borofiuoride  of  Potassium  KBF*.  —  Formed  like  the  ammonium-salt,  by  ^iMIiri: 
boric  acid  to  aqueous  fluoride  of  potassium.  It  may  be  prepared  by  disiswlvinu  i  it 
(124  pts.),  of  crystallised  boric  acid,  and  1  at.  (138  pts.)  carbonate  of  potassium  ui  ►•x«>.-» 
of  hydrofluoric  acid,  or  by  adding  a  soluble  potassium-salt  to  hydrofluoric  acid .  i? 
then  separates  as  a  transparent  gelatinous  precipitate,  which  appears  iridescent  :  v 
reflected  light  while  suspended  in  the  liquid,  and  dries  up  to  a  whit<^  powder.  It 
dissolves  in  70  pts.  of  cold,  and  in  a  smaller  quantity  of  hot  wat-er,  and  cTysta'.iM-^ 
from  the  solution  in  anhydrous,  shining,  six-sided  prisms.  It  has  a  bitti^rish  t.vti. 
and  does  not  redden  litmus.  Alkalis  do  not  dissolve  it  more  readily  than  t-n- 
water.  Ammonia  does  not  alter  it,  unless  the  solution  contains  silica,  in  which  ca*  » 
precipitate  is  formed.  It  dissolves  in  boiling  alcohol.  When  hcato^l,  it  fir»t  m-*  ii, 
tlien  gives  off  fluoride  of  boron,  and  if  not  quite  dry,  likewise  fluoboric  acid;  ami  .r^T 
prolonged  exposure  to  a  strong  heat,  leaves  fluoride  of  potaasium.  Strong  sul^..  xtj. 
acid  decomposes  it  but  slowly,  even  with  the  aid  of  heat. 

Borofiuoride  of  Sodium^  NaBF*,  forms  short  four-sided  rectangular  prit^nw,  r.  r) 
soluble  in  water,  less  in  alcohol ;  has  a  rather  bitter  and  acid  tafttc,  and  rt'dd  :=• 
litmus.  The  crystals  are  anhydrous,  melt  below  a  red  heat,  but  require  sttntn^'  -•  i 
prolonged  ignition  to  decompose  them  completely  into  fluoride  of  boron  and  ftu«  rii  i 
of  sodium. 

Borofiuoride  of  Yttrium  dissolves  only  in   water  containing   free  aci<l.      It  b 
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obUined  in  OTfltak  bj  diasolTiiig  yttria  in  excess  of  hydrofluoboric  acid,  and 
0vaporating. 

Borojluoride  of  Zine,  Zn'^F'. — Zinc  dissolves  in  hjdroilnoborie  add  with  eyolution 
of  hydrogen.  The  solation  eraporated  to  a  syrup  sclidifles  at  low  temperatures  to  a 
deliquescent  mass. 

aoXOV t  lOBIBB  OF.  Not  yet  obtained  in  the  pure  state.  Iodine  and  boron 
strongly  heated  tc^ether,  form  a  product  which  appears  to  be  an  oxyiodide  (  Wdhler 
andDeTille).  Boron  does  not  decompose  iodide  of  silver,  even  at  temperaturea 
above  the  melting  point  of  the  metaL 

According  to  Lislis,  a  mixture  of  boric  anhydride  and  charcoal  heated  in  iodine- 
vapour,  yields  a  yellow  sublimate,  which  has  not  been  examined. 

aOKOVt  WXTBma  OV.  BN. — This  compound  was  discorered  by  Balmain 
(PhlL  Mag.  [Z]^  xxi.  170 :  xxii  467 ;  xxiiL  71 ;  xxiv.  191),  who  at  first  r^puded  it  as 
capable  of  uniting  with  metals  and  forming  compounds  analogous  to  the  cyanides  ; 
btit  afterwards  found  that  all  these  supposed  metallic  compounds  were  one  and  the 
Biiroe  substance,  viz.  nitride  of  boron  without  any  appreciable  amount  of  metal. 
Tbifl  conclusion  has  been  confirmed  by  Marignac  (Ann.  Ch.  Pharm.  Ixxix.  247). 
Balmain  obtained  this  substance  by  heating  boric  anhydride  with  cyanide  of  potassium 
or  cyanide  of  ainc,  or  with  ^anide  of  mercury  and  sulphur.  It  has  since  been  more 
completely  investigated  by  Wohler  (Ann.  Ch.  Pharm.  Ixxiv.  70),  who  prepares  it  by 
heating  to  bright  redness  in  a  porcelain  or  platinum  crucible  a  mixture  of  2  pts 
dried  sal-ammoniac  and  1  pt  pupe  anhydrous  borax : 

Na«0.aB«0»  +  2NH*a  -  2BN  +  2NaCl  +  BK)»  t-  4HH). 

The  product,  is  a  white  porous  mass,  which  is  pulverised  and  washed  with  water  to 
free  it  from  chloride  of  sodium  and  boric  anhydride,  the  final  washings  being  mad« 
with  boiling  water  acidulated  with  hydrochloric  add.  The  boric  anhydride  is,  how- 
ever, so  completely  incorporated  with  the  nitride  of  boron,  that  it  cannot  be  wholly 
removed  by  washing  A  purer  product  might  perhaps  be  obtained  by  usin^  neutral 
borate  of  sodium  instead  of  borax,  in  which  case,  no  excess  of  boric  anhydride  would 
be  present : 

NaK).B«0«  +  2NH*a  -  2BN  +  2Naa  +  4H»0. 

Wdhler  formerly  prepared  nitride  of  boron  by  igniting  anhydrous  borax  with  ferro- 
o)-auide  of  potassium.  It  is  likewise  produced  when  amorphous  boron  ia  heated  to 
whiteness  in  a  stream  of  pure  nitro^n ;  more  easily,  but  with  simultaneous  formation 
of  boric  anhydride,  when  boron  is  ignited  in  a  current  of  air,  or  of  nitrous  or  nitric 
oxide  gas ;  also,  with  incandescence  and  evolution  of  hydrosen,  when  boron  is  heated 
in  gaseous  ammonia.     (Wohler  and  Deville,  Ann.  Ch.  Pharm.  cv.  69.) 

Nitride  of  boron  is  a  white  amorphous  powder,  tasteless,  inodorous,  soft  to  the 
touch,  insoluble  in  water,  invisible,  and  non-volatile.  If  very  pure,  it  exhibits  when 
heated  at  the  edge  of  a  flame,  a  brilliant  greenish-white  phosphorescence,  undergoing 
at  the  same  time  a  slow  oxidation.  Heated  in  an  alcohol-flame  fed  with  oxygen  gas, 
it  bums  rapidly,  with  fiunt  greenish-white  flame,  ^ving  off  fvaaes  of  boric  anhydride. 
It  easily  reduces  the  oxides  of  copper  and  lead,  giving  off  nitrous  fumes.  Heated  in  a 
current  of  aqueous  vapour,  it  yields  ammonia  and  horie  anhydride : 

2BN  +  8HK)  -  BH)«  -t-  2NIP. 

Alkalis,  and  the  greater  number  of  adds,  even  in  the  state  of  concentrated  solution, 
huve  no  action  on  nitride  of  boron ;  strone  sulphuric  acid,  however,  with  the  aid  of  heat, 
ultimately  converts  it  into  ammonia  and  boric  add.  Fuming  hydrofluoric  acid  con- 
verts it  into  borofluoride  of  ammonium.  Nitride  of  boron  undergoes  no  alteration 
when  heated  in  a  current  of  chlorine.  When  fused  with  hydrate  of  potassium,  it 
gives  off  a  large  quantity  of  ammonia.  With  anhydrous  carbonate  of  potassium,  it 
yields  borate  and  cyanale  of  potassium : 

BN  +  2(K«C0»)  -  KBO«  +  KCNO. 

It  does  not  deeompose  carbonic  anhydride,  even  at  the  highest  tem^ieratures. 

80R0V,  OZXim  OV.  Boric  Oxide  or  Anhydride,  Anhydrous  boric  acid,  'BK>\ 
—  This  the  only  known  oxide  of  boron.  It  is  formed  when  boron  burns  in  oxygen  gas, 
in  the  air,  or  in  nitric  oxide  gas  (p.  626)  ;  but  it  is  more  easily  obtained  by  exposing 
boric  acid,  which  is  its  hydrate,  to  a  strong  heat  Water  then  goes  of^  and  the  an- 
hydride melts  to  a  risdd  mass,  which,  on  cooling,  solidifles  to  a  colourless  brittle  glass 
{vitrified  boric  or  boradc  acid)  of  speciflc  gravity  1*83.  It  cracks  spontaDSousTy  in 
cooling,  and  the  formation  of  each  crack  is  attended  with  a  flash  of  light  (Dumas). 
It  is  ^fectly  flxed  in  Um  fire  when  alone,  but  in  presence  of  water,  and  still  more  of 
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alcohol,  it  volutilises  to  a  considerable  amount.  It  is  perfectly  inodoitnu;  bw  i 
Blightlv  bitter  but  not  sour  t««t« ;  diBsolves  readily  in  water,  forming  boric  acid,  aWi  b 
aleohoL  The  alcoholic  solution  bums  with  a  green  flame;  so  likewise  does;  a  niiifarr 
of  boric  anhydritle  and  sulphur. 

Potassium  heated  with  boric  anhydride  decomj>ose«  it  with  risible  corahQ-:;,-!i; 
sodium  decomposes  it  quietly.  It  is  not  decomposed  by  phosphorua-vapour  at  a  re<j  L^t 
or  by  charcoal  even  at  a  white  h'»at  (Gmelin).  It  unitea  with  metallic  oxides  »Lr, 
fused  with  them,  forming  borates.  From  its  fixity  in  the  fire,  it  ii  capable  of  df  ^na 
posing  at  high  temperatures,  not  only  carbonates,  but  likewise  nitrates^  sulphates  n.; 
indeed  the  salts  of  all  acida  which  are  more  volatile  than  itaelt 


Borle  Aoid* 

Oride  of  Boron  and  Hydrogen.  Boracic  Acid.  Stl  eedatirum  Homhrrtyn.  R ' 
narcoticum  vitrioli.  H"B6»  or  3H'0.B'^0'.  —  This  acid  is  formed  by  the  oxicbtion  >A 
boron  in  presence  of  water,  e.  q.  by  the  action  of  nitric  acid  ot  aqua-regia  on  Ixjivki 
also  by  dissolving  the  anhydride  in  water.  It  occurs  native  in  the  free  Btate  in  m^jr 
volcanic  districts,  especially  in  Tuscany,  where  it  issues  from  the  earth  together  wiij 
Tapour  of  water,  and  is  found,  either  as  an  effloresence  in  the  neLghl>ourlic>od  of  M 
aprings,  or  dissolved  in  the  water  of  small  lakes  or  lagoons  {La<[ur,i\  fyrrae«j  hv 
the  vapours  themselves.  It  is  also  found  in  small  quantity  in  several  luinera]  W4t.:>. 
viz.  in  the  boiling  spring  of  Wiesbaden ;  in  the  iodine-water  of  Kmnkenbei]  u^ 
Folz,  and  of  the  Kaiser  spring  in  Aachen ;  in  the  mother-liquor  of  tlie  aait-^irji;*  ^t 
Bex  (Baup),  and  in  several  hepatic  waters.  A  few  borates  are  also  fouud  u\  triturf 
(p.  626),  especially  borax,  the  acid  borate  of  sorlium,  which  exists  in  tho  w.>iit>r.i 
certain  lakes  in  Central  Asia. 

Preparation.  —  On  the  small  scale,  boric  acid  is  prepared  from  l>onix.  3  \<k  ^f 
crystallised  borax  are  dissolved  in  12  pts.  of  boiling  water,  and  to  the  hlttTtNl  )f.A'iu  o 
is  added  1  pt.  of  strong  sulphuric  acid,  or  so  much  hydrochloric  a<'id  that  the  1:41.1 
strongly  reddens  litmus.  The  great<?r  p:irt  of  the  boric  acid  then  separates  on  c-  i  •.: 
in  cr}'stalline  scales,  and  a  larger  quantity  may  be  obtained  by  evaporating  the  m'uh*-. 
liquor.  The  crystals  retain  a  certain  portion  of  sulphuric  or  hydrocliloric  acid;  fw  j 
the  latter  they  are  easily  fivid  by  gentle  heating  and  recrystollisation.  To  obt*;u 
them  free  from  sulphuric  acid,  they  must  be  fused  in  a  pUtinum  cmcible,  and  tiiCL 
recrystallised. 

Formerly  all  the  boric  acid  of  commerce  was  obtained  from  borax.  It  was  fiH 
separated  in  1702  by  Horaberg,  who  prepared  it  by  heating  borax  with  calcine<lfirr<w 
sulphate  in  closed  vessels,  whereby  sodio-ferric  sulphate  was  forraeU.  and  borie  f.J 
was  carried  over  with  the  watery  vapour  which  escapt^d.  Boric  acid  may  al*o  be  prej^iffj 
by  the  decomposition  of  other  native  borates,  e.g.  borate  of  magnesium  (i.raiiM, 
and  borate  of  calcium  and  sodium  {boronatrocafciti ). 

Preparation  on  the  large  scale  (Pay en,  Precis  de  Chimie  indu«trielle,  4"*  Ai 
1859,  i,  423). — All  the  boric  acid  of  commerce  is  now  obtained  from  the  volrAii : 
district  of  Tuscany,  where  it  is  discharged  from  the  interior  of  the  earth  by  nara«^'!j 
jcta  of  vapour  called  suffioni,  often  rising  in  thick  columns  to  a  considerahle  htiii;/. 
The  entire  surface  of  the  district,  consisting  of  chalk  and  marl,  is  subject  to  coa^tac' 
shocks  caused  by  subterranean  agencies ;  and  columns  of  boiling  water  are  &^ain'i; 
projected  into  the  air,  which  is  aiso  strongly  impregnated  with  sulphuretted  hT<ir<> 
gen.  These  vapours  contain,  besides  aqueous  vapour,  carbonic  acid,  sulpliy'ri.' 
acid,  nitrogen,  hydrogen,  a  gaseous  hydrocarbon,  and  sometimes  oxygen,  t<^^^*'  ir 
with  a  small  quantity  of  boric  acid  and  much  solid  matter  c^irried  u^t  mechiuri.aLiY. 
Ch.  De^alle  and  F.  Leblanc  found,  in  the  vapour  of  one  of  tho  suffioui  about  91  per 
cent.  CO*,  4  per  cent  H^S,  and  5  per  cent,  nitrogen  and  combustible  gaxes. 

The  vapours  which  issue  ft^om  the  clefts  do  not  contain  any  appreciable*  quacti^v  (if 
boric  acid,  but  where  pools  are  formed  round  tlie  suflBoni,  either  artificiiilly  or  h\ 
natural  condensation  of  the  vapours,  the  water  soon  becomes  chained  with  b<7ric8c! 
Probably  the  greater  part  of  the  acid  is  first  deposited  on  the  eidw*  of  the  c!^'l> 
before  it  reaches  the  surface,  and  when  water  penetrates  into  tht-jn,  the  aciJ  is  uiv 
solved  and  thrown  up  in  the  state  of  solution. 

To  obtain  the  bone  acid,  the  suffioni  are  surrounded  with  basins  of  coarsw*  mas^r-.. 
glazed  on  the  inside,  and  large  enough  to  enclose  two  or  three  suflioni.  A  son***  of  tr;- 
basins  are  constructed  on  the  hill-side,  and  into  the  uppcrmoMt  A  B  {,fig.  106),  the  v.it.  • 
of  a  spring  is  turned,  and  after  remaining  there  24  hours,  during  wliich  time  it  i«  k^ ; 
in  a  state  of  constant  agitation  by  the  subteiTanean  vapour,  it  is  miide  t«»  pat-s  thr^-'i. 
the  tube  a,  into  a  second  basin  C  D,  where  it  likewise  remains  24  bourse  and  t.*k  >  i.| 
a  second  quantity  of  boric  acid;  thence  it  passes  successively  by  the  pij^es  //,  ^  ii" 
the  third  and  fourth  basins,  the  liquid  discharged  frf>m  a  "lower  basin  Ixinjr  '-"i 
'  tinually  supplied  from  the  one  above  it     WJieii  the  liquid  haa  thus  trjivtr^d  su 
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M,  whfrB  it  depo»iUi  I  quantity  of  mucl,  and  aftenrardB  iDto  two  emsUcr 
,  K.  for  furtJifr  ekrificntion.  From  K  it  putts  into  a  (erin  of  leadeo 
in  section  in  fig.  106  and  in  pka  in  Jy,  107,  placed  one  abore  the  other 
Tof  letraees  on  ■  wooden  Kafbld.  Formeilj  these  pons  were  hrated  hj  wood 
.is  was  found  too  costly,  the  diatrirt  being  nesrly  bsre  of  wood ;  tbaevHpo- 
r  perfonned  by  meuu  of  the  Bubtcrranfja  heal,  odb  or  mora  of  the  jeta 
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losed  in  pipes  being  Hinddcled  between  the  fonndation  and  the  hotlom  of 
he  steam  enter*  beneath  tbe  bottom  pain,  and  is  famed  re^iularlj  upwards, 
lownt  pans,  which  contain  the  most  concentrated  liquid,  become  most 
■  mode  of  utilising  tbe  subletranean  hent  was  introduced  in  1817,  b; 
■el.  at  that  time  the  proprirtor  of  sll  the  lagoons,  and  had  the  effect  of 
n  unprofitable  branch  of  induBtrr  into  one  which  is  now  tbe  source  of 
1th. 

nn  of  appamtns  for  the  erapomtion  is  shown  in/^.  109.  The  liqni>1, 
the  vaacos  A,  B,  passes  into  a  shallow  bdin  C,  from  which  it  is  mude  ti> 
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tnlttet,  gradiullj  e^   , 

degree  of  coaceatzatioD  fit  (br  emUllitttion.    Heat  u  __,, , 

nf  tbeBuffioniintrod^ediuider  tEabuii)  F,  and  eairiid  ^  nndar  th»  itlMtaf  IndtoC 
Tliis  method  of  erupontioD  ii  ewier  thvi  tlw  {nosdiii^  ud  doaa  bM  ist 
niDch  lead  into  the  aolatioa. 

The  wlution  of  boric  *eid  coneeotckted  bj  either  of  thcM  maUiad^  is  di 
with  the  motLei-liqnor  of  »  pncediiiK  oparatioii,  and  poured  thnnigh  th«  f 
into  the  nrand  eiyBtalliuiig  tiU»  8,  S,  (j^  107  108. 1 10)  whioh  are  m-^-  -*  - 


leofvwdlii^ 


Fig.  111. 


Fig.no. 


Willi  li^d.  TliK  OTj'iitals  are  taken  out  after  airhile,  andpheed  to  drain  in baikeO^ I, 
im  the  top  of  <!i«  tabs,  the  mother-lii^uor  mnmng  into  KceiToa  pU^fd  nndcElhalM 

LiiHtl;,  the  rryatols,  vhile  still  mout,  ue  apnad  oat  an  tlM  flMir  C  C,  of  th«  dE]4| 
chimbfrD  iju}.  111).  ThU  chamber  hae  a  doable  floor,  and  ii  heated  bj  atMMal^ 
ing  at  A,  and  inicnlating  bctweea  the  tiro  Boon. 

Tho  product  thas  obtained  it  far  horn  pun,  not  containing  num  tlian  almtf  Tl  |* 
cent  of  boric  acid.  The  compoaition  of  the  erode  add,  amotding  to  tl>e  analjvi  rf 
WitlBtein  and  Payen,  is  u  followa: 


Crystallised  boric  acid 
Frrric  sulphate    . 
Sulphate  of  aluminium 
SalphatP  of  calcium 
ftiilphatc  of  nutgneaium 
Sulphate  of  ammonium 
8ulphate  of  sodjnm 
Sulphate  of  potaasium 
Sulphnti!  of  manganese 
Chloride  of  ammonium 
Silica  .... 
Sulphuric  acid    . 


7fl3 


6-6 


7«ioM° 


7-OtoMt 
idandlOpir 


Schmidt  found,  in  crude  boric  acid  &«m  Tuaeanj, 
cent,  impnritiea,  cbipflj  the  snlphatM  of  ammonium 

Broirell  found  in  nome  BampieB,  not  more  than  36  to  43  per  cent,  of  the  poi  na 
[?  crystallised  nr  anhj-droua].  The  experience  of  the  French  manniketaww  of  bota^ 
Kvcois  to  sliov  that  the  impurities  in  boric  acid  from  Tnscanj  become  grMtftjearW 
y»r,  wliich  ma;  perhaps  be  due  to  the  increaaing  diriategration  of  thl  MitLf  etntt 
hj  the  aqueous  and  acid  vapout^ 

Of  the  ori^D  of  the  vapoan  by  vhlch  the  boric  acid  ii  Inaaght  to  tha  anrlaee,  aothiM 
eertain  is  kunim.  Dumas  has  suggested  that  they  may  proceed  bom  k  dwpJMtW 
bed  of  sulphide  of  boron,  vith  vbich  the  water  of  lakes,  or  of  the  aea,  oomea  in  (oabA 
thereby  prodnoiag  boric  and  iulphjdrie  acids.  Fart  of  the  borie  acid  mMj  tfan  bs 
MppoKed  tA  act  upon  the  carbonates  of  calcium  and  magneaium  in  tha  aoil,  e<       ''~~ 
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\\^m  iiito  borates,  and  setting  tne  carbonic  anhydride.  The  sulphiiretti'd  hjdrogen 
.'ing  oxidiited  by  the  air,  yields  free  sulphur,  which  is  deposited  on  the  edges  of 
iic  suffionL  The  ammonia  and  oiganic  matter  are  deriyed  from  the  water,  and  the 
liline  impurities  frtmi  the  water  and  the  earthy  strata,  through  which  the  yapours 
lako  their  way.  BoUey  supposes  that  tiie  bone  acid  and  ammonia  may  result  from 
ho  action  of  solution  of  sal-ammoniac  at  a  boiling-heat,  on  borates  contained  in  the 
artii :  aud  according  to  Warington,  the  formation  of  these  products  may  be  ascribed  to 
lie  action  of  water  on  nitride  of  boron.  There  is,  howeyer,  nothing  positiye  to  indi- 
ate  the  nature  of  the  particular  compound  or  compounds  of  boron,  to  which  the  elimi- 
lation  of  the  boric  acid  is  really  due. 

Pnrpertias. — Boric  acid  ciystalliaes  from  water  in  white,  trnnslucent,  nacreous,  six- 
i(]<Ki  lamins,  somewhat  unctuous  to  the  touch;  it  is  inodorous,  and  has  a  faints 
t'.-irccly  acid,  rather  bitterish, cooling  taste.    Specific  grayity  «-  1*48.    It  dissolyes  in 

57  part*  of  water  at  18®  C. ;  in  14*9  parts  at  25^  in  10-7  parts  at  60<*.  in  4*7  parts 
X  75^,  and  in  2*97  parts  at  100^.  (Brandes  and  Firnhaber.)  It  is  still  more 
oluble  in  alcohol  and  in  yolatile  oils. 

Boric  acid  dissolyes  in  warm  concentrated  sulphuric,  nitric,  or  hydrochloric  acid,  but 
^parates  for  the  most  part  on  cooling,  or  on  addition  of  water.  Its  solubility  in  water 
8  increased  by  addition  of  tartaric  add,  tartrate  of  potassium,  Kochelle  salt,  racemic 
icid,  or  alkaline  racemates. 

The  crystallised  add  heated  to  80*' — 100°  C,  gives  off  21*8  per  cent  water,  that  is  to 
ay,  half  the  quantity  which  it  contains,  leaving  H'B*0*  or  3H'0.2B*0*  (according  to 
vhaffgottfoh,  it  gives  off  nearly  all  its  water  at  100*^  C.) ;  by  prolonged  heating  to 
160°  it  is  deprived  of  2  at  water  more,  leaving  H*B*0'  «•  H*0.2B*0*,  and  at  a 
trongpr  heat,  the  remaining  water  goes  o£^  leaving  the  anhydride  BK)",  as  a  fused 
riscid  mass,  which  solidifies  to  a  fissured  glass  on  cooling  (p.  636). 

Reaciiona. — ^A  cold  saturated  aqueous  solution  of  boric  acid  colours  litmus-tincture 
fine-red  (the  tint  of  port  wine),  like  carbonic  add,  but  a  hot  saturated  solution 
olours  it  bright  red.  Turmeric  paper  moistened  with  the  alcoholic  solution  of  boric 
icid  acquires  a  reddish-brown  colour,  quite  different  from  that  produced  by  alkalis, 
ind  becoming  distinct  only  after  diying:  it  is  intensified  by  adds,  especially  by 
lydrochloric,  sulphuric,  nibic,  and  tartaric  adds,  and  turned  black  by  alkalis. 

The  alcoholic  solution  of  boric  acid  bums  with  a  beautiful  green-edged  flame,  a 
•eaction  which  is  quite  characteristic  of  boron,  provided  copper  and  certain  chlorine- 
'ompounds  are  absent  This  green  colour  is  not  produced,  however,  when  the  add  is 
n  combination  with  an  alkali  or  other  base ;  and  its  production  is  partly  prevented 
>y  the  presence  of  chloride  of  sodium  or  calcium,  and  even  by  small  quantities  of  tar- 
rate  of  potassium  or  Kochelle  salt  (doubtless  because  these  salts  are  partly  decomposed 
)y  the  Itoric  acid,  and  neutralise  it),  also  by  free  tartaric  acid  or  phosphoric  acid.  In 
>ither  of  these  cases,  the  green  colour  appears  on  addition  of  sulphuric  add,  or  of  a 
>on£iderable  quantity  of  hydrochloric  acid  (H.  Rose,  Pogg.  Ann.  di.  545V  It  must 
ye  observed,  however,  that  a  green  flame,  though  of  a  more  bluish  tint,  is  produced 
^hen  hydrochloric  add  itself  is  dropped  into  burning  alcohol    (See  p.  630.) 

For  the  reactions  with  metallic  salts  see  p.  640. 

Borate*.    (Berzelius,  Trait^  yoL  i — iv.    Qm.  vol.  i — vi.    Handw.  d.  Chem. 

t**  Aofl.  ii.  [2]  303.    H'  Rose,  Pogg.  Ann.  ix.  76 ;  Ixxxvi.  581 ;  Izxzvii  1, 470  and 

>87;  Ixxxyiu. '  299,  482;  zcl  452.    Wohler,  ibid,  xxviii.  525.    Rammelsberg, 

W.  Ixix.  445.    Ebelmen,  Ann  Ch.  Phys.  [3]  zxxiii.  34.    Herapath,  Ann.  Ch. 

r'harm.  Ixxii.  254.    Bolley,  t^.  Izviii  122.    Laurent,  Ann.  Ch.  Phys.  [2]  Ixvii 

!15.    Tissier,  Compt  rend,  xxxix.  192;  xlv.  411.     Blozam,  Chem.  Soc.  Qu.  J. 

[IL  177 ;  xiv.  143.) — ^^ric  add  forms  salts  in  which  the  proportion  of  anhydrous  base 

M'O)  to  anhydrous  add  (B*0'),  or  of  metal  to  boron,  ranges  between  the  limits  9 : 1  and 

.  :  6.    Those  which  contain  equal  proportions  of  base  and  add  are  usually  regarded 

IS  neutral  or  normal  borates,  the  rest  as  basic  or  add.    The  following  proportions 

»ave  been  observed : 

Baaks.  Neutral.  Acid. 

9MH).B*0«                  MH).BH)«  2M«0.3BH)« 

6MK)3H)«  M»0.2BK)« 

9MK).2BK)«  MH).3B*0« 

8M»0.B«0»  MK).4B«0« 

5MH).2BK)»  M«0.5BH)« 

2M«03«0«  M*O^B»0« 

8MH).2B«0» 

Most  of  the  so-called  add  borates,  however,  contain  several  atoms  of  water;  and  if 
jie  whole  or  part  of  this  water  be  regarded  as  basic,  we  shall  find  that  nearly  all 
x)ratee  may  be  arranged  in  two  olasses,  orthoborates  and  metaborates  (so  called 
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ehloride  of  barium,  chloride  at  calcium,  alum,  snlpliate  of  rinc  and  nitrate  of  lead;  red* 
duh  with  sulphate  of  cobalt ;  greenish  with  sulphate  of  nickel ;  yellowish  with/erriic  sul- 
phate in  the  cold,  brown  on  boiling.  These  precipitates  dissolve  easily  in  sal-ammoniac ; 
and  if  they  have  been  produced  by  an  acid  borate  of  alkali-metal,  borax  for  example, 
they  dissolve  pretty  reaaily  in  an  excess  of  the  salt  from  which  they  have  been  obtained ; 
The  preripiUtes  formed  by  neatral  borates  of  alkali-metal  in  the  same  solutions  ex- 
hibit simiuur  characters,  excepting  that  they  are  less  soluble  in  excess  of  the  earth- 
metal  or  heavy  metal  salt. 

Solution  of  borax  or  of  monoborate  of  sodium,  does  not  precipitate  sulphate  of 
mofpttMum  in  the  cold ;  but  on  heating,  a  precipitate  forms  which  disappears  again  on 
rf*oliug;  completely;  if  formed  by  the  acid  borate;  nearly,  if  by  the  neutral  borate. 
Both  neutral  and  add  borates  of  alkali-metal  form  with  manganous  salts,  a  precipitate 
insoluble  in  excess  of  the  latter,  easily  soluble  in  sal-ammoniac 

Dilute  solutions  of  neutral  borates  of  alkali-metal  form  with  nitrate  of  silver^  a 
brown  precipitate  of  neariy  pure  oxide  of  silver,  insoluble  in  excess  of  water,  easily 
ftoluble  in  cmmonia  or  nitric  acid.  A  concenti^ated  solution  of  neutral  borate  forms 
with  Hilver-salts,  a  brown  precipitate  which  dissolves  in  a  large  quantity  of  water, 
leaving  only  a  slight  residue  of  oxide  of  silver.  Concentrated  solutions  of  acid 
bori^tes  of  alkali-metal  form  with  nitrate  of  silver  a  white  precipitate  of  borate  of 
sil  wr,  coiupU'tely  soluble  in  a  large  quantity  of  water.  Borate  of  ammonium  forms  a 
wliito  precipitate  in  concentrated  silver-solutions,  none  in  dilute  solutions. 

Soluble  borates,  whether  neutral  or  acid,  give  with  mercuric  cklortde,  a  brown 
^•rcoij)it^te  of  oxvchloride,  insoluble  in  excess  of  the  mercury-salt.  Concentrated 
polutions  give  with  neutral  mercurous  nitrate^  a  yellow-brown  precipitate,  soluble  in 
much  water:  dilute  solutions,  a  blackish -my  precipitate  which  remains  long  sus- 
pended. Basic  mercurous  nitrate  forms  with  a  strong  solution  of  borax,  a  dingy, 
y*>llow- brown  precipitate  which  dissolves  in  a  large  quantity  of  water,  leaving  black 
miTcurous  oxide. 

If  the  solution  of  a  calcium  or  magnesium  salt  be  mixed  with  excess  of  boric  acid, 
an<l  to  the  boiling  solution  borax  be  added  in  quantity  just  sufficient  to  neutralise  the 
acid  of  the  calcium  or  magnesium  salt,  no  precipitate  is  formed ;  similarly  with  salts 
of  nmn)2:anous,  ferrous,  cobalt,  nickel,  cadmium  and  zinc  salts;  but  solutions  of 
Mluminium,  chromicum,  ferricum,  stannicum,  lead  and  copper,  yield  precipitates  when 
thus  treated.    (Tissier.) 

l**or  the  reactions  of  borates  with  fluorspar  and  acid  sulphate  of  potassium  before  the 
blowpipe  (see  p.  630). 

Borates  of  AmioNnTM.  — ^A  solution  of  alum  mixed  with  alkaline  borates  yields 
preci  pita  tee  whic'n,  according  to  H.  Kose,  are  double  salts  of  borate  of  aluminium  and 
borate  of  the  alkali-metal  mixed  with  sulphate  of  potassium;  water  abstracts  the 
pn*e^ter  part  of  the  latter  and  of  the  alkaline  borate,  leaving  a  basic  borate  of  aluminiunu 
In  this  manneiv  the  precipitate  produced  by  monosodic  borate  yields  sexbasic  borate 
of  ftluminium,  2A1*0*.B<0*  +  3aq.  »  eoTCB^O*  +  8aq.  [al  -  }A1],  which  may  also 

be  re^^irded  as  an  orthoborate  combined  with  3  at  hydrate  of  aluminium  =  AffB^O*. 
8a/^H'0'. — By  adding  acid  borate  of  sodium  (borax)  to  solution  of  alum,  a  precipitate 
is  formed  containing  8A1»0«.2B«0»  +  7aq.  =  9ar0.2B»0«  +  7aq.  or  2(«r)»B*0«. 
8arH*0«  +  4aq. 

Kb«lraen,  by  heating  a  mixture  of  alumina  and  borax  for  a  long  time  in  a  porcelaiii 
furnace,  obtained  a  nonobasic  salt  8A1«0«.B«0«  -  9arO.B«0«  or  (ar)«B*0*.6arO. 

BosATBS  OP  Ammontum. — Boric  acid  forms  with  ammonia,  several  salts  which  may 
all  be  regarded  as  metaborates,  expre^ssed  by  the  general  formula  M*B*0^,  the  n  at.  M 
being  made  up  partly  of  ammonium,  partly  of  hydrogen. 

a.  (KH*)^B*0*  is  obtained  by  saturating  crystallised  boric  acid  with  dry  ammonia 
gra«,  or  by  dissolving  one  of  the  following  salts  in  warm  concentrated  aqueous  ammonia. 
The  salt  obtained  by  the  former  process  contains  4  at.,  that  by  the  latter  I  att  water 
of  crystallisation. 

h.  (NH*)HB'0*'f  |aq.  cr^'stallises  from  a  solution  of  boric  acid  in  excess  of  am- 
monia, in  vetT  efflorescent  crystals  of  the  dimetric  system,  soluble  in  12  pts.  of  water. 
It  efflorefices  like  the  preceding,  giving  off  part  of  its  ammonia. 

c.    (NH^)H'B*0'4  2aq.  is  obt^ed,  according  to  Arfvedson,   by  dissolvinff  boric 

acid  in  warm  caustic  ammonia,  till  the  alkaline  reaction  is  nearly  nentraliseo.    The 

liqnid,  if  slowly  cooled,  deposits  rhombic  crystals,  exhibiting,  according  to  Schabus, 

the  faces  oP .  P .  ooP.  oo  P  oo,  and  often  assuming  a  prismatic  form  from  the  predomi- 

joazice  of  oP  and  of  fbur  P-faces  situated  in  the  same  zone ;  sometimes  twin  crystals 

occujr.     It  is  permanent  in  the  air,  dissolves  in  8  pts.  of  cold  water,  gives  off  ammonia 

on  boiling,  and  leaves  boric  anhydride  when  ignited.    A  salt  called  Larderelfite,  of  si* 

jTiilar  constitution,  but  containing  less  water  of  crystaUisation,  viz.  ^NH*)HB*0*  +  Jaq, 

"«%  it«    found  by  Bechi  in  the  boric  acid  formations  of  Tuscany,  in  yellowish-white, 

tra.iifipan'nt,  tasteless  erystals,  exhibiting  under  the  micrcBcope,  the  form  of  rectangular 
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tablets,  and  by  polarised  light  the  optical  appeannoes  of  mtm.    It  ^msAm  h 
vater,  bat  the  solution  when  eraporated  deposits  the  salt  (NH^)H*B'0>*'t-2a^ 

d,  (NH*)H<B»0»»  +  faq.  (Laurent)  +  2 aq.  (Rammelsberg).  Pint  prppned  by 
L.  Gmelin,  -who,  howeyer,  supposed  it  to  -oontain  4  at.  boric  acid  to  1  at  uuBOBa 
(HandbooK  ii  436).  According  to  Bammelsbezg,  howcTer,  it  has  the  wmpomikm 
above  giyen,  and  is  isomorphous  with  the  csvrespondin^  potaaaiuni-flalt.  Acootdiag  to 
Laurent,  it  is  obtained  by  dissolving  excess  of  boric  acid  in  aqueous  ammonia  and  re> 
crystallising.  It  forms  small  shining  prisms  of  the  monoclinie  system,  geo^nUj  jQ 
crucifonn  groups.  It  is  permanent  is  the  air,  dissolves  in  about  8  pts.  of  cold  litfr. 
and,  Uke  the  preceding  salts,  has  an  alkaline  reaction.  The  solution  gives  off  ammm 
when  boiled,  and  the  residue  solidifies  to  a  granular  cxystdline  mass,  wfakh  ii  po 
manent  in  the  air,  and  appears  to  contain  6  st.  boric  acid  to  1  at.  ammonia. 

«.  (NH^)'H^'O'*  +  aq.  is  obtained  by  dissolving  boric  add  ia  aqiuoos  sidiboqU. 
(Arfvedson.) 

A  solution  of  borate  of  ammonium  has  been  successfully  used  for  rendering  mulm 
and  other  light  fabrics  non-inflammable.  When  tissues  thus  impregDAted  ate  beld  in 
the  flame  of  a  candle,  they  are  merely  carbonised,  the  water  and  ammooia  vbkrh 
escape  preventing  the  communication  of  the  flame.  If  the  contact  with  the  flaiM  U 
prolonged,  the  boric  acid  melts  and  forms  a  glassy  varnish  round  the  chaired  tune, 
which  prevents  it  from  taking  fire. 

Borate  of  Aktl.    See  Borzo  Ethers  (p.  649). 

Borates  op  Barittm. — ^Boric  acid  ignited  with  excess  of  hydtmte  of  bsrimn  expeb 
8  at.  water,  and  forms  the  triharytic  ortftoborate^  Ba*(BO')'.  Heated  with  txas&  of 
carboDAte  of  barium  it  expels  2  at.  carbonic  anhydride  at  a  dull  red  haiit,  and  2(  at 
at  a  bright  red  heat,  forming  the  anhydrous  salts,  Ba^'B^O*  -  2Ba''O.BK)'  and  J3«'ii*0» 
«  5Ba'X).2B*0».     (Bloxam.) 

By  precipitating  barium-salts  with  borates  of  the  alkali-metals,  borates  of  Wriica 
are  obtained,  mostly  as  white  crystalline  powders,  differing  in  composition  accordinfr 
to  the  composition  and  relative  proportions  of  the  salts  employed,  the  iempenv> 
ture  of  the  solutions,  and  the  oiiration  of  the  washing.  They  are  probably  tU 
metaborates. 

a.  Monometahorate,  Ba''(BO*)*  +  lOaq.  (or  possibly  a  monobazytic  orthobonte, 
Ba"fi^(BO')*  +  8aq.)  was  obtained  by  Berzelins  by  precipitating  chloride  of  barium  v;i)k 
monoborate  of  potassium.  According  to  H.  Kose,  when  prepared  from  cold  BolatioiM. 
and  dried  at  100°  C.  after  pressure  between  paper,  but  without  washing,  it  haa  th« 
composition  Ba"(BO*)'  +  aq.,  and  when  precipitated  from  very  hot  solutions  itccmtaiBs 
more  than  laq.,  but  less  than  2aq.  To  drive  off  all  the  water  requires  a  strong  beat 
The  salt  dissolves  in  cold,  and  more  readily  in  hot  water,  especially  in  pieseooa  of 
ammoniacal  salts,  and  therefore  cannot  be  completely  washed. 

b.  Sesguimetaborate.  Ba*H(BO')'  +  7aq.— Laurent  obtained  this  salt  by  znixiog  a 
solution  of  chloride  of  barium  with  pentaborate  of  sodium,  under  drcumstaocei  en 
particularly  specified.  According  to  H.  Rose,  the  precipitate  obtained  by  mixia; 
chloride  of  barium  with  an  acid  borate  of  alkali-metal  has,  when  dried  at  100®  C^  tla 
composition  Ba"H:*(BO«)'«  +  7aq. 

c  IHmetaboraie,  Ba'Ti^BO*)^  +  4aq.,  is  precipitated  in  white  flocks  when  a  soh£ia 
of  nitrate  of  barium  is  added  by  drops  to  excess  of  solution  of  borax  mixed  vitli 
ammonia.  It  dissolves  in  100  pts.  of  water,  more  easily  in  ammoniacal  salta  aad  ia 
excess  of  chloride  of  barium.    (Laurent.) 

d.  TnmeiaboraU,  Ba'H^CBO')'  +  12aq.— Precipitated  as  a  white  crystalliw 
powder,  when  a  warm  solution  of  nitrate  of  barium  is  added  by  drops  and  vi'i 
stirring  to  excess  of  pentaborate  of  sodium. 

Borates  of  Cadmxhx.— The  precipitate  formed  on  mixing  the  cold  solotioni  uf 
borax  and  sulphate  of  cadmium  contains,  after  being  merely  pressed,  the  mtmchoniUt 
Gd''(BO')'»  mixed  with  a  small  quantity  of  an  add  salt.  The  precipitate  from  boiliog 
solutions  consists  chiefly  of  20d''(BO*)*.Cd"H*0'  +  2aq. 

Borates  of  Calctom.  a.  Orthobarate.  Ca'B«(BO*)«  (dried  at  lOQO  C.).-Th*  fo^ 
mula  might  also  be  that  of  a  monometaborate,  Ca'XBO')*  +  2HH>,  but  the  first  riev  of 
its  constitution  is  the  more  probable,  inasmuch  as  the  salt  gives  oflf  1  aL  H  aa  wtlrr, 
only  at  200^  C,  and  is  not  completely  dehydrated  even  at  300^.  It  is  prwlti(«d  hf 
precipitating  chloride  of  calcium  with  monoborate  of  sodium,  probably  also  vhra 
eolation  of  borax  is  precipitated  by  lime-water.  .  It  is  somewhat  soluble  in  water,  u^» 
is  decomposed  by  hot  water. 

b.  SMquimetaharaie,  Ca''H(BO*)',  appears  to  be  precipitated,  together  with  Tanabli 
quantities  of  the  dimetaborate,  when  calcium-salts  are  mixed  with  solntioo  of  bcm 
(H.  Bose^.  A  similar  composition  appears  to  belong  to  rhodiciie,  a  mineral  (sodd  si 
the  Ural,  in  small,  hard,  shining,  yellowish- white  crystals  of  tetrahedra]  hibit  b 
kas  not  been  exactly  analysed,  but  appears  to  contaiinSB  to  3Ca.    (O.  Bo»«.) 
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e.  Diittetaboratet  Ca'^*(BO^^ — Obtained,  acoordiog  to  Tannermann,  when  borax  u 
precipitated  by  nitrate  of  calcinm.  It  occurs  also  as  a  white,  efflorescence  composed  of 
crystalline  needles  containing  6  at  water,  on  the  plain  of  Iquique  in  Ecoador,  South 
America,  forming  the  mineral  called  boritcaleUe^  KydroborocalciU  or  kayesite  (Ulez). 
Bechi  found  a  calcic  dihorate  with  3  aq.  in  an  old  lagoon-crater  in  Tuscany. 

d.  TUrameUthoToU.  Ca''H*(BO0*  +  3aq.— Precipitated  on  boiling  milk  of  lime 
with  excess  of  boric  add. 

Borate  of  calcium  occurs  associated  with  silicate  of  calcium  in  batryolUe  and  datoliU 
(^.  v.),  and  with  magnesia  in  hydroboraette  {q,  v.), 

BoBATB  or  Cobalt  is  probably  contained  in  the  glass  fluxes  formed  with  cobalt- 
compounds  and  borax.  Cold  solutions  of  a  cobalt-salt  and  borax  yield  a  reddish  pre- 
cipiute.  which,  after  drying  at  100^  C,  consists  chiefly  of  2Co''(B0'')'.Co''H*0'  +  3aq. 
It  is  soluble  in  water,  and  melts  to  a  blue  glass  when  strongly  heated. 

Borates  of  Coppbb. — It  is  difficult  to  obtain  these  salts  in  a  definite  state.  Sul- 
phate of  copper  mixed  with  solutions  of  alkaline  borates  yields  precipitates  consisting 
of  compounds  of  borate  and  oxide  of  copper  mixed  with  sulphate  of  soda  and  basic 
sulphate  of  copper,  which  are  decomposed  by  water,  leaving  a  residue  composed  of 
oxide  and  borate  of  copper,  but  with  less  boric  acid  than  the  original  precipitate. 
Cold  concentrated  solutions  of  cupric  sulphate  and  monoborate  of  sodium  yield  a  pre- 
cipitate which,  after  w<ishing,  consists  of  Cu"H'0*.2Cu"(B0')'  +  2aq.  The  precipitate 
from  the  same  eolations  mixed  hot  is,  after  washing,  Cu"H'0^2Cu'*(B0'')'.  That 
obtained  in  like  manner  from  cold  concentrated  solutions  of  cupric  sulphate  and  borax 
is  an  orthoborate  coutaininp;  1  at.  copper,  via.  (Cu''H)BO'  +  |aq.  The  same  pre- 
cipitate is  obtained  from  hot  concentrated  solutions  of  cupric  sulphate  and  borax, 
especially  if  the  copper-salt  is  in  excess.  It  is  a  loose  blue-green  powder,  sparingly 
soluble  in  water,  but  decomposed  by  water,  leaving  the  compound  Cu  (B0'')'.3Cu''H-0' 
■«-  aq.  Cold  dUuts  solutions  of  the  same  salts  yield  a  precipitate  containing  5Cu  to 
4B  and  lOH,  while  the  precipitate  from  hot  dilute  solutions  contains  5  or  6  at.  Cu  to 
1  at.  B. 

BoUey  has  suggested  the  use  of  the  green  precipitate  obtained  from  cold  solutions 
of  2  pts.  cupric  sulphate  (blue  vitric^)  and  3  pts.  borax,  as  a  substitute  for  the 
arsenical  greens  used  in  painting,  paper-staining,  and  calico-printing. 

BoBATB  OF  Ethtl.    See  Boric  Bthsbs  (p.  650). 

BoBATBS  OF  iBojf .—/Vrric  mononuiaborate,FeK)*.3BHy  +  8aq.  or/<?^(BO»)«  +  3aq., 
has  not  been  prepared  artificially,  but  has  been  found  by  Bechi  in  an  old  lagoon-crater 
in  Tuscany:  hence  called  Lagunite. 

Ferric  orthohoraU,  Fe*0".B'0«  or/«^BO»)«  [/«  =  §Fe],  is  not  known  in  the  separate 
state,  but  only  in  combination  with  borate  of  sodium  or  with  ferric  oxide.  On  mixing 
a  solution  of  ammonioferric  sulphate  (ammonia-iron-alum)  with  monometaborate  of 
so<iium,  a  bulky  precipitate  is  formed,  which,  after  being  pressed  betwaen  paper,  but 
not  washed,  is  a  sodio-ferric  borate  containing  NaB0*.2^B'0*  +  3aq.  Cold  water 
abstracts  boric  acid  and  borate  of  sodium,  leaving  an  oxyborate,  which,  after  drying 
at  100<»  C,  is  6FeH)'.B«0»  +  6aq.  or  16/s''0/««B«0«  +  6aq.  By  precipitating 
ammonioferric  sulphate  with  borax,  a  light  brown  bulkv  precipitate  is  formed  con- 
Uining  NaH»B*0'.?A'B*0«  +  aq.,  and  reduced  by  washing  with  water  to  'Ztfi'O. 
/e*B*0*  t-  »aq.  or  9Fe«0*.B*0"  +  9aq. 

Borates  of  Lrad. — a.  The  monometaborate,  Pb''(BO')'  +  aq^  is  obtained,  according 
to  Herapath,  when  the  precipitate  formed  by  borax  in  a  neutial  lead-salt  is  digested 
for  some  hours  with  strong  ammonia.  It  is  said  also  to  be  produced  when  a  solution 
of  basic  acetate  of  lead  is  partially  precipitated  by  borax,  and,  according  to  H.  Rose, 
by  washing  with  cold  water  the  precipitate  formed  on  mixing  the  cold  solutions  of 
borax  and  nitrate  of  lead.  It  is  a  white,  amorphous,  heavy  powder,  insoluble  in  water 
and  in  alcohol,  soluble  in  dilute  nitric  and  in  warm  acetic  acid,  from  which  solutions 
it  is  precipitated  by  ammonia.  It  gives  off  some  of  its  water  at  120^  C,  the  whole  at 
160^,  and  at  a  red  heat  melts  to  a  colourless  glass,  of  specific  gravity  6*698. 

b.  The  Hequmetaborate,  Pb''HBH)*  -¥  faq.,  formed  by  adding  a  large  excess  of  borax 
to  a  boiling  solution  of  a  lead-salt,  resembles  the  preceding,  gives  off  1  at  water  be- 
tween 170^  and  200''  C,  and  melts  to  a  colourless  glass,  of  specific  gravity  5*236. 
(Herapath.) 

c.  IH/Jtetaboraie,  Pb*^*(BO*)^  -^  3aq.,  obtained  by  boiling  the  salt  6  with  borax, 
light  amorphous  powder,  which  gives  off  its  water  between  200^  and  230*^  C,  and  at 
a  led  heat  melts  to  a  vitreous  mass  (Herapath).  When  100  pts.  lead-oxide  are 
fused  with  64  pts.  bdic  anhydride  (1  :  2  at.),  a  nearly  colourless  glass  is  obtained  as 
hard  as  flint-glass,  and  possessing  much  higher  refractive  power. 

Basic  borates, — ^According  to  H.  Rose,  the  precipitates  formed  with  nitrate  of  lead 
and  either  mono-  or  di-borate  of  sodium,  are  frequently  basic  salts,  probably  mixtures 
of  monoborate  and  hydrate  of  lead,  varying  in  composition  according  to  the  strength 
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of  the  solutions  and  the  duration  of  the  washing.  Hot,  Tery  dilnto  solutions,  frv^  % 
precipitate  to  which  Eose  assigoa  the  formula  3(PbO.B-0»)  -»-  PbO.H*0  or  3Pb''(i>«^^^r. 
Pb''H«0»  +  aq. 

Borochloride  of  Lead,  Pb''(BO*)*,Pb*Cl'  +  aq.,  is  obtained  by  mixing  hot  8olutj/.n4 
of  borax  and  chloride  of  lead,  and  crystallises  in  very  small,  irregular,  nacxetj^u 
needles,  which  are  not  decomposed  by  cold  water,  but  gradually  by  boiling  wai«r.  It 
gives  off  all  its  water  between  120°  and  150^  C. 

Boronitraie  of  Lead,  Pb"(BO»)«.Pb"(NO»)^  is  deposited  in  irregular  ehioing  crpul-, 
from  a  solution  of  borate  of  lead  in  nitric  acid,  evupor^ited  till  a  film  fomis  oa  tL« 
surface.  At  120°  0.  the  crystals  give  off  wat^r  and  a  little  nitric  acid,  a^nd  at  a 
higher  temperature  evolve  nitrous  acid  and  melt  to  a  colourle&s  glass. 

Borate  op  Lithium. — Boric  acid  heated  to  bright  redness  with  carbonate  of  lithium, 
expels  2\  at.  carbouic  anhydride,  forming  the  salt  5Li*0.2B-0'.     (Bloxam.) 

Borates  of  MAONssiuif.  a.  Orthoborate,  Mg*(BO')*. — Ebelmen  obtAJnwl  thti 
salt  by  fusing  magnesia  with  boric  anhydride,  and  exposing  the  vitreous  iu;i«s.  in  a 
platinum  dish,  to  the  strongest  heat  of  a  porcelain  furnac4*  for  several  daya,  till  tK'i 
excess  of  boric  anhydride  was  volatilised.  It  formed  radiating  nacr^ouit  cry«u^l*,  ii 
specific  gravity  2987.  It  is  also  obtained  as  a  hydrate.  M^{BO*y  -f  I'onq..  ly 
boiling  a  mixture  of  borax  and  sulphate  of  magnesium,  and  washing  the  prt*cipilai<« 
(which  contains  borate  of  sodium,  magnesia,  and  hydrate  of  magnenium)  with  old 
water.  When  boiled  with  water,  it  gives  up  part  of  its  acid,  and  leaves  a  ba^ic  k*\x 
which  absorbs  carbonic  acid  from  the  air.  The  precipitate  formed  by  boiling  sulphate 
of  magnesium  with  borax,  redissolves  completely  on  cooling. 

b.  Manometaborate^Mg'iTiO'y, —  Obtained  as  an  amorphous  precipitate  containing 
2  at.  water,  on  mixing  the  hot  solutions  of  borax  and  nitrate  of  magnesium  (Laurent.. 
The  same  salt,  but  with  4  at.  water,  was  obtained,  according  to  Wohler^  when  a  mixtd 
solution  of  borax  and  sulphate  of  magnesium,  which  had  been  heated,  and  had  alt^r- 
wards  become  clear  by  cooling,  was  left  to  itaelf  for  several  months  in  winter  in  a 
place  where  the  temperature  often  fell  below  0°  C.  It  formed  slender  radial .r^ 
needles,  insoluble  in  water,  soluble  in  dilute  acids^  reprecipitatdd  in  nee<ilei»  L>v 
ammonia,  giving  off  water  and  becoming  turbid  when  heated.  Boracite,  from  Srtrtberjj 
in  Holstein,  appears  to  be  a  monoborate  of  magnesium,  while  th;it  from  LunelM-rg  :« 
a  mixture  or  compound  of  3Mg  '0.4B*0«,  or  3Mg"(B0-)-.B'0"  with  Mg^'CR 

c  Trimetafforate,  Mg''H*(BO'^)*  +  6aq.,  separates,  according  to  Rammclsl)er^  ii 
crystalline  crusts,  when  a  concentrated  solution  of  boric  acid  is  boiled  with  «arbi»ii?*t« 
or  hydnite  of  magnesium  and  the  filtrate  is  evaporated. 

d.  Tetrametaborate,  Mg"H«(B02)»  +  2aq.— This,  according  to  Laurent  is  the  tf«  m- 
position  of  the  last  crops  of  crj'stals  deposited  when  a  solution  obtained  by  bo:Ljt,g 
boric  acid  with  magnesium  is  left  to  evaporate  spontaneously. 

e.  Hexmetaborate,  Mg"H"'(BO'^)'«  +  13aq.— Granular  asdt  obtained  by  heat-n^ 
hydrate  of  magnesium  with  excess  of  boric  acid;  melta  to  a  porcelain-like  nu -'. 
(liammelsberg).  Perhaps  a  mixture  of  one  of  the  preceding  aalta  wuh  ir^c 
boric  acid. 

3fa^n««to-cArowtc5ora<tf.— Asaltcontaining6Mgf"0.3Cr*0'.2B^'  is obtAi L«r^i 
by  heating  for  five  days  in  the  porcelain  furnace  a  mixture  of  20  grm.  chr^»mic  \>x\  V, 
16  grm.  magnesia,  and  20  grm.  boric  anhydride,  being  deposited  in  tlie  civitits  of  t  '^ 
fused  mass  in  grass-green  microscopic  cr>'8tal5',  of  specific  gravity  3  82.    (Ebelmen) 

Magnesio-ferrio  Borate,  6Mg"0.'3Fe»0'.2B«0«,  is  obtained  by  fusing  in  like 
manner  a  mixture  of  26  grm.  ferric  oxide,  20  grm.  magnesia,  and  26  grm.  b^ic  anhy- 
dride, in  small,  black,  prismatic  crystals,  of  specific  gravity  8'86. 

BoRATK  OF  Methyl.    See  Bobic  Ethers  (p.  660). 

BoBATB  OF  Nickel.  Cold  solutions  of  borax  and  sulphate  of  nickel  yield  a  preci- 
pitate of  Ni"(BO0'  +  2aq.  or  Ni"H*(BO»)«,  from  which  cold  water  ab«tracta  bon« 
acid,  leaving  a  salt  containing  2Ni"(B0*)*.Ni"H''0*  +  4j\q.  By  boiling  for  aoioe  timv 
with  borax,  this  precipitate  is  converted  into  the  dimetaborate,  Ni'H^BO*)*. 

Borates  of  Potassium. — a.  The  monometahoraU,  KBO*,  is  formed  by  iaeltir.ir 
together  70  pts.  (1  at.)  boric  anhydride  and  138  pts.  (1  at.)  carbonata  of  potas»iuzn 
It  melts  at  a  white  heat,  has  a  caustic  alkaline  taste,  dissolves  in  water,  and  atpArairt 
slowly  from  the  solution  in  ill-defined  crystals  which,  according  to  Schabus,  are  mono- 
clinic.  The  solution  should  be  evaporated  out  of  contact  with  the  air,  as  it  abw>rb« 
carbonic  acid.  Boric  anhydride,  heated  to  redness  with  excess  of  hydrate  of  potaasaum, 
expels  2  at.  carbonic  anhydride,  forming  the  salt  K*B»0*  =  2K«0'B»0».     (Bloxam  ) 

b.  The  dimetaborate^  KHB^O*,  is  prepi^red  by  supersaturating  a  boiling  solution  of 
carbonate  of  potassium  with  boric  acid,  and  then  adding  pure  potash  in  uufticn-nt 
quantity  to  produce  a  strong  alkaline  reaction.     It  crj-stallises  sometimes  with  2<i«4-, 
sometimes  with  2iaq.    The  hydrate.  KHB^*  +  2aq.,  forms  regular  six-sided  rrt^rr- 
winch  dissolve  readily  in  water  with  strong  alkaline  reaction,  and  sw^ll  up  cansideraUj 
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irhc:.  heated.  The  other  hjdiate,  KHB  O^  +  faq. :  formB  risht  rhombic  prisniB  of 
98<>  :i5',  with  bftsic  bnu*hydijiffonal  end-faces  It  behaves  like  the  former  hydrate,  but 
when  kept  in  a  closed  vessdC  separates  into  a  liquid  and  a  solid  salt,  apparently  the 
hydrate  with  2aq. 

c  IrimdahoraU,  KHTBK)**  3aq.  or  perhaps,  tri-orthoborate,  KH"B'0».— ObUined 
like  the  preceding,  bat  with  a  snuuler  quantity  of  caustic  potash.  Separates  in  rect* 
angular  prisms,  with  four-sided  pyramidal  summits.  Permanent  in  the  air;  melts 
without  much  tamefaction.     (Rammelsberg.) 

£  Ptntametaborate^  KH'B^O**  +  2  aq. — Formed  when  a  boiling  solution  of  carbonate 
of  potassium  is  mixed  with  a  sufficient  quantity  of  boric  acid  to  produce  a  strong  acid 
reaction.  The^  solution  on  cooling  deposits  small  shining  prisms,  isomorphoas  with 
the  correspouding  ammonium-salt  Permanent  in  the  air,  sparingly  soluole  in  oolo, 
easily  in  hot  water;  neutral.     (Rammelsberg.) 

BoR^TBs  OF  SiLYEB — The  precipitates  formed  in  solution  of  nitrate  of  silver  by 
alkaline  borates  vary  in  composition  according  to  the  dilution  and  temperature  of  the 
the  solutions.  ^^  dilute  solutions,  especially  if  hot,  yield 'a  precipitate  of  pure 
oxide  of  silver  (H.  Kose).  A  moderately  dilute  silver-solution  mixed  with  a  strong 
solution  of  borax,  yields  a  flocculent  precipitate  of  the  monometaboraie  AgBO^  which 
when  dry  is  a  white  powder  blackened  by  li^ht  It  dissolves  in  a  large  quantity  of 
water,  but  is  decomposed  by  a  small  quantity ;  melts  at  a  eenlle  heat.  The  same 
salt  is  obtained  as  a  curdy  dirty  yeUow  hydrate,  AgBO'  •<-  f aq.,  on  mixing  concen- 
trated solutions  of  nitrate  of  silver  and  monoborate  of  sodium,  or  boiling  concentrated 
solutions  of  silver-salt  and  borax.  It  is  decomposed  bv  washing  with  water,  especially 
if  hot,  which  ultimately  leaves  nothing  but  oxide  of  silver. 

Acid  borates  of  silver  have  not  yet  been  obtained  pure.  Bose  states  that  cold  con- 
centrated solutions  of  nitrate  of  silver  and  borax  yield  a  white  precipitate  containing 
SAg'O  to  4B'0',  and  alter  washing  with  a  little  cold  water,  which  turns  it  brown, 
4.A4r'0  tofiB'O*.  According  to  Laurent,  nitrate  of  silver  yidds  with  pentaborate  of 
potassium,  an  acid  borate  of  silver  which  decomposes  partmlly  in  washing. 

B0IL&.TB9  OF  SoDiuic. — Boric  anhydride  fUsed  with  excess  of  hydrate  of  sodium 
expels  3  at.  water  and  forms  trisodic  orthoboratet  Na'BO* 

»K)*  +  6NaH0  =  3HH)  +  2Na"B0» 

(Bl  ox  am,  Chem.  Soc  Qu.  J.  xiv.  143).  Fused  with  excess  of  carbonate  of  sodium  at  a 
bright  red  heat,  it  expels  \\  at.  carbonic  auhydride  and  torms  Na*B*0*  or  3Na'0.2B*0': 

2B«0*  +  3Na»C0"  «  Na«B^O»  +  3C0«. 

(Arfvedson,  Ghnelin^s  Handbook,  iiL  87  ;  compare  Bloxam,  Chem.  Soc.  Qu.  J.  xii. 
186).  By  fusing  borax  with  excess  of  carbonate  of  sodium,  Arfvedson  found  that  1  at. 
anhydrous  borax  expelled  3  at.  carbonic  anhydride  producing  a  dibasic  borate  of 
sodium  or  tetrasodic  borate:  Na^BH)»  or  2N'a*0.B«0«: 

Na*0.2BH)»  +  3(Na«0.C0*)  «  3C0«  +  2{2NaK).BK)*), 

1  at.  carbonate  of  sodium  fused  with  1  at  boric  anhydride  yields  anhydrous  motu*^ 
in'  tabarate  of  sodium,  NaBO*  or  Na-O.B*0*,  and  with  2  at  boric  acid  anhydride,  it 
yields  anhydrous  acid  borate  of  sodium,  Na»B*0'  -^  Na'K).2B-0'  =  2NaBq«.B*0». 
The  aqueous  solutions  of  both  these  salts  vield  crystalline  hydrates  which  might  be 
regarded  either  as  orthoborates  or  metaborates,  but  are  most  probably  the  latter. 
Respt^cting  the  behaviour  of  the  tri-  and  tetrasodic  borates  in  the  hydrated  state, 
nothiog  appears  to  be  known. 

3fonometaborate  or  Neutral  Borate  0/  SodiumjT^aBO\ia  produced  by  heat- 
ing 62  pts.  of  crystallised  boric  acid,  or  191  pts.  crystallised  borax, with  53  pts.  of  anhy- 
droua  carbonate  of  sodium  at  a  heat  near  the  melting  point  of  silver.  The  unfused  mass 
thus  obtained  dissolves  in  water,  with  rise  of  temperature ;  and  by  cooling  the  hot  but 
not  saturated  solution,  the  hydrated  salt  NaBO*  +  4aq.  (or  possibly  NaH'BO*  +  3aq.) 
crystallises  in  large  oblique  rhombic  prisms  with  lateral  angles  of  130^  and  70^^. 
It  has  a  caustic  al£uine  taste,  and  quickly  absorbs  carbonic  acid  from  the  air,  both  in 
the  solid  state  and  in  solution ;  but  on  boiling  the  solutions^  the  carbonie  acid  escapes. 
At  57^  C.  it  melts  in  its  water  of  crystallisation^  and  after  the  liquid  has  cooled  for 
Bome  time  the  hydrate  NaBO'  -i-  3aq.  separates  in  indistinct  crystals.  At  a  stronger 
heat  it  givea  off  all  its  water,  and  forms  a  friable  tumefied  mass,  which  absorbs 
carbonic  acid  from  the  air. 

Dimeiaborate  or  Acid  Metaborate  of  Sodium.  Na«B<0^=2NaB0«.B«0«,or 
Na^O.2B'0*.  Biborate  qf  Soda,  Borax.— ^Thia  salt  is  obtained  in  the  anhydrous  state 
by  fusing  124  pts.  crjrstallised  boric  acid  with  53  pts.  anhydrous  carbonate  of  sodium, 
or  by  heating  crystallised  borax.   (A  process  for  obtaining  borax  on  the  large  scale  bjf 
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heating  boric  anhydride  with  carbonate  of  aodium  has  been  patented  hf  Saalko 
Nov.  20th,  1843).  In  contact  with  water,  it  passes  into  the  hydrmted  aUte,  azkd 
crystallises  firom  ita  aqneoua  solution,  either  with  6  or  with  10  at  water,  according  to  the 
temperature.  The  former  hydrate  ia  octahedral  borax;  the  Utter,  prismatic  or 
ordinary  borax. 

Borax  is  found  native  in  several  localities^  riz.  at  Halberstadt  in  Tnuxsylrania.  at 
Viquintizoa  and  Escapa  in  Peru,  in  the  mineral  springs  of  Chambly,  St.  Oia%  6^ 
Canada  West,  but  more  particularly  in  certain  salt  lakes  of  India,  Thibet,  and  other 
parts  of  Asia,  whence  the  greater  part  of  the  borax  of  commerce  was  formerly  obtaineil 
The  salt  separated  £rom  these  waters  by  evaporation,  either  natural  or  assisted  by 
artificial  contrivances,  ia  sent  to  Europe  as  crude  borax  or  tincal,  sometimes  ia 
large  regular  crystals,  but  more  frequently  as  a  white  or  yellowish- white  mass,  whi:?h 
is  very  impure,  containing  lime,  magnesia,  and  alumina,  and  likewise  ooveied  over 
with  a  greasy  substance  (said  to  be  added  to  diminish  the  riak  of  breakage  duriBg 
transport).  According  to  analyses  by  Bichardion  and  Browell,  crude  Indum  borj^x 
eontains : 

Boric  acid  (anhydrous)         .        .        .    22*88 

Soda  „  ....    12*69 

Chloride  of  sodium       ....       0*92 

Sulphate  of  sodium       .        •        .        .0*13 

Sulphate  of  calcium      .        .        .        .1*36 

Insoluble  matter 17*62 

Water 4460 

100-00  100-00  100-00 

The  purification  or  refining  of  this  crude  Asiatic  borax  has  been  carried  on  from 
very  early  times  in  various  seaport  towns  of  Europe,  especially  at  Venice,  and  mord 
lately  at  Amsterdam.  Great  pains  have  always  been  taken  to  keep  the  process  seeivt, 
but  two  methods,  one  with  lirne  and  the  other  with  soda^  have  become  known  : — 1.  TLe 
tincal  is  macerated  in  a  small  quantity  of  cold  water,  and  stirred  about,  with  gradiiji 
addition  of  1  per  cent,  of  slaked  lime,  the  turbid  lime-water  being  poured  off  from 
time  to  time,  and  when  it  has  clarified,  again  poured  upon  the  crystals.  This  treat- 
ment removes  the  greater  part  of  the  soapy  compound,  and  the  rest  is  decomposed  by 
adding  2  per  cent,  of  chloride  of  calcium  to  the  solution  of  the  ciTBt4Lls  in  hot  water. 
The  insoluble  lime-soap  thus  formed,  is  removed  by  straining,  and  the  clear  liquid  ib 
evaporated  to  the  density  of  21°  Beaum^. — 2.  The  powdered  tincal  is  placed  in  a 
tub  with  holes  in  the  bottom,  and  washed  with  a  solution  of  caustic  soda  of  specific 
gravity  1*034,  then  drained  and  dissolved  in  water,  and  12  per  cent,  of  soda  ad^i^ 
to  precipitate  the  earths,  after  which  the  solution  is  strained  and  evaporated.  The 
crystallisation  is  effected  in  wooden  vessels  lined  with  lead,  having  the  form  of  short 
inverted  cones. 

The  greater  part  of  the  borax  used  in  the  arts,  is  now  prepared  in  France  by  treat- 
ing the  native  boric  acid  of  Tuscany  with  carbonate  of  sodium,  according  to  a  method 
first  practised  by  Payen  and  Cartier.  1300  kilogrammes  of  crystallised  carbon-^te 
of  sodium  are  dissolved  in  1600  litres  of  water  in  a  wooden  vessel  lined  with  leai; 
the  liquid  is  heated  to  the  boiling  point  by  a  jet  of  steam,  and  1200  kilogrammes 
of  crystallised  boric  acid  are  added.  The  density  of  the  solution  varies  according 
to  the  degree  of  purity  and  dryness  of  the  boric  acid  used ;  it  is  brought  to  a  certam 
strength  by  adding  borax  or  water  as  required,  then  left  at  rest  till  the  insoluHe 
matters  have  settled  down,  and  finally  transferred  to  the  crystallising  vejwf'ia.  wb)^^^ 
are  rectangular  wooden  boxes  lined  with  lead,  6  metres  long,  1*7  met,  wide,  and  0*6  mt=L 
deep.  The  formation  of  prismatic  or  of  octahedral  borax,  depends  upon  the  density 
of  the  solution,  and  the  temperature  at  which  the  crystallisation  t.akes  place. 

a.  PrisTtuiticoT  Ordinary  Borax,  NaHB«0*  +  faq.  or  2NhHB-0*  +  9aq.  orNa'0.2B*0« 
+  lOaq. — To  obtain  this  hydrate,  the  solution,  after  all  the  carbonic  acid  ha»  r^capfd, 
should  have  a  density  of  21°  or  22°  B.  (specific  gravity  1*14  to  1-16),  and  shonld  *t«oil 
at  104®  C.  (220°  F.)  It  is  left  to  crystallise  for  two  or  three  days,  the  cryutaliisatioa 
being  finished  when  the  thermometer  in  the  interior  of  the  vessels  stands  at  25^  \o 
30^  5.  (77°  to  86°  F.)  The  crystals  thus  obtained,  are  freed  from  mothei^liquor,  th«i 
dissolved  in  boiling  water  together  with  ^  of  their  weight  of  crystallised  carbonate 
of  sodium,  to  separate  any  remaining  earths,  and  the  strained  liquid  is  concentrated  U 
21°  or  22°  B.  and  left  to  crj'stallise  as  before.  The  mother-liquor  is  then  drawn  off 
as  rapidly  as  possible  with  wide  syphons,  and  that  whieh  remains  amongst  the  Kii^.»j$ 
of  the  crystals  is  soaked  up  with  sponges,  so  that  no  small  crystals  minr  deposit  up:>& 
the  larger  orss.  The  whole  is  then  covered  and  left  at  rest  for  several  hours,  to  aroiii 
the  formauon  of  cracks  in  the  crystals,  which  would  be  occasioned  bj  the  aoccM  of 
oold  air. 
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The  mother-liqiior  it  diluted  with  water  and  oaed  ia  a  tabie^oent  operatioii  for 
di^kMlring  the  boric  acid  and  carbonate  of  sodiun.  After  three  or  ftmr  operations,  it 
eontains  a  conaidenble  quantity  of  sulphate  of  sodium ;  but  on  cooling  it  to  30^  GL 
{86'^  F.)t  borax  cnrstalliaes  out  alone,  ^e  sulphate  remaining  in  solution.  The  last 
mother-iiquon  yield  by  evaporation  an  impure  borax,  which  is  used  in  glass-making. 

Considerable  quantities  of  borax  are  also  prepared  firom  the  natire  borate  of  calcium 
and  sodium  {Boronair<h<ml€iie\  from  South  Amerioat  by  decomposing  it  with  carbonate 
of  sodium,  either  in  the  wet  or  in  the  dry  way. 

Artificial  borax  is  for  the  most  part  purer  than  Ihat  obtained  from  natire  tincal  by 
the  refining  process,  but  the  oystals  often  contain  cracks,  and  split  when  heated,  in 
the  direction  of  their  natural  cleaTage^  which  is  a  great  inconrenienoe  when  the  borax 
is  used  for  soldering,  as  it  causes  the  crystals  to  fly  off  from  the  surface  of  the  metaL 
This  fault  is  partiiUly  corrected  by  slow  recnrstalfisation  from  a  rather  concentrated 
solution ;  but  it  is  more  effectually  remedied  by  the  addition  of  a  small  quantity  of 
tincal  before  recrystallisation.  (For  further  details  of  the  manufacture  of  borax, 
see  ITr^t  JXctionarjf  of  ArU^  Manufaeiurea^  and  Minrs,  i  379 ;  Handwarterbueh  der 
Chrmu,  2*«  Aufl.  iL  [a]  320 ;  Prieia  de  ChimU  indusiriiUe  par  A,  Pai/en,  4-*  ed.  L  436.) 

The  impurities  generally  found  in  artificial  borax,  are  carbonate  of  sodium,  small 
quantities  of  sulphates,  chlorides,  and  salts  of  calcium  and  magnesimn.  It  is  some- 
times purposely  adulterated  with  alum  and  common  salt  It  should  dissolye  in  about 
2  pts.  of  hot  Water,  and  exhibit  no  effervescence  when  treated  with  acids.  The  aqueous 
solution  should  remain  perfectly  clear  on  addition  of  alkali,  and  when  acidulated 
with  nitric  acid,  should  not  be  clouded  either  by  chloride  of  barium  or  nitrate  of 
silver. 

The  proportion  of  soda  in  borax  may  be  estimated  by  colouring  the  solution  with 
litmus,  ana  adding  a  standard  solution  of  sulphuric  acid,  till  a  bright  red  colour  is 
produced  (p.  631),  and  firom  the  amount  of  alkali  thus  determined,  the  quantity  of 
boric  add  may  be  calculated. 

Prismatic  borax  forms  large  transparent  prisms,  of  the  monoclinic  system,  generally 
combinations  of  a  nearly  rectangular  prism,  having  the  acute  and  obtuse  lateral  edges 
truncated.  The  crystals  efiloresce  in  the  air  (according  to  Sims,  only  when  they  con- 
tain carbonate  of  sodium).  When  heated,  they  melt  in  their  water  of  crystallisation, 
swelling  up  considerably,  and  solidifying  to  a  loose  spongy  mass  called  burnt  or  cal- 
cined borax  {Borax  usta);  at  a  red  heat,  the  salt  fuses  to  a  colourless  anhydrous 
glass  of  specific  grsTity  2^86,  called  vitrified  borax.  This,  if  pulverised  and  ex- 
posed to  the  air,  gradually  absorbs  10  at.  water,  reproducing  ordinary  prismatic  borax. 

/S  Borax  with  6  at,  water,  Na«0.2B*0*  +  6aq.  or  NaHBH>«  +  faq.— Found  by 
Bochi  in  an  old  lagoon  crater;  not  yet  obtained  artificially. 

y.  Borax  with  6  at.  water.  Octahedral  Borax,  Na«0.2F'0»  +  feq.  or  NaHB^O*  +  2aq. 
(or  possibly  N»iH*BK)*). — To  obtain  this  salt,  the  solution  (p.  64fi)  is  concentrated 
to  a  sir^n^th  of  30^  B.(  specific  gravity  1*246),  and  left  to  cool  very  slowly  in  a  warm 
place.  The  crystallisation  begins  at  79°  C.  (174°  F.),  and  as  soon  as  the  temperature 
of  the  liquid  has  fidlen  to  66°  C.  the  mother-Uquor  must  be  quickly  withdrawn,  because 
at  that  temperature  prismatic  borax  begins  to  crystallise  out  After  a  few  hours,  the 
crusts  of  the  octahedral  salt  are  removed  and  dried  in  the  air.  The  crystals  are 
n^guLir,  transparent  octahedrons,  harder  and  less  fragile  than  ordinary  borax;  they 
have  a  concho'idal  fracture,  and  specific  gravity  i-  1*8.  They  are  unalterable  in  dry 
air,  but  in  a  moist  atmosphere,  they  absorb  water,  and  are  converted  into  prismatic 
borax.  When  heated,  they  fuse  to  an  anhydrous  glass  with  less  intumescence  than 
common  borax,  and  without  splitting^.  On  this  account,  octahedral  borax  is  better 
adapted  than  common  borax  for  many  purposes,  as  for  soldering  and  as  a  fiux ;  its 
smaller  proportion  of  water  (30  per  cent,  that  of  common  borax  being  47  per  cent) 
also  diminishes  the  cost  of  transport  Nevertheless,  prismatic  borax  is  generally  pre- 
ferred by  consumers,  probably  because  they  are  used  to  it,  and  it  is  sold  at  a  lower 
price,  weight  for  weight 

8.  Amorphous  Borax,  KaHBK)*  +  aq. — Obtained  by  evaporating  a  solution  of  borax 
at  100°  C. 

Borax  is  easily  soluble  in  water,  but  insoluble  in  alcohol  Poggiale  found  that  100 
parts  of  water  at  various  temperatures,  dissolve  the  foUowing  quantities  of  prismatio 
Dorax: 

at  0^  a    .       .    2*8  ptB.  at  60°  C.    .        .    27*4  pta. 

10  .        .    4*6  60  .        .    40*4 

20  .        .    7-9  70  .        .    67*8 

80  .        .  11*9  80  .        »    76*2 

40  .        .  17-9  90  •        .  119-7 


and  at  the  boiling  heat,  201*4  parts. 
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BOEOH:  OXIDE. 

B  lolntion  has  a  aligtit  alkaline  reaction,  sad  thangn  tli 
ilcohtflic  solution  of  turmeric  to  brosTi :  on  ■ddiiig  >  nn. 
,  the  jellow  colour  is  reslorpd;  but  a  larger  addilioa  of 
aciil  free,  which  tlien  proilutes  the  peculiar  red-brown  col 

ailj  decompofied  by  acids.  Etcd  water,  when  prwnl  i 
ructa  part  of  the  bnae.  lo  that  a  dilute  aolulion  of  acid  U 
miiture  of  boric  and  the  neutral  borate,  or  ercn  free  an 
>WD  precipitate  with  allrer-Balls  (p.  S41).  A  solution  oi 
;esB  of  hydrochloric  acid  leaves  a  mixture  of  chloride  of  si 
t  also  sbsorba  carbonic  acid  when  oipo«ed  to  the  air.  ot 
it.  and  on  adding  alcohol  to  the  liquid,  when  Batumi--] 
:  BPparHlea  from  it.  A  snlution  of  Immi  raturaled  wit 
1  mixed  with  alcnhol.  sepBratrs,  on  addition  of  ether,  into 
ng  sulphide  of  aoJium,  the  upper  free  boric  acid. 
iB  with  many  of  the  weaker  uciihi.  double  aalta  in  which 
;  H9  a  buHe  to  the  other  acid.  Tliua.  with  artmious  ami 
empirical  formula  is  3NHH).6HsO'.aAB"0'+  lOaq.  It  ni 
lium  (see  p.  633).  When  1  at,  /arlaric  acid  a  mixed  ii 
3ric  acid  aepnratea  out  on  cooling;  if  the  quantity  of  li 
reascd,  the  quHnlity  of  boric  acid  aeparuted  likewisa  inc 
but  beyonil  that  it  diminishea.  and  at  last  no  further  sepi 
ee.  Here  also  the  boric  acid  seema  to  play  the  part  of  be 
^see  TABTRATEa).  Acid  tartraie  of  pntaeaiwn  bIbo  fbmiB 
Of  silicic  acid,  a  solution  of  borax  dissolve*  bat  a  mere  tr 
nnie,  and  gallic  acidi  dissolve  in  botai -solution  more  r 
'  inM>lulde  sa1*tances.  f.g.  tiearic  and  other  fatly  ir 
(her  iT<in». dissolve  in  horai-Bolutinn  aa  readily  a»  in  we»i 
cting  ip  fact  just  hke  a  mixture  of  boric  acid  and  fref  alk: 
at,  on  the  other  hand,  the  boric  acid  in  borax  readily  i 
Jlic  oxides,  forming  fusible  double  aalti:  hence  the  greai 
;  end  assaying  operations,  and  for  soldering.  The  Co 
take  the  form  of  IranBjiarent  glassfs  of  various  cfilonrB, 
and  delicate  tesls  for  the  sev.Tal  mi-tals:  hence  the  n 
ysis.    It  is  ab<o  used  in  the  formation  of  easily  fusible 

•  of  the  metal,  a  mixture  of  quartt,  felspar,  clay,  and  bi 
th  a  ghiie  containing  bomx.      A  glaiingof  1  pt.  day,  1  ] 
I  aim  u»i-d  inxtend  of  lead-pliizing  fur  alone-ware, 
ewiae  used,  tli"uch  not  lo  any  e^cat  extent  in  medicine, 
xtemal  or  internal,  or  for  the  formation  of  pharmBceutiti 

itahorati  of  Sodium.     NaH'B'OU  laq.  — Produced  ! 

2N"aHB'0'  -r  NU'O  -  NaH'B'O'  +  NaCI  *  Km 
om  the  ttllrate  by  slow  evaporation  in  milk-white,  trauFf 
e  crusts ;  disHjlvee  in  fi  to  S  pta,  water  of  mean  ti.-mperali 
on  ;  yieliia  a  precipitate  of  boric  acid  on  addition  ot  a  ddut 
ihcdfrom  borax;  melts  when  heated,  with  lees  tumefactioi 
ley,  Ann.  Ch.  Fliarm.  Ixviii.  122.) 

ftahoralr.  Kall'It'O"- Jaq.  — Prepared  by  dissolvli 
e  acid  in  hot  water,  and  sepuratea  from  the  snIutioD  in 
ronndiab  musses;  tlicy  do  not  suffer  any  loss  of  weicht  a 
water  of  eryslallisatinn  but  slowly  at  higher  temptmtu 
rent  assigned  the  empirical  formula  Na"ll"0"  + 6oaq.  ij 


SNaHB'O'  +  H'SO'  -  Na'SO'  +  NaH>B"0'». 
thus  formed  does  not  redden  HtmuB;  but  if  1  st.  mnp 
,  all  the  boric  acid  is  set  lr.-e,  and  the  mixture  exhibiti 
proiluced,  which,  however,  another  drop  of  Bulpliuric  B.-i' 
ght-red  (Laurent,  Ann.  Cb.  Phj-s.  [:;J  lavii.  218).    J 
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U  perhaps  alio  fgrmed  wlien  aqueoiu  borax  is  mixed  wHIi  borie  mad  till  the  liquid  no 
ioii^(»r  exhibita  a  basic  reaction.  This  solmtion  is  said  to  jrield  by  eraporation 
rahuiiir  crystals,  having  a  cooling  taste  like  nitre,  a  neutral  reaction,  ana  giving  off  30 
\^r  cent,  water  when  mdted.  (Tun nermann.) 

/Juratf.  of  Sodium  and  Calcium.  Na«Ca'^XBO«)«  +  18aq.— Such,  with 
iiililition  of  1*9  per  cent  chloride  of  cilcium,  i«,  accoxding  to  Helbig  (Chem.  Centr. 
I8')8.  p.  494),  the  composition  of  a  mineral  from  South  America,  known  in  commerce 
AS  *'  bon&te  of  lime,"  and  forming  irregular  nodules,  mainly  composed  of  a  net- work  of 
translucent  crystals.  Stein  reguds  it  as  identical  with  the  hydroboroealcite  of  Hayes 
and  the  boronatrocaldte  {q,  v.)  of  Ulex. 

Borate  of  Sodium  and  Magnesium,  NaMg^H>(BO*)*  +  14aq.  (Bammels- 
berg). — Separates  by  spontaneous  evaporation,  f^m  a  mixture  of  the  cold  aqueous 
solutions  of  borax  and  sulphate  of  magnesium,  in  large,  shining,  efflorescent,  mono- 
clinic  crystals.  It  dissolves  in  cold  water,  forming  an  alkaline  solution  which  is  not 
precipitated  by  ammonia,  but  becomes  turbid  when  boiled,  clear  again  on  cooling.  If 
the  liquid,  after  boiling  for  some  time,  be  quickly  filtered,  the  residue  consists  of  basic 
borate  of  magnesium. 

BoRATxs  OP  draoimxTM.  1.  Ortkohorate^  Sr^BO*)*. — Obtained  by  heating 
boric  anhydride  to  redness  with  excess  of  hydrate  or  carbonate  of  strontium. 
(Bloxam,  Chem.  Soc.  Qu.  J.  xii.  xiv.  142.) 

2.  Metahoratee. — The  monoborate  has  not  been  obtained.  Strontium-salts,  pre- 
cipitated by  borax  in  the  cold,  yield  a  precipitate,  which  when  pressed  between  paper 
and  dried  at  100*^  C,  has  the  composition  Sr'HXBO')**  -f  6aq.,  gives  off  2  at.  water 
at  200°,  and  the  rest  at  300^,  and  is  partially  decomposed  by  hot  water,  the  residue 
probably  consisting  of  the  sesquiborate,  Sr^B*0*. 

The  dtTnetaboraU,  Sr''H«(BO«)*  +  8aq.  (at  100*>  C),  is  said  to  be  precipitated  from 
boiling  solutions  of  borax  and  chloride  of  strontium.  It  has  an  alkaline  reaction  ; 
dissolves  in  180  pts.  of  pure  water,  more  easily  in  presence  of  ainmoniacal  salts ;  gives 
off  3  at.  H  as  water  at  280°,  the  remaining  atom  at  a  red  heat,  leaving  the  anhydrous 
salt  Sr^r^O'  -  Sr^0.2B«0«  ( -  Sr^H'B^O'  -  H«0). 

The  tetramitaborate,  Sr*H*(BO')^  +  3aq.  is  obtained,  according  to  Laurent,  by 
lx>iling  the  preceding  with  excess  of  boric  acid,  and  evaporating  the  filtrate.  Penta- 
borate  of  potassium  also  precipitates  strontium-salts,  but  the  precipitate  has  not  been 
examined. 

BoBATi  or  Znrc- 
precipitate  consisting 

decomposed  by  washing  with  cold  water,  leaving  a  basic  salt  —  4Zn''(BO*)*.6Zn*H'0* 
+  4aq.  (at  100°  C).  A  solution  of  a  zinc-salt,  mixed  at  the  boiling  heat  with  borax 
and  boiled  for  some  time,  yields  a  precipitate  consisting  of  a  similar  basic  borate, 
mixed  with  basic  sulphate  of  zinc 

Boric  Ethers. 

Borates  of  Amtl.  a.  Orthoborate.  (C*H")*BO«  (Ebelmen  and  Bouquet, 
Ann.  Ch.  Phys.  [3]  xvii.  61). — Produced  by  the  action  of  chloride  of  boron  on  amylic 

alcohol : 

3(C*H'».ff.O)  +  BCl"  -  3Ha  +  (C»H»>)'BO». 

When  vapour  of  chloride  of  boron  is  passed  into  amylic  alcohol,  hydroehlorie  add  ia 
evolved,  and  the  liquid  quickly  separates  into  two  layers,  the  upper  of  which,  when 
decanted  and  distilled,  passes  over  almost  wholly  between  260^  and  280°  C,  and  when 
again  rectified,  yields  pure  tri-amylic  borate.  It  is  a  colourless,  oily  liquid,  having  a 
specific  gravity  of  0*87  at  0°  C,  and  a  faint  odour  like  that  of  amylic  alcohol;  it  bums 
with  a  green-edged  fiame,  and  boils  between  270°  and  276°  C.  Vapour-density,  by 
rxperiment,  *  10*65;  by  calculation  (2  voL)  *•  9*46.  Water  decomposes  it,  yielding 
boric  acid  and  amylic  alcohol 

b.  The  metaborate  of  amyl,  C'H'^BO',  has  not  yet  been  obtained. 

c.  Acid  borate,  2C*H"B0».BK)«  or  (C»H'»>«0.2BH)«  (Ebelmen.  Ann.  Ch.  Phys. 
[3]  xvi.  139),  is  obtained  by  pouring  2  pts.  of  amylic  alcohol  on  1  pt.  of  boric  anhy- 
liydride,  heating  the  mixture  to  about  180°  C,  exhausting  it  with  anhydrous  ether, 
distilling  off  the  ether  from  the  decanted  ethereal  solution,  and  heating  the  residual 
liquid  to  260 — 270°  C,  to  free  it  from  fusel-oil.  The  acid  amylic  borate  thus  ob- 
tained, is  a  clear,  slightly  yellowish  liquid,  having  an  odour  like  that  of  fhsel-oiL  It 
may  be  heated  to  300°  C.  without  alteration,  but  is  decomposed  at  higher  tempera- 
tures.    It  bums  with  a  green  fiame. 

When  fusel-oil  is  heated  to  300°  C.  with  excess  of  boric  anhydride,  a  colourless  liquid 
paipcs  over,  which  bmells  like  amylic  alcohol,  and  begins  to  boil  below  100°;  but  tha 


-Sulphate  of  zinc,  precipitated  hj  borax  in  the  cold,  yieldi  a 
chiefiy  of  monoborate  of  zinc,  Zn'(BO*)',  which,  however,  is 
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boiling  point  risen  quickly,  and  there  remains  a  Titreous  msw,  re0eiii]>]inK  t2ie  add  HK^r. 
As  acid  borate  of  methyl  gives  off  oxide  of  methyl  by  diy  distillation.  It  is  prrAsU« 
that  the  lighter  products  of  the  distillation  just  mentioned  contain  oxide  of  amyL 

BoRATBS  OF  Ethtl.  a.  Ortkoborate,  (C«H*)»BO".  (Ebelmen  and  Bonqt:*?, 
Ann.  Ch.  Phys.  xrii.  65;  Bowman,  PhiL  Mag.  [3]  xxix.  646.)— Preroued  Viln'  tU 
corresponding  amyl-compound.  Vapour  of  chloride  of  boron  is  rapidly  absorbe^J  by 
absolute  alcohol,  the  liquid  becoming  hot  and  separating  after  a  while  into  two  h}*^7% 
t!ie  lower  of  which  is  merely  alcohol  containing  hydmshloric  add,  while  the  tif  -^ 
contains  the  tri-ethylic  borate,  which  may  be  sepamted  by  distilling  the  decir.»tJ 
liquid,  with  addition  of  a  little  alcohol,  collecting  that  which  passes  over  ber*?-^^ 
116^  and  125°  C,  and  rectifying.  It  is  likewise  produced  by  distilling  a  mixtiip-  .^ 
dry  ethylsulphiite  of  potassium  and  anhydrous  borax.  (H-  Bose,  Pogg.  Ann.  xcnii 
245.)     See  also  vol.  ii.  p.  628. 

It  is  a  colourless,  mobile  liquid,  having  a  peculiar,  agreeable  odour,  and  bumlrtz 
bitter  taste.  Specific  gravity  0-885.  It  dissolves  in  all  proportions  in  alcohol  zzid 
ether,  mixes  with  water,  but  is  decomposed  thereby  in  a  few  minutes,  with  8<=7>ar»f:-.3 
of  boric  acid.  Boiliug  point  119°  C.  Vapour-density  (by  experiment)  ^SU;  by 
calculation  (2  vol.)  =  5'07.  Bums  with  green  flame,  giving  off  white  tumea  of  boru: 
acid,  and  leaving  no  residue. 

Metahorate,  or  Neutral  Borate,  C*H»BO*. —Produced,  with  teparation  of  borl* 
acid,  by  the  action  of  alcohol  on  the  acid  borate : 

aCH'BO^BK)'  +  C?H».H.O  -  3C^».B0*  +  HBO«. 

Acid  borate  of  AlcofaoL  MetaboraU)  Boric 

ethyl.  ofethjrl.  «ckL 

When  the  syrupy  add  ether  is  mixed  with  absolute  alcohol,  borie  acid  aeparut^^ 
with  considerable  evolution  of  heat,  and  on  separating  the  liquid  therefrom  by  ^kcaii- 
tation  and  pressure,  and  heating  it  for  a  while  to  100^  C,  boric  add  is  again  diepo3it/>j, 
and  there  remains  a  colourless  mobile  liquid,  which  resembles  the  orthoborate,  uiA 
yields  by  analysis  32*93  per  cent  carbon  and  6*97  hydrogen,  the  fonnnl*  re<|air^ 
33-38  C,  and  6-96  H.     (Handw.  ii.  [2]  309.) 

Acid  Borate,  2C''H*B0«.BK)»  «- (C'H»)«0.2B«0».  BtborateofEtkylCEh^lmtz. 
Ann.  Ch.  Phys.  [3]  xvi  129.) — Produced  by  the  action  of  boric  anhydride  on  aioL-i 
When  finely  pulverised  boric  anhydride  is  mixed  ^ith  an  equal  quanti^  of  abg^rtl "te 
alcohol  at  18°  C.  the  mixture  becomes  hot,  quickly  attaining  the  temperatur»  oi  &'.i\ 
and  begins  to  boil  when  heated  to  96®.  If  the  distiUiition  be  interrupted  as  B»x,n  93 
the  boiling-point  rises  to  110°,  the  distilled  portion  poured  back,  and  the  di»tiilarioi. 
repeated  till  the  boiling-point  again  rises  to  110°,  add  borate  of  ethyl  remains  ir  tb* 
retort,  mixed  with  boric  acid,  from  which  it  may  be  8epnrate<l  by  digesting  the  rvs.'«h? 
for  twenty-four  hours  with  anhydrous  ether,  decanting  from  the  undissolved  portion,  xtA 
distilling  till  the  heat  in  the  retort  rises  to  200'^.  Acid  borate  of  ethyl  then  nnt-ir^ 
in  the  form  of  a  thick  yellowish  liquid,  which  gives  off  white  fumes  in  the  air  at  it-^f-, 
and  solidifies  on  cooling  to  a  transparent  glass.  This  glass  is  rather  soft,  er^o  &t 
mean  temperatures,  and  at  40°  or  60°  may  be  drawn  out  into  long  threads.  It  h&e  t 
faint  ethereal  odour,  a  burning  taste,  and  blisters  the  skin,  beine  at  tiie  same  x^n^ 
converted  into  a  white  powder  of  boric  add.  It  gave  by  analvsis,  19-8  per  cent  U 
4-4  H,  and  667  B^0»,  the  formula  requiring  22-5  C,  47  H,  and  65*3  B*0*. 

Acid  borate  of  ethyl  begins  to  decompose  at  300°  C.  with  fusion,  intumesoe»o!e«  mJ 
thickening,  the  products  being  ethylene-gas,  alcohol-vapour,  vapour  of  the  nn»ie*fS3ni.- 
posed  ether,  vapour  of  water,  and  fused  boric  anhydride  free  from  cfaarcoaL  TIjs 
eth^lene-gas  bums  with  a  green  flame,  the  colour  arising  from  admixed  boric  ether, 
which,  however,  may  be  removed  by  washing  the  gas  with  water. 

The  acid  ether  becomes  very  hot  by  trituration  with  water,  being  resolrwl  lii*^ 
alcohol,  and  boric  acid.  Exposed  to  moist  air,  it  becomes  white  on  the  surface  fr  7i 
slow  decomposition.  It  dissolves  in  alcohol  and  in  etlier,  but  gives  off  these  liquids  e^'D- 
pletely  at  200°  C,  a  portion  of  the  imdecomposed  boric  ether  then  passing  over  with  li' 
alcohol  so  that  the  distillate  bums  with  a  green  flame,  and  when  mixed  with  vit/r 
solidifies  from  separation  of  boric  acid.  The  syrupy  acid  ether  treated  iritli  «bi^<iLi« 
alcohol  in  the  maimer  above  described,  yields  toe  neutral  borate  of  ethyL 

Borates  of  Mbthtl. — a.  Orthoborate,  (CH')"BO"  (Ebelmen  and  Bonqnet  Aia. 
Ch-  Ph^s.  [3]  xvii.  69.) — Produced  by  the  action  of  chloride  of  boron  on  anhv'l-^:.* 
methyhc  alcohol ;  purified  by  rectifying  the  upper  of  the  two  resulting  Ujezs  of  liquj'i 
It  is  a  colourless  mobile  liquid  of  specific  gravity  0*956 ;  has  a  pungent  odour  i^i^e^ 
what  like  that  of  wood-spirit ;  boils  at  72°  C.  Vapour^ensity  *  3-66.  UissoiT^s 
in  alcohol  and  ether,  is  quickly  decomposed  by  water,  and  burns  with  a,  gr^en  flaiQ«. 

b.  Acid  Borate2CWBO\WO^  «=  (CH»)'0.2B20»  (Ebelmen.  AmL  Ch.  Thy^  ('J 
xvi.  137.) — Obtained,  like  the  acid  ethylic  borate,  by  treating  boric  anhydride  tM< 
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nhjdroui  methjlie  tleobol  The  maaf  is  npeatedly  heated  to  110^  C^  the  distOlat^ 
cing  each  time  poved  back,  the  reeidue  is  tieated  with  ether,  and  the  decanted 
dilution  heated  to  200°.  Acid  borate  of  methyl  is  thus  obtained  as  a  Titreous 
Mies,  soft  and  tenacious  at  ordinary  temperatures.  It  boms  in  the  air  with  a 
4>autiful  green  flame ;  is  decomposed  by  distiUation  into  boric  anhydride  and  oxide 
f  methyl ;  and  by  water,  into  boric  acid  and  methylic  aleohoL 

BOSOW,  SV&FHZDS  OV.  B^S*. — This  compound,  which  is  the  analogue  of 
oric  anhydride,  is  formed  by  igniting  boron  in  yapour  of  sulphur  (Berselius,  Pogg. 
iiin.  ii.  145)  or  in  sulphuretted  hydrogen;  also  by  heating  boron  with  sulphide  of 
?^d  (Wohler  and  Deville,  Ann.  Ch.  Pharm.  cr.  72),  or  by  heating  a  mixture  of  boric 
n hydride  and  charcoal  in  rapour  of  sulphide  of  carbon  (Fr^my,  Ann.  Ch.  Phys. 
M]  xxxviii.  819),  or  by  strongly  heating  a  borate  in  vapour  of  sulphide  of  carbon 
S  k  ob  1  i  koff  and  Kudloff^  Petersb.  Acad.  Bull.  xiL  819).  To  obtain  a  pure  product, 
orot)  is  heated  in  sulphur  Tapour  as  long  as  that  Tspour  continues  to  be  absorbed  by 
t.     The  action  is  slow,  because  the  sulphide  forms  a  crust  round  the  boron. 

Pure  MTilphide  of  boron  is  a  white  solid  body,  sometimes  amorphous,  sometimes 
rr^talline.  It  has  a  pungent  sulphurous  odour,  like  that  of  chloride  of  cyanogen, 
r  chloride  of  sulphur.  Its  vapour  attacks  the  eyes.  By  itself  it  does  not  appear  to 
<*  volatile,  but  it  volatalises  in  sulphuretted  hydrogen,  like  boric  acid  in  vapour  of 

a  tor.  Heated  in  a  stream  of  hydrogen,  it  melts,  and  gives  off  a  little  sulphur,  perhaps 
lowever,  only  wh^i  not  quite  pure.  It  decomposes  water  with  great  energy,  forming 
<^ric  and  sulphydric  acida,  a  decomposition  to  which,  as  already  observed,  the  formation 
f  boric  acid  in  the  Tuscan  lagoons  has  been  ascribed. 

There  appears  also  to  be  a  persulphide  of  boron,  produced  by  heating  boron  in 
iilphur-vapour  till  it  takes  flx«,  and  tnen  leaving  it  to  co<^  in  the  vapour.  When  the 
nxiuct  thus  obtained  is  thrown  into  water,  boric  and  sulphydric  acids  are  formed,  and 
iiilk  of  sulphur  is  deposited.    (Berselius.) 

BOmoVATSOOA&orrai  NaCa"H*B*0"  +  y  aq.— Native  borate  of  calcium 
nd  8o<lium,  called  also  Hydroboraeite^  Hayesin^  and  TUa,  (See  Bobatbs  of  Sodiux, 
.  649.) 

SOTXTOOSV.  Red  vitriol, — A  native  ferroso-ferric  sulphate  from  Fahlun  in 
wfden,  occurring  rarely  in  small  oblique  rhombic  prisms,  having  the  lateral  faces 
Dilined  to  each  other  at  an  angle  of  119°  66',  and  to  the  terminal  faces  at  113®  37';  more 
1  •-qucntly  massive  and  as  a  deposit  on  gypsum,  sulphate  of  magnesium,  ferrous  sulphate, 
ml  iron  pyrites.  Translucent, with  vitreous  lustre.  Dark  hyacinth-red  to  ochre-yellow, 
fnrder  than  gypsum.  Spedfic  gravity  2*039.  Swells  up  before  the  blowpipe,  giving 
ft  water  and  leaving  feme  oxide.  According  to  Berzelius,  its  formula  is  3Fe''0.2SO* 
h  3(Fe''0'.2SO»)  +  36H*0. 

BOTBTO&ZTS.     Chaux  boraiie  nlicieuse  concritiorUe,     Ca'*(BO*)*.Ca''Si<0*  + 
aq. — A  kidney-shaped  mineral  of  delicate  fibrous  texture,  founa  in  the  veins  of 
lagnetic  iron  ore  at  Arendal  in  Norway ;  generally  as  a  deposit  on  crystals  of  calcspar. 
Ls  formula  is  the  same  as  that  of  datolite,  but  with  twice  the  amount  of  water. 


A  tribasic  sulphantimonite  of  load,  3Pb''a8b«S"  or  SWb"9», 
:>und  at  Moli^res  in  France,  in  Lapland,  and  other  localities.  Crystallo-laminar  or 
ne-g^ined.    Dark  lead-grey.    Sp.  gr.  6*69  to  5*97. 

SOUXMOWZra.    Sehwarsspiessglanserz.    Antimoine  plambo-euprifht :   2Fb''S. 

u^S.Sb'S*  -  ^'^b^Cu^S*.— Crystallisea  in  right  rectangular  prisms  of  darkfteel-grey 
jlour,  with  metallic  lustre,  and  yielding  a  black  powder.  Hardness  equal  to  that  of 
lilcspar.  Specific  gravity  5*7  to  6'8.  Melts  before  the  blowpipe,  giving  off  white 
imes,  covering  the  charcoal  with  oxide  of  lead,  and  changing  to  a  slag  containing  a 
ir^  quantity  of  copper.  It  is  found  in  the  copper  mines  of  Cornwall,  at  Neudorf 
nd  Andreasberg  in  the  Harz,  at  Kapnik  and  Offenbanya  in  Tran^lvania,  &C.,  but  is 
ot  very  abundant.  Some  varieties  found  near  Freiberg  contain  silver  to  the  amount 
f  about  0*12  per  cent     (Gm.  v.  486.) 

SO WT  OOA&.  A  kind  of  coal  of  a  brown  or  brownish-black  colour  and  lamellar 
^xture,  the  lamina  being  often  flexible  when  first  dug  out,  but  generally  hardening  by 
xp>osure  to  the  air.  It  consists  of  wood  penetrated  with  petroleum  or  bitumen,  and 
*c>quently  contains  pyrites,  alum,  and  protoeulphate  of  iron.    By  distillation,  it  yields 

fetid  liquor  mixed  witii  ammonia  and  an  oil  partly  soluble  in  alcohol  It  ia  found 
1  £ngland,  France,  Italy,  Switzerland,  Qermany,  Iceland,  &c. 

BO  W  MM  ITIL    See  SsRFiinTNa. 

JM>TUi*S  WUMXNO  &ZQVOB.    Monoatdphide  of  Ammcmium  (p.  193.) 

SSAOITB.  A  mineral  found  at  Arendal  in  Norwav,  but  not  yet  sufficiently  ex* 
mined  to  establish  its  separate  identity.    (Forbes  and  D  ahll,  J.  pr.  Chem.  IxvL  446») 
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See  NsRVors  Tisstte. 

Son.  Kleie,  (Millon,  Ann.  Ch,  Phya.  [31  xxvL  5.  Piligot,  ihil  ni^ 
5.  Kdkal^  Liebig's  chem.  Briefe,  3  Aufl.  i.  595.  Wetzel  and  Van  H«>efi,  .irrl 
Pharm.  [2]  Ixvii.  284.  Poggiale,  Compt  rend,  xxxrii  171 ;  xKx.  128.  .s:^ .., 
DingL  pol.  J.  cxxxi.  298.  Mouri^s,  Compt  rend.  xxxviL  351;  xlvii.  ooo.il^.il 
431.  Oudemans,  Rep.  chim.  app.  L  585.)  — The  husky  portion  of  gru-iisii  .wt, 
sepanited  by  the  boulter  from  the  flour.  The  analyses  which  hare  beea  rc-ide  ot  .», 
even  from  the  same  kind  of  com,  differ  widely  in  the  proportion  of  some  of  tiieess^l 
tial  constituents,  as  the  following  table  will  show. 


A>h     ■••••• 
Water         .        .       .        •       • 

r  AX.  •••••• 

N'Crorenous  matter  (gluten,  Ac) 

Dt-xtrin 

Star-  h         .        •       •       •        . 

"-iipar 

CdluloM 

lle>iuous  and  odoriferoui  matter 


Nitrogen    . 


hrmn. 


Oude- 


3-3% 
14  M 

x-m 

I4-.M) 

7-79 

38  19 


101 -sg 

223 


Whmt-trmiu 


Ondanum. 


6S2 
1407 

946 
13-46 

5-52 
26-11 

ao-so 


W94 

2  07 


6-26 

1427 

2-WI 

S-24 
2y74 

a7'n 


98-28 
1-96 


499 
14-40 

3-H8 
1541 

.V7I 
29*31 

26-96 


99  68 
2-37 


Po|sxi«lc 


5  5 
127 

•2-9 
13-0 

7*9 
11-7 

1-9 
S4*6 


100-0 


I 


I.V8 

41 

67  J 

9^2 


104  1 


'    I 


.1 
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KekuU's  determination  of  the  nitrogenous  matter  is  probably  too  hi^b.  Tae  12* 
per  cent,  nitrogenous  matter  found  by  Poggiale  was  made  up  of  5-6  «>Ju}'h  nutvr 
(albumin),  3*9  insoluble,  but  capable  of  assimilation,  and  3'6  insoluble  and  JD'^pil* 
of  assimilation.  Poggiale  isolated  the  cellulose  by  rendering  the  stanch  soioLlf  m,'\ 
diastase ;  he  finds  that  the  usual  process  of  determination  by  the  guccoswTe  ago  ni  a:  |j 
and  alkalis,  always  gives  the  amount  of  cellulose  too  low,  part  of  it  being  wmrcrtr^ 
by  those  reagents  into  sugiir  and  dextrin. 

Bran,  though  rich  in  nitrogen,  appears  to  possess  but  little  nutritive  power.  AniT, 
fed  upon  it  quickly  lose  flesh  (Poggiale).  It  contains  a  nitrogenous  pnnciple  ra 
cereal  in,  analogous  to  diastase,  and  perhaps  identical  therewith,  whirh  yvis-i*N*«  t » 
power  of  quickly  converting  starch  into  dextrin  and  sugar.  Mouri^s  found  that  1  SO  ;••. 
of  wheaten  bread  containing  bran  easily  diffused  through  520  parts  of  wafer  t1i.£i  u- 
turated  therewith,  and  yielded  59*35  pts.  of  soluble  and  6975  pts.  of  insoluble  mafj-, 
whereas  the  same  quantity  of  bread  not  containing  bran,  waa  converted  by  tritur.r.  •> 
with  water  into  a  semisolid  mass,  and  yieJded  only  9'03  percent,  soluble  m.i!vr'> 
120"25  insoluble.  This  action  of  the  bran  on  the  flour  commeneea  in  the  kniAJii,' 
and  baking,  but  is  completed  only  in  the  stomach.     (See  Bb£AI>.) 

Bran  is  used  by  calico-printers  in  the  clearing  process,  for  removing  the  coI-rrT; 
matters  adhering  to  the  non-mordanted  parts  of  the  maddered  goods,  as  weD  as  thr  \\m 
matters  which  cloud  the  mordanted  portions.  (See  t/r«'«  Dictionary  of  Arts,  M':>>r 
/(utureSj  and  Mines^  i.  383.) 

BSJUrCBXTB.  OH'*.  —  A  fossil  hydrocarbon  from  the  lignite  of  MoMt  Sm  b 
Tuscany.  It  is  colourless  and  translucent,  like  Scheererite ;  melts  at  75-  C.  bit  .I'm 
not  crystallise  on  cooling.  It  dissolves  in  alcohol.  Specific  gravity  «  1-00.  (S^ri, 
Leonhard  and  Bronn's  Jfahrbuch,  1842,  p.  459.) 

See  Cldttoxite. 


This  well  known  liquor  is  the  spirit  distilled  from  wine,  and  f'rM 
nn  extensive  article  of  trade  in  the  south  of  Europe.  It  is  generally  maniiUi'ti->i 
from  white  or  pale-red  wines,  but  often  from  inferior  articles,  such  as  the  reftL*-  %.ia 
and  the  marcs  of  the  wine-press.  Distillation  of  the  wines  is  the  only  proct?w  rit^>- 
sary  for  procuring  brandy :  hence  the  richer  the  wine  in  alcohol,  the  grp^t^^r  ^Tl  ^* 
tlie  yield  of  brandy.  Many  circumstunces,  however,  independent  of  the  maniifa'-tiLn .  ic- 
fluence  the  quality  of  the  product.  Thus,  white  wine.s  do  not  alwajrs  affonl  moiv  dl.  L . 
than  the  red,  but  they  yield  a  spirit  of  finer  quality,  because  they  contain  more  ^f  t* 
essential  oil  of  grapes.  Wines  which  have  a  certain  taste  of  the  soil,  crnnmcuirjt.  > 
to  the  brandy  derived  from  them  by  distillation  ;  thus,  the  wines  of  Sclieul  in  Djri'^^* 
give^  H  brandy  which  has  the  odour  and  taste  of  the  Florentine  iris ;  those  of  St.  Y,r:rt 
in  Vivarais,  give  a  spirit  which  smells  of  the  violet,  and  so  of  many  other  nriiti-^ 
Real  Cognac  is  obtained  from  the  distillation  of  choice  wines,  even-  attention  ]'Zi 
paid  to  the  proper  d^ree  of  cleanliness  in  the  various  utensils  employtni  In  il.?  c^- 
proved  form  of  still,  a  very  superior  article  is  obtained  from  inferior  winw.  r»Q^  M* 
small  proportion  of  essential  oils  in  such  wines  divests  the  branny  of  that  an»uv-' 
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jclongi  to  tilt  better  sorte  of  wine,  uid  ig  Minniiiiiicatcd  to  tlic  brao 
thrm.  An  uiferior  bramly  callrd  tan-dr-nt  de  mare*  ii  obtained  bj 
k  »d  tium  of  Portugml,  Spain,  and  other  vine-giowing  countries, 
led  bj  wine  in  keeping,  the  mure  or  refiue  of  the  grapei  from  the  « 
lingi  of  winenaaks,  dk. 

old  in  Friinre.  ia  cenerallj  of  tvo  itrenMhs,  designatnl  f»  a  pvun 
i  pnuBf  ithailt,  the  former  yaryinpt  from  18"  to  20"  Beaumi. 
I  are  Talned  srcordiag  to  the  qaenticir  of  eau  de  vi'  a  prevur  dt  HoUi 
jintit^r  'ill  furnish  on  the  addition  of  tlie  proper  qaantity  of  «i 
I  are  osuallj  twelve,  Tii.  of  Jiee-iix.  faur-Jive,  thrr,-f,iur,  tvio-li 
team,  ficf-nine,  nt-fl/iifn,  thrr'-sii,  thre,->/ urn,  lkrte-ri,jht.  kdA  U 
«t  ia  rarelj  muds.  The  meaning  of  thene  strtngthi  is  on  foUons :  - 
n>.  6  fit.  of  the  a^it  will  give  a  liqaor  a  prtuve  dt  Hollandt,  * 
piienna  of  water.  The  ipirit  flTe-sii  haa  a  ipeeifle  grsTity  of  0  S2;i 
■11  the  other  etrengtha  are  Tariable,  on  iccoont  of  the  nncertiiint; 
the  spirit  Apreuw  de  Holland. 
g  ia  an  average  of  the  yield  of  brand;  vhieh  aome  winea  afRwd  by 

ofwineofSLGiUes.intheenvironaofMontpellier,  afford 

of  three-«il  brandy ISO  litm 

of  good  wine  of  cucareona  Boila 140    „ 

of  wines  of  fertile  toils  near  Montpellier       ,        ,        .     100    „ 

of  winea  of  aoila  prodneing  much  gnpes       ,        ,        .     100    „ 
waDtTin  nearest  the  Mediterranean  foraiah  tbe  largeat  proportio: 
diminishes  as  the  grapes  grow  in  more  northern  countries. 

irtificisl  pn>dur-t  fubrif&ted  by  the  recti^'ing  dietiller. 

some  bmised  French  plDms,  and  a  qoiut  of  good  cog 
tun-  u«cr  ■  genlJe  fire  in  an  alembic  provided  with  an  agitator, 
ndy  and  argol  introduces  ffinanlhic  ether,  and  if  a  Utile  acetic  elhei 
stiUatc,  the  whole  imports  the  peculiar  taste  of  genuine  Cognac  bra: 
mt  augar  if  Drcessary,  and  add  a  litUe  tannic  add  to  impart  aal 
Ur^t  Dictionary  o/  Arti,  ManvfaeturiB,  and  Minrt,  i.  3SS ;  also  J 
ry,  L  103.) 

Ln  alloy  of  copper  and  line.  (See  Copi-bb  ;  alao  Pre"*  Dittionar 
tara,  and  Min-t,  L  399.) 

IL.  A  genoa  of  craciferoai  plants,  inehiding  aome  of  the  most  im 
nts  and  cnlinary  vegetables,  viz.  the  cabbage,  rape,  and  turnip. 
ilfToaa.  Cabbage. — Of  this  species,  many  vanetiea  are  cnltivatec 
J.  the  cnmmon  red  or  white  cabbage  (Sr.  o/.  capitata),  the  Savoy  cabl 
).  mrled  kale  I^Br.  oL  acrphain),  &c  The  tuntip4t«nuned  cabbiig< 
ol.  caidoTapa  or  napobrauiea),  is  much  cultirated  in  France 
a  fleshy  Inmip-tike  etem  or  bulb,  which  makes  an  excellent  veget 
wer  and  broccoli  are  also  varieties  of  Bnutica  vUracra. 
cabbage- leaves  contain  0*2  per  cent  nitrogen  ;  the  dried  leaves  3'7 
Dgault,  Ann.  Ch.  Phys  [2]  livi'ii  337).  Table  A  exhibits  (he  coi 
^leaves  as  determined  by  Anderson  (Chem.  Centr.  1856,  p.  23S 
Dg  plant  before  the  heart-leaves  are  formed,  b.  The  onter  leavt 
abbage.    e.  The  heart-leaves  of  the  same. 

Tabu  A. — ComfotUion  of  Cahli^t4eatKt. 


1 1-8  2-2  08 

>ter 91-8        911        9i'4 

I  Sprengel  (J.  teehn.  Chem.  xiii.  18S),  white  cabbage  eontains.  in 
S2'8  percent,  water,  19^3  per  cent,  matter  soluble  in  potash-ley,  2£-( 
:«,  beaidca  wax,  chlorophyll,  &c.  The  ash  of  cabbage  has  been  snal 
lEBlon  (Joum.  Roy.  Agr.  Sot  vii.  [2]  fi93;  li.  [2]  612),  by  Sprei 
ler  (Ann.  Ch.  Pliarm.  In.  294). 

em  or  bulb  of  the  kohl-rabi  eontains,  according  to  Sprengel  {Uk. 
iter,  the  learea  86  per  cent,  water.  100  p»s.  of  the  dried  snlwtanee 
nluble  in  water,  382  soluble  in  potash-ley,  IS'f  woody  fibre,  bei 
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wax,  &t,  &C.    The  uli  of  the  oorme  and  learee  has  been  aoalyMd  hj  Sprengel,  sad 
by  Way  and  Ogston  (loc,  cit.) 

The  ashes  of  the  heart  of  cauliflower  {Br.  cl.  Tar.  hotrytis  eavliflora\  ind  of  \s&  r^ 
and  leaves  of  broccoli  {Br,  ol.  yar.  botrytis  osparoffAdcs^  have  been  analjssii  u 
Th.  Richardson,  Ann.  Ch.  Pharm.  Ivii. ;  Anhang  znm  dntten  Heft). 

Tablb  B. — Ash  of  differ erU  Varieties  o/Brassioa  oUrocea, 


n  sj  Slid  QpCoD. 

SjiNnnuI. 

Sumner. 

WarodOrtau 

SfN 

■in. 

I^A-« 

OwCoMfWf 

Wluit  Cabtmgt 

JMkLi 

Ath  In  100  pti.  of  fVeth  plant    . 

Lcavcfk 

fiuik. 

BalbB. 

U»«. 

BnllM. 

u^ 

Hctfifc    <^ 

0-7 

l-« 

_„ 

^_ 

_^ 

— . 

0-95 

2«) 

e^i 

1* 

„         M        H     air-dried  plant 

„         ..        tt     plant*  dried  i 

aiioo*»a j 

.^ 

— 

«> 

_ 

10^0 

- 

7'W 

11-62 

7-05 

12-90 

8-09 

18-54 

Composition  of  ash  in  100  pt>.  i 

1 

Potjuh  (aohjdruas)  .    •    •    . 

40^ 

40-9 

81^ 

48-3 

87-6 

17-8 

96^ 

9-S 

<7-16  XI » 

SodM              „           .... 

•i-4 

40 

12-0 

_ 

13-3 

8*1 

2-8 

^M 

-  ,*♦;'■ 

Lime 

150 

10  6 

83-1 

12  6 

MM 

S4'2 

10-2 

30-1! 

4.-n|   _-, 

Magneftia 

2-4 

a-8 

0-3 

3*7 

4-0 

32 

9-8 

3-6 

3-J''   .V 

Alumina 

.- 

— 

0-2 

— 

0-5 

0-2 

_ 

^ 

.^              .. 

Ferric  oxide 

9-8 

0-4 

(rl 

1-8 

0-5 

0-9 

0-4 

55 

^_,              .» 

Su  pharic  anhydride     •    .    . 

7-3 

tv\ 

12-7 

8-3 

12-6 

14*0 

11-4 

10-6 

ii-ie  r^v 

Siiidc              .,             ... 

10-6 

10 

2-8 

0-4 

6-7 

,7-1 

0-8 

9-6 

IS2|    f'li 

Ciirbonlc         ^             ... 

167 

6-3 

.. 

-. 

» 

10-2 

9-0 

_         _ 

Phosphorie      „             ... 

12*5 

19-6 

10-4 

16^ 

6-8 

&*4 

13-ft 

9N 

»M 

.*<. 

Calcic,  roagneslc,  and  ferric 

photphatf^s 

<■* 

^— 

^ 

— 

^ 

» 

— » 

— 

8^    :li 

Chloride  of  petals ium  .    .    . 

— 

— 

— 

93 

— 

— 

— 

(W 

-    1  «/j 

(,        „    •odium  .... 

trace 

2-1 

60 

^~ 

6-1 

73 

11-9 

6-7 

2.  Brassica  Napus. — Winter  rape,  Coleseed,  and^r.  campeatris  rar.  oin^-'-. 
Summer  rape,  Colzat  or  Colza,  are  cultivated  chieflyfortheir  seeds,  wbiehy  J 
a  large  quantity  of  oil,  and  for  the  succulent  food  which  &eir  thick  fleshy  st#m>  -zi 
leaves  supply  to  sheep  when  other  fodder  is  scarce.  The  cake  which  remaiim  an»:  t:* 
oil  has  been  pressed  from  the  seed,  is  used  on  the  continent  as  food  for  cows  acd  ^c:^ 
and  also  as  a  manure,  for  which  purpose  large  quantities  of  it  are  import-ed  iutt  h^j 
land.  Colza  or  summer  rape  yielda  the  largest  quantity  of  oil,  but  wintw  rap?  i^  »i.'i 
to  be  hardier,  and  is  therefore  more  generally  cultivated  in  this  coontzy.  Wa  j  ( J:ir. 
Roy.  Agr.  Soc.  x.  part  2)  found,  in  100  pts.  of  the  dry  seed  of  dwarf  rape,  4-2  pier  <^\ 
nitrogen,  37*8  fat,  3*3  ash,  and  6*5  water.  Of  the  ash  of  the  seed  and  strav  of  ri;>'. 
numerous  analyses  are  given  in  Liebig  and  Kopp's  Jahresberichi  fur  Chtme  for  \<^i, 
tables  D  and  £  to  page  666.    From  these  we  extract  the  following : 

Tahlb  C. — Aah  of  the  Seed  and  Straw  of  Brasnca  Ik^ptu. 


Ath  In  100  pta.  of  alr-drled  plant 
»,         ,.        H     Pl>n^  <lried  at  100°  C. 

Composition  of  aah  in  100  pU. : 

PoUah 

Soda 

Lime • 

Magnesia 

Ferric  oxide 

Sulphuric  anhydride        .       •        • 
Silicic  „  ... 

Carbonic  „  ... 

Pho$r'horic      „  ... 

Chloride  of  potassium      .       • 

„         sodium  .... 


Liebtg. 

Brdmann, 

RamneUberf, 

1 

Seed. 

Seed. 

Seed. 

Sm^ 

»::«¥. 

^^ 

2-39 

W 

6  19 

403 

4*44 

22-5 

22-7 

»•? 

S2-S 

M-j 

0-2 

_ 

^_ 

_ 

Wi  1 

ll"8 

14-6 

13  2 

in 

trt  1 

11-1 

ISO 

11-8 

ISi 

M 

1-7 

0-6 

0-C 

0-7 

I-' 

6-7 

06 

06 

as 

'••  , 

60 

1*1 

l-l 

5M) 

ri 

__ 

^■^ 

«. 

... 

ut; 

39-1 

47*0 

47-0 

IK 

<•■ 

— 

M 

^_ 

... 

rl 

0-8 

— 

— 

— 

_  1 

3.  Brassica  Bapa^  the  common  white  turnip,  and  Br.  campettris  var.  ruic'<::\ 
or  napabrassica^  the  swede  turnip. — The  ashes  of  these  plants  have  been  exAirjici 
by  T.  J.  Herapath  (Chem.  Soc.  Qu.  J.  iL  14),  Eggera  (Jahresber.  f.  Ckm.  iMi, 
p.  658);  Baer  (t^^  1851,  p.  710);  Stammer  (Ann.  Ch.  Pharm.  Ixz.  295);  wdWij 
and  Ogston  {loc»  eU.), 


BRASSIC  ACID —  BRAZIL  WOOD. 


655 


Tasls  D.- 

—  Compoiition  of  TSimip-^uk, 

IfaniMih. 

W«;  and  O^tan. 

Bacr. 

SlaaiBMr. 

^^L. 

WhUt 

'      *. 

>tit 

DaUiHyMd 

Cr-jjJJf,- 

B«lk» 

BaU» 

Bnlb*. 

Leans. 

Bolbk 

Lmtm. 

BiUlis. 

LcatM. 

8eHL 

^vSB* 

SCfav. 

Balba. 

OhK 

1  In  100  pta.  of  tnth 

lant 

1-38 

0H» 

075 

197 

109 

1  19 

0  59 

1-89 

8-67 

0*46 

870 

t)  In  100  pu.  of  air- 

rlod  plant    .... 

» 

_ 

_ 

^ 

— 

_ 

_ 

.. 

__ 

4*58 

441 

H  in  KO  pt«.  of  plant 
s\r^  at  IMP  C.      •    . 

.— 

-. 

6-00 

16-40 

8-41 

10-80 

7-40 

1590 

r9e 

_ 

TDO 

6-18 

mpo«Uion  of  Um  aah 

II  looptc: 

Vitaah 

62^ 

47-9 

n-7 

1116 

36-9 

13-5 

48-5 

197 

91-9 

161 

le-s 

46-5 

21-9 

loia 

trace 

.. 

M*7 

H-4 

RHI 

46 

^ 

_ 

19 

IM 

1*3 

.Im^ 

6-9 

M-7 

11-8 

2»»ft 

6-5 

3.VI 

6-7 

28-7 

17-4 

11-3 

95-4 

13  1 

8*6 

tl  .itnfula  •    .    •     .    . 

M 

n 

8-8 

9-6 

2-5 

1-7 

2-3 

2^1 

8'7 

104 

11*0 

16 

147 

ihtirlna    ..... 

trace 

_ 

_ 

— 

— 

— 

_ 

_ 

^ 

05 

09 

->iric  <<&i(l«  ... 

OtW 

trace 

OA 

30 

0  1 

0-6 

06 

0*8 

1-9 

1*0 

1*9 

48 

H'lp  uric  anhydride  . 

4^ 

36 

16  1 

lU-4 

n-7 

67 

128 

78 

71 

79 

5-5 

9*9 

1-6 

■(IIkic                „ 

0*1 

19 

87 

80 

'tl 

1  9 

09 

2-0 

0-7 

9-9 

3*4 

10 

13*11 

;arbonlr           ^ 

_e 

_ 

10-7 

€9 

xra 

13-8 

14-8 

14-6 

0« 

6-9 

27-6 

2'l 

*1i  itphuric      „ 

15^ 

16*6 

9-1 

4-9 

8-8 

4-G 

7-6 

3-1 

40*1 

34  0 

4*0 

15'5t 

397 

Jhloriiie  of  po(ag«tiiin 

{7. 

— 

— 

— 

— 

_ 

_ 

155 

_ 

__ 

_ 

10-6 

09 

^         MMilum    . 

14*6 

7-1 

19-4 

10-0 

l«0 

8-4 

107 

— 

0< 

3*9 

— 

0-5 

L  Colza  oil  is,  according  tx)  Websky  (J.  pr.  Chem.  Iviii.  449), 
a  nuxtui*e  of  two  glycerideA,  which  yield  by  saponiflcation,  bras  sic  acid,  which  is 
solid  at  ordinary  temperatures,  meltfi  between  32  and  33^  C,  and  crystallises  from 
alcohol  in  long  needles ;  and  another  acid,  which  is  liquid  at  ordinary  temperatures 
and  resembles  oleic  acid.  The  two  acids  are  easily  separable  by  means  of  their  lead- 
salts,  tlie  salt  of  the  oily  acid  being  soluble  in  ether,  while  brassate  of  lead  is  insolubleu 
AVeliky  assigns  to  brassic  acid  the  formula  C**H*'0*.  Stadeler  (Ann.  Ch.  Pharm. 
Ixxxvii.  133  J  proposes  C^*H*^0*^  or  C"H^*0*,  which  agrees  ouite  as  well  with  the 
analyses,  ana  is  the  same  as  that  of  erucic  acid,  extractea  by  Darby  from  oil  of 
TTiui'tai'd.  Brassate  of  sodium  gives  by  analysis  8*6  per  cent,  soda;  the  formula 
C"H"NaO«  requires  8*6  per  cent 

Native  sesquioxide  of  manganese.    See  Makoakbsi. 

The  German  name  of  peroxide  of  manganese. 

SZWTZOA  (Eunth),  cnHagenia  a^^Mnica  (Lamarck). 
— The  flowers  of  this  plant,  callsd  Kusso  or  Komo^  contain,  according  to  Viale  and 
Latini  (Correspond.  Scient.  in  Koma,  Nov.  1862),  a  peculiar  acid,  hagenic  acidf  in 
combination  with  ammonia. 

Harms  ^Arch.  Pharm.  [2]  IxxxriiL  166)  found  in  100  pta.  of  the  ash  of  knato^ 
after  deducting  sand  and  charcoal : 

C0«  SO*  PH>»  SiO«  Fe«0».PW         NaQ 


13*68 

A1*0" 
1*97 


1*90 

Mg«0 
6*43 


14  43 

Ca'O 
13*37 


3*14 

Na«0 
13-41 


6*60 

K«0 

18-89 


738 

Mn'O* 
trace 


^D^OOn.  The  tree  which  yields  this  wood,  the  Casaipina  crispa^  grows 
in  Brazil,  and  also  in  the  Isle  of  France,  Japan,  and  elsewhere.  There  are  several 
rarieries,  distinguished  by  the  names  of  the  localities  from  which  they  are  obtained,  as 
Fernnmbuco,  Lima,  Santa  Martha,  Sapun  (firom  Japan),  &c  Pemambuco  wood 
and  Lima  wood  contain  the  largest  amount  of  colouring  matter ;  viz.  about  2*7  per 
cent. ;  Sapan  wood,  only  about  1*6  per  cent.  Peach  or  Nicaragua  wood,  sometimes 
called  Santa  Martha  wood,  is  still  inferior  in  point  of  quantity,  but  is  preferred  for 
some  purposes. 

Brazil  wood  is  heavier  than  water,  very  hard,  and  susceptible  of  a  good  polish. 
Its  colour  is  pale  when  newly  cut,  but  becomes  deeper  by  exposure  to  the  air.  The 
heaviest  specimens  generally  yield  the  best  colour.  It  has  a  sweetish  taste  when 
chewed,  and  is  distinguished  from  red  sanders  or  sandal  wood  by  giving  out  its  colour 
to  water,  which  sandal  wood  does  not.  The  colouring  matter  may  also  be  extracted 
bv  alcohol  or  ammonia,  and  with  greater  facility  than  by  water.  The  spiritoons 
tmdnre,  a<*cording  to  Dufav,  stains  warm  marble  of  a  purplish  red,  whicn,  on  in- 
OMfing  the  heat,  becomes  violet ;  and,  if  the  stained  marble  be  covered  with  wax  and 

•  In  the  calculation  of  Herapath's  analysis,  the  carbonic  acid  Is  deducted. 

t  Mlted  wlih  aaad.  I  And  1*5  baaic  ferric  phoapbafee. 
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considerably  heated,  it  changes  through  all  the  shades  of  brown,  and  at  last  h«coa.r« 
fixed  of  a  chocolate  colour. 

According  toChevreul  (Ann.  Chim.  Ixvi.  226),  the  red  colouring  mattfer  of  'Rnzl 
wood,  to  which  he  gives  the  name  BrazUin^  exists  ready  formed  in  the  wood,  acx  i  3 
simply  dissolved  out  by  water  or  other  solvents.  To  prepare  it,  the  wood  u»  •  i* 
hausted  with  warm  water ;  the  solution  evaporated  to  expel  free  ac€l4c  acid ;  \i*t  d  7 
residue  is  dissolved  in  water;  the  liquid  shaken  up  with  oxide  of  lead,  to  remor«^  ^r 
remaining  free  acids ;  the  filtrate  again  evaporated  to  dryness;  the  reeidne  dif««<ilT..l 
in  alcohol;  the  alcoholic  solution  likewise  evaporated;  the  residue  dL»soh»^  u: 
water,  and  the  solution  treated  with  gelatin  to  precipitate  tannic  arid:  \iifr\\  \2.-^ 
evaporation  and  solution  in  alcohol  must  be  repeated  to  remove  the  excead  of  g^ui:  l 
(Chevreul.) 

Brazilin  crystallises  by  spontaneous  evaporation  in  reddish  yellow  needlci.  It  is 
soluble  in  water,  alcohol,  and  ether.  The  solutions  hare  a  fine  red  colour,  if  th^T  lir. 
not  contain  free  acid ;  but  the  addition  of  sulphuric,  nitric,  or  hydrochloric  &j:?i 
changes  the  colour  to  dirty  yellow;  hydrofluoric  acid  turns  it  first  yellow  trra 
greenish  grey ;  phosphoric  and  citric  acids  give  it  a  fiue  and  permanent  yeUov  ook>  t, 
whereas  with  acetic  acid  a  yellowish-red  solution  is  formed,  which  when  evapcr&t^d  ii. 
contact  with  the  air,  leaves  a  residue  of  a  fine  red  colour.  The  yellow  produced  \j 
citric  acid  is  well  adapted  for  dyeing  wood  or  silk. 

By  sulphydric,  sulphurous,  hyposulphuric,  and  boric  acids,  the  colouring  matti^r  i« 
bleached  and  destroyed ;  a  similar  action  is  exerted  upon  brazilin  by  sine  and  dixur» 
acids. 

Alkalis  change  the  red  colour  of  a  solution  of  brazilin  to  violet  or  blue :  hethce  i::- 
fusion  of  Brazil  wood  may  be  used  as  a  test  for  these  bases ;  with  hydr<it«r  ot 
alumina  it  forms  a  crimson  lake ;  with  tin-  and  lead-salts,  purple  preci^'tu/rt. 
(Chevreul.) 

According  to  Boll ey  (Zeitschr.  Ch.  Fharm.  viii.  192),  brazilin  is  identical  \nth 
sapan-red,  the  colouring  matter  of  Sapan-wood  (Ctesaljnnia  echi$KUa  or  C«  Bapan  1.  nsi 
18  obtained  therefrom  with  much  greater  facility  than  from  Brazil  wood,  (bee  Hkyui 
Bed,  voL  v.  p.  191.) 

The  precipitates  obtained  with  an  aqueous  decoction  of  Brazil  wood,  ar«  ct^o- 
sively  used  for  dyeing  and  for  staining  paper  for  walls.  The  solubility  of  the  colour. d^ 
matter  of  Brazil  wood,  and  its  strong  affinity  for  mordants,  give  it  a  very  extea^.te 
range  of  application  both  in  dyeing  and  in  calico-printing.  (For  details  respc**! mg  r^P 
mode  of  dyeing  with  Brazil  wood,  see  Musjyratfs  Chemistry,  vol.  L  pu  678,  ami  tV  § 
Dictionary  ofArts^  Manufactures,  and  Mines,  vol.  i.  p.  397.) 


Bread  consists  of  the  flour  of  wheat  or  other  eerefd  grain,  kn'-i  5  • '. 
with  water  into  a  paste  or  dough,  which  is  rendered  porous  by  the  interpeiietran-.a  ./ 
cartKjnic  acid  gas,  either  generated  within  the  mass  of  the  dough  by  fermentation,  --.? 
forced  into  it  by  mechanical  means.  The  dough  having  thus  acquired  the  pni^r 
degree  of  porositv,  is  exposed  to  the  heat  of  an  oven,  whereby  the  enc1<^so<l  gn*  » 
further  expandei  its  escape  being  prevented  by  the  simultaneous  formati«»tj  oi  t\- 
crust.  The  crumb  of  the  bread  thus  produced  is  a  soft  porous  mass  '»t  >»wr^llfri,  i;it 
otherwise  unaltered  starch,  mixed  with  vegetable  fibrin ;  in  the  crust,  the  st^zri: j  is 
mainly  converted  into  dextrin  and  empyreumatic  products. 

It  is  the  rising  of  the  dough,  produced  by  the  carbonic  acid,  which  fx^rts  to  vrtS 
made  bread  its  peculiar  lightness,  and  distinguishes  it  from  the  clo«e,  heavy  CAkf.  p r^ 
duced  by  merely  mixing  flour  with  water  and  baking  it.  The  usual  mt-thod  of  c^^  f~ 
rating  the  carbonic  acid  is  by  fermentation,  and  the  manner  in  which  thi*  prr.rr>^s  j 
conducted  has  great  influence  on  the  quality  of  the  bread ;  as,  if  it  be  not  carnr.i  ut 
eiiough,  the  dough  will  not  rise  sufficiently,  «nd  if  allowed  to  go  too  far,  it  trive-s  rjsi? 
to  the  formation  of  acid  and  other  objectionable  products.  To  facilitate  the  uhIiT' 
standing  of  it,  we  must  give  some  account  of  the  composition  of  flour. 

The  flour  of  all  cereal  grains  consists  of  an  azoHsed  portion,  chiefly  rentable  fiK-n ; 
a  non-azotised  portion,  chiefly  starch,  with  variable  quantities  of  dextrin  and  bc^  <r; 
and  inorganic  salts,  chiefly  phosphates. 

If  moistened  wheat  flour  be  kneaded  into  a  stiflT paste,  and  well  wa.^h>^  with  w:ir<T. 
a  milky  liquid  runs  ofi;  and  a  viscid  elastic  solid,  called  glnten,  is  left  bf'hind.  T'i» 
milky  liquid,  if  left  to  stand,  deposits  a  quantity  of  starch  mixed  with  mmat^  rar* 
tides  of  gluten,  and  the  clear  liquid  filtered  from  the  deposit,  leaves  on  eraporat.'^i'.  « 
quantity  of  extractive  matter,  consisting  of  vegetable  albumin,  dextrin,  elu''^, 
or  grape-sugar,  possibly  also  gum,  and  other  similar  proximate  principles,  Ifrri-Jin 
BoluV)le  inorganic  salts.  The  gluten,  which  is  essentially  the  flesh-forming  con^tita-xt 
of  the  flour,  consists  of  vegetable  fibrin,  held  together  by  a  ven'  tenucintui  nilr£f'i:«'»ii 
substance,  c^Uled  gJutin  or  gliadiii^  which  may  be  extracted  hy  alcohol ;  it  ;J:^:>  l-out 
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3autttles  of  G^,  and  flue  particles  of  bnn  nechuiieall;  mixnl.     It  ia  tli 
I  girca  to  the  mlrogmoiu  portioD  of  whest-flonr  ita  pfcoliar  idhnirBnea 

tha  doD^  preparad  with  it  to  Hm  into  a  apong;  mua  when  pf  Dctnted  b 
bar  canal  enina,  oata  uid  rjr  for  example,  though  rich  id  TKetable  fibril 
nwlf  any  f^iadin,  and  cooseqiuatl;  the  dough  prepsred  from  Uiem  poueaw 
niacity.  Thi*  ii  the  chief  cioir  of  the  great  Buperiority  of  vheal  otei  a. 
ia,  (or  the  prepantioa  of  bread. 
yai  in  tha  moiat  itata  ia  expoeed  to  the  air.  the  Ditrogenona  mattar  quick! 

a  pfcoliar  atala  of  deoompoallioD.  in  which  it  is  capable  of  acting  ai  a  fe: 
erting  the  March  into  dextrin  and  glucose,  and  the  glucose  into  alcohol  an 
id  (aee  FMBlcnrtaTioH),  Hence  a  portion  of  dough  which  hu  been  left  ti 
•a  paitial  decompoaition,  and  in  which  ttate  it  is  called  leaven,  ia  capabl 
;  the  ao-called  panary,  but  reallj  alcaiolic  fermpntation,  in  ■  maeh  laigt 
'  doagh,  whem  well  Imeaded  with  it.  "  A  little  leaTen  IcBTeneth  the  wbol 
*'~  ~  ithod  of  bread-making  haa  been  practised  from  the  oldeat  timea,  an 
oe  in  use  for  the  coaner  kinds  of  bread,  mch  as  the  ScJiiairiirot.  ( 
Germanj  ;  but  fof  tbeflnereorta,  beer-jeaat.  ia  nownaed  as  a  mbrtitnt 
u  a  partial  aobatitate  of  leaven.  The  pioceaa  ^nerally  adopted  in  tb: 
■a  (bllovi :  A  certain  quantity  of  floor  ia  mixed  with  jrast  autt,  and  tepi 
lia  eonaCitntea  the  "sponge,"  which  is  covered  up  and  set  aside  in  a  wan 
adergo  fermentalioD.  In  the  comae  of  an  hour  or  so,  tha  mass  swella  n 
Iv  fVom  the  eeneration  of  carbonic  acid,  large  babblea  of  which  rise  to  tl 
d  borst.  With  each  luccresive  bant,  a  sudden  falhn^  of  the  apange  taki 
wed  bj  a  gradual  riaing,  and  these  sltemuta  actions  would,  if  aUowed,  coi 
lany  hoora.  Varions  otner  modes  of  mating  an  active  sponge  are  emplojw 
J  by  the  n««  of  potatoes.  When  the  sponge,  no  mattar  how  formed,  is  in  ■ 
ndilioD,  the  baker  mixeanp  with  itfreahportionaof  floor,  salt,  and  water,  th 
)0  added  forming  the  greater  part  of  the  dough.  Tha  whole  ia  then  subjecte 
igh  kneading  with  the  hands,  or  sometimea  with  the  feet,  ao  that  the  fermen 

may  pomeate  and  affect  the  entire  anbataDce,  and  thos  cause  an  equab 
of  csrtxintc  acid  in  every  particle.  The  dongh  ia  set  asida  for  a  few  hour 
ich  the  ferwentation  proceeda,  then  knsaded  a  second  time,  and  weighed  oi 
B,  which  ate  allowed  to  continue  (cmieDting  till  they  have  doubled  the 


"Jq^ 


high  degree  of  perfection,  tt 
produeed  ebieBv  bv  the  alnten  ol  tne  a       '  ■  '    '  '  ' 

e  the 


is  produced  chiefly  bj  the  glnten  of  the  dough,  yeast  being  used  men 

be  action.    A  lump  of  dough  remaining  from  the  laat  batch  of  brrail.  ai 

of  H  Iba.  floor  and  4  Iba.  water,  ia  left  to  itself  for  ten  hours :  in  this  atai 


fresh  leaven  (^rtnun  dt  ckrf).     By  kneading  this  with  another  qnan 
WIT  and  4  Ibn.  water,  the  once-revived   leaven   {Uvain  di  prenaire) 

After  another  interval  of  eight  hours,  IS  lbs.  of  flour  and  8  Iba.  water  a: 
ling  the  twice-revived  la  a  van  (fnwtn  de  itemde);  and  after  three  hon 


ir  and  62  Iba.  water  containing  J  tol  lb.  beer-jeaat  are  added,  fori 
oished  leaven  (Uvain  dt  lout  point).  Tlie  200  Iba.  leaven  thus  obtaim 
1,  after  two  houn,  with  132  Iba.  flour  and  68  Iba.  water,  containing  j  lb. 
iBpeiuion  and  2  Iba.  common  aalt  disaolvcd.  This  quantity  of  dough  servi 
r  six  bakings.  For  the  fliat  baking,  half  the  dongh  (200  Iba.)  ia  mai 
a  of  the  required  size  and  form,  which  are  exposed  for  a  while  in  ahallo 
>  a  temperature  of  2A°  C.  (77°  F.),  and  then  transferred  to  the  oven.  Tl 
I  obtained  hss  a  aonriah  taste  and  dark  coloor.  The  remaining  half  of  tl 
igain  mixed  wit^  132  tba.  flour,  70 Iba.  wat4T,  Jib.  yeast,  and  the  reauiai 
if  salt :  the  half  of  this  qoantity  of  dough  ia  then  formed  into  loaves,  left 
nd  baked.  The  same  operations  are  repeated  three  limes,  one-half  of  tl 
og  each  time  miied  with  130  Iba.  flour.  IJlb.  yeast,  and  the  proper  quanti' 
nd  salt.  The  laat  stage  yields  the  Bneet  and  whitest  bread, 
nomul  process  of  bread- making,  the  carbonic  acid,  whose  evolution  gJT 
•o  the  bread,  is  derived  principally,  if  not  wholly,  from  the  fermentation 
of  the  floar,  induced  by  the  action  of  metamorphic  gluten.  But  flour,  i 
iRrrved.  contains  other  nitrosenised  sabstBnc«a  than  glnten,  and  other  no 
pd  substances  than  sugar.  Now  these  nitrogenoos  aubetsncea,  the  aibomi 
le,  readily  undergo  transformation,  and  then  act  as  ferments,  not  only  npi 
.  dextrin,  but  also  upon  starch,  transforming  it  into  dextrin  and  angar,  ai 
also  into  lactic  acid.  Thisistheproneas  which  takesplaee  in  the  germinstii 
□  malting  for  example  (p.  32S),  by  the  action  of  the  albumin  ia  the  pecuti. 
d  diatlate.  Now  wnan  wheat  haa  been  too  much  exposed  to  damp  durii 
DU 
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hanresting,  or  hoc  iprouted  from  any  subsequent  eause,  or  when  the  flour  eren  of  vdk- 
barvestcd  wheat  ia  exposed  to  heat  and  moistoraithe  albumin  paiises  into  this  penfiir 
Jtate,  and  the  flour  becomes  incapable  of  yielding  good  bread,  because,  dnnng  the 
process  of  bread-making,  the  conversion  of  starch  into  dextrin  and  sugar,  whidi  afviTi 
occurs  to  a  slight  extent,  then  takes  place  in  an  exaggerated  degree.     Bradaaidt 
from  such  flour,  is  sticky,  saccharine,  and  soJJtmcd,  never  light  and  pofou.    Tbt 
conversion  of  the  starch  into  dextrin  and  sugar  likewise  renders  the  breiad  darker  ia 
colour.     In  fact,  tho  brown  colour  of  wheaten  bread  made  from  flour  containing  ftae 
bran,  is  due,  not  to  admixture  of  particles  of  bran,  but  in  great  part  at  least  to  a  r<i&. 
version  of  the  starch  into  dextrin  and  sugar  by  tlie  action  of  the  altervd  albuxL!.-<:-tJi 
mutter  in  the  bran.     According  to  M6ge-Mouri^s,  bran  contains  a  peculiar  nitr^p«iii-v 
body  called  cerealin^  which  is  specially  active  in  inducing  this  conversion :  it  ap^iean^ 
however,  to  be  identical  or  nearly  identical,  with  ordiuaiy  diastase.     Be  this  a*  it 
may,  it  is  certain  that  the  Rncst  wheat  flour  obtuincd  from  the  central  p<»tion  of  iCi« 
grain,  which  contains  but  little  nitrugonous  matter,  has  ver}' little  tendency  to  nniifrsrv* 
the  change  under  consideration ;  but  course  flour  obtained  from  the  exterior  of  tbt 
grain,  is  rich  in  azotised  substances,  and  more  ready  to  undergo  the  glucosic  deterior«* 
tion.     In  white  bread  of  good  quality,  the  starch  hss  undergone  Tery  little  alteratica. 
A  small  portion  of  it  is  rendered  soluble  in  water,  but  the  greater  number  yi  the 
granules  are  simply  swollen,  not  burst,  and  may  be  washed  out  of  the  bread.  culltHrtni. 
and  weighed.     Vogel  gives  the  followini;  analysis  of  a  wheat-bread  loaf:  wm'Zat,  -{-^ 
percent.;  altered  starch,  180;  unaltered  stureh,  53*5;   gluten,   with  some  ^tarcK 
20-7  «  95-8. 

Tho  injurious  action  of  diastiise,  &c.  on  starch  in  the  process  of  bread-making  miy 
be  prevented  by  tho  addition  of  certain  miueral  substances.  A  lam  has  long  li^a 
employed  for  this  purpose  by  bakers,  and  it  certainly  has  the  eflfect  of  ivnderix^ 
available  for  bread-makiug  many  qualities  of  flour,  which  must  otherwise  be  waM»d 
Dr.  Odling  says  (Journal  of  the  Soirioty  of  Arts,  April  9, 1858)  :  *'If  we  mix  a  solaiir a 
of  starch  with  infusion  of  malt,  in  the  course  of  a  few  minutes  only,  the  starch  ran  i» 
longer  bo  detected,  bein;;  completely  converte<l  into  dextrin  and  sugar,  but  the  adiiiti-^ 
of  a  very  small  quantity  of  alum  prevents  altogether  or  greatly  retards  the  tnot- 
formation.  The  action  of  diastase  on  undissolved  starch  is  very  gradoal,  but  here  aUs 
the  interference  of  the  alum  is  easily  recognisable.  Bread  made  with  inftiaion  of  bns 
or  infusion  of  malt,  is  very  sweet,  sodden,  brown-coloured,  and  so  sticky  as  almost  to 
bind  the  jaws  together  during  mastication.  But  tho  addition  of  alum  to  the  doash 
causes  tho  loaves  to  be  white,  dry,  elastic,  crumbly,  and  unobjectionable,  both  ^  to 
taste  and  appearance.  I  have  found  that  flour  which  is  of  itself  so  g^lticotzenii*  ap  to 
yield  bread  undistinguishable  from  that  made  with  infusion  of  malt,  could,  by  the  ai- 
dition  of  alum,  be  made  to  furnish  a  white,  dry,  eatable  loaf." 

Alum  is  also  said  to  prevent  bread  from  turning  sour  and  monldj.  The  snnniev 
often  observed  in  bread  of  inferior  quality,  arises  firom  the  conversion  of  part  of  tl»f 
starch  into  lactic  acid.  Now  as  alum  prevents  the  transformation  of  starch,  it  msy  he 
expected  also  to  interfere  with  the  production  of  lactic  acid. 

Considerable  discussion  has  taken  place  as  to  the  probable  eflTects  of  the  habttul 
use  of  alumed  bread  on  the  digestive  functions,  some  medical  men  asserting  that  aicn, 
unless  taken  in  much  larger  quantity  than  is  likely  to  occur  in  bread,  is  quite  haralM^ 
while  others  attribute  to  it  the  most  injurious  effects.    In  this,  as  in  many  nirs  tfes 
truth  probably  lies  in  the  middle.    Many  of  the  statements  which  hare  been  pit  fath 
on  this,  as  on  other  questions  relating  to  the  adulteration  of  food,  are  doufatlcsi  S'OMdv 
exaggcratetl ;  nevertheless,  it  would  be  unsafe  to  assert  that  the  use  of  alum  is  qaM 
free  from  objection.    Dr.  Dauglish,  in  a  paper  to  which  we  shall  have  agpia  to  ivfe 
says :  "Its  effect  on  the  system  is  that  of  a  topical  astringent  on  the sni&es of  tbf 
alimentary  canal,  producing  constipation,  and  aemnging  the  proceas  of  absurytifla. 
But  its  action  in  neutralising  the  efficacy  of  the  digestive  solvents,  is  by  £ir  the  wsi 
important  and  unquestionable.     The  very  purpose  for  which  it  is  used  by  the  hikn; 
is  the  prevention  of  those  early  stages  of  solution  which  spoil  the  colour  and  ligfatsoi 
of  the  bread  whilst  it  is  being  prepared,  and  which  it  aoes  most  eflfectnaUy :  but  il 
does  more  than  needed :  for  whilst  it  prevents  solution  at  a  time  that  is  not  deMrahle. 
it  also  continues  its  effcKsts  when  taken  into  the  stomach,  and  the  conseqaencc  is.  thit 
a  large  portion  of  the  gluten  and  other  valuable  constituents  of  the  floor,  are  mntt 
properly  dissr^lved,  but  pass  through  the  alimentary  canal  without  afibrding  any  noarish- 
ment  whatever." 

Another  objtnitioii  made  against  the  use  of  alum,  viz.  that  it  has  the  power  of  csniv 
bread  to  retain  n  larger  proportion  of  water  tlian  it  otherwise  woulo.  so  that  bakni 
who  u»o  alum  defraud  their  customers  by  selling  water  instead  of  bread,  does  art 
appear  to  rest  on  satisfactor}'  evident^.  Odling  (/nr.  rvV.)  examined  the  new  cnn^ 
of  eighteen  alum-jd  and  seven  uou-alvimcd  loa.vi'v,  ;iud  found  that  the  formrr 
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43-S8  p(iretDt,«ndthelatt«r,  4378  percent,  vster,  the diffetraeel 
cant  u  compunl  with  the  differsDCM  between  the  indiridiuil  Ic 
h1  or  aoL  The  detulsd  rtmlt^  together  with  tha  proportioi 
tab  in  Ilia  1o>t»,  are  given  in  the  foL^wiog  tablp,  the  um^es  mi 
A  bring  the  lUHi-Jnroed  loarei.  Thej  ue  intereeting  in  >  gen«r«l 
rndent]^  of  the  alum  qneation.  The  kwTes  were  new,  that  is,  obt 
r  on  which  thej  wen  baked. 

q/  Watmb,  Nmoom  and  AtK,  in  Srtad  Alitmtd  and  Son-alume. 


Pirmuta 

°lto'».'° 

s? 

.-KX 

rtm 

fin 

43'OS 
il'BS 
4481 
46-71 
4o42 
44-33 
44-41 
38'6£ 
4277 
4387 
42-M 
44-20 
4fi-12 
44-31 
4370 
43-06 
43-9(1 
42-12 
42-S8 
4106 
44  07 
44-46 
43-43 
43-8» 
41-34 

4848 
fi607 
6374 
S212 
53-24 
S4-29 
64-38 
69-70 
66-00 
66-08 
66-83 
64-81 
S3'6S 
64-41 
6607 
66-60 
64  92 
66-6S 
66-99 
6723 
64-67 
64  22 
65-24 
66-68 
67-76 

1-49 
107 
1-46 
IIT 
1-34 
1-38 
1'21 
160 
1-23 
1-24 
1-24 
1-19 
1-33 
1-26 
1-23 
1-36 
118 
1'23 
1-43 
171 
1-26 
1-32 
1-33 
1-43 
0-90 

2-61 
1-87 
2'63 
2-19 
2-4« 
2-47 
217 
268 
2-16 
2-20 
2-17 
2-13 
243 
2-28 
218 
2-39 
2-11 
2-12 
2-60 
2-90 
2-26 
2-38 
2-3S 
2-62 
1-64 

1-83 
1-47 
1-89 
114 

1-66 
1-04 

1-06 
116 
1-31 
0-93 
1-12 

117 
1-28 
l-Ol 
1-24 
1-13 
1-33 
1-34 
1-39 
1-08 
1-18 
1-19 
117 
1-33 

^ 

108G'84 

1381-61 

52-66 

67-67 

31-63 

61! 

43-43 

66-28 

1-30 

2-30 

1-26 

S 

,ei  has  alao  been  noomnunded  to  prevent 
cstion  into  dextrin,  nigu,  and  laetie  add.  It  wM  finrt  nggeat' 
I  said  to  have  been  nacdto  a  oouidanible  extent  bj  the  Olaagow  b 
from  laboratory  expsrinenta,  that  lime-water  ii  quite  aa  eft 
eventing  the  action  of  diaitaee  npon  starch,  bat  aeenu  to  have  so 
on  the  fermentation  indaeed  l^  jeaat,  or,  at  anj  rate,  a  much  leea  i 
lich  certainl;  Mtard*  the  proeeaa  ina  perceptible  degree.  Inthia  r 
ter  pose««es  an  advantage  over  ainm  ;  it  wonld  alw  doabtleea  b 
bjemonable  in  ita  direct  action  on  the  digestive  organa.  Bread 
greeable  taata,  of  tather  mon  poion*  textnce  than  ordmary  bako-'a  1 
I  from  eoumesa. 

□ubtlm  many  other  mineral  sabataocea  which  woold  act  in  the  aan 
ne-wKtar.  Thna  sulphate  of  copper  seta  very  powaiAilly  in  o« 
diastaae,  and  i*  Mid  t«  have  been  iwed  tor  that  pnrpoee  in  Belgin 
■It  being  dissolved  in  about  a  qoart  of  water,  and  a  vine-glaasftil  o 
d  with  Uie  water  neceaaai;  for  flFtj  qnartem  or  foor-poimd  loaves. 


I 
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>  660  BREAD. 

Mineral  substances  added  to  bread  may  be  detect^  and  estimated  in  th«  lAh  hj 
the  ordinary  processes  of  inorganic  analysis.  A  few  detaila  may,  howerer,  b^  ^.tlM 
relating  to  the  detection  and  estimation  of  alumina.  The  bread  taken  for  exAinJti^ti<.D 
should  be  crumb,  from  the  middle  of  the  loaf;  it  should,  be  carefolly  tnmmL><i  tr«'i& 
cni.'^t  and  outside  crumb,  as  those  portions  may  be  dirty.  It  is  then  to  be  cb&rr^l  rjit 
a  platinum  tray ;  the  charcoal  reduced  to  powder  and  incinerated  in  a  muffle  (p.  ilhi; 
the  ash  digested  in  pure  strong  hydrochloric  acid ;  tiie  filtered  solution  erapciraM  •<> 
dryness  to  render  silica  insoluble ;  the  dried  residue  drenched  with  strong  hyiirocblT;? 
Hcid,  then  boiled  with  water,  and  the  liquid  filtered.  The  acid  filtrate  must  next  > 
nearly  neutralised  with  carbonate  of  sodium,  pure  alcoholic  potash  added  in  txo«A 
which  will  precipitate  earthy  phosphates  and  retain  alumina  in  solntiuo,  and  tr.« 
liquid  boiled  and  filtered ;  aqueous  potash  must  not  be  used,  as  it  alwa\^  cnut^im 
alumina.  The  alkaline  filtrate  is  then  to  be  slightly  supersaturated  with  hydny^iJon; 
acid  and  boiled  with  carbonate  of  ammonium  ;  this  will  precipitate  all  the  ai^imrna. 
which  may  then  be  collected,  dried,  and  tested  with  nitrate  of  cobalt  before  the  bu:»v-. 
pipe.    (See  p.  165.) 

■  If  a  quantitative  determination  is  to  be  made,  it  must  be  remembered  that  tK« 

alumina  precipitate  generally  contains  phosphoric  acid.  To  estimate  the  anjouot  of 
this  acid,  the  precipitate,  after  being  weighed,  is  to  be  dissolved  in  hydpocWt>nc  a.'id, 
the  solution  mixed  with  tartaric  acid,  excess  of  ammonia  added  (which  will  prrx hr^ 
no  precipitate),  and  then  sulphate  of  magnesium.  The  phosphoric  acid  will  thtn'r 
be  precipitated  as  ammonio-magnesian  phosphate,  which  is  converted  by  ijiiiitio.,  idto 
pyrophosphate  of  ma^esiura,  IVIgT^O',  whence  the  quantity  of  phosphoric  anhydr  ^ 
(F*0*)  may  be  calculated,  and  this,  deducted  from  the  total  weight  of  the  almnb* 
precipitate,  gives  the  quantity  of  alumina.    Or  the  precipitated  alomina  cont^iijr 

,  phosphate  may  be  dissolved  in  nitric  acid,  a  piece  of  metallic  tin  added,  and  the  iior.,.] 

boiled:  the  tin  is  thereby  oxidised,  and  remains  as  an  insoluble  powder,  cornier  r.z 
of  stannic  oxide  and  phosphate,  the  whole  of  the  phosphoric  acid  bein^  thus  8epajrat..-d 
from  the  alumina.     The  whole  is  next  evaporated  to  dryness,  the  residue  treats  n  ta 

,  water  and  filtered,  and  the  alumina  precipitated  from  the  filtrate  by  carbonate  of 

ammonia. 

UifFESMEirrEi)  Brbad. — Instead  of  using  alum  or  other  mineral  substance?,  u 
above  described,  to  counteract  the  injurious  secondary  actions  which  take  place  dario:^ 
the  fermentation  of  dough,  methods  have  been  proposed,  and  fo  a  certain  extent  ctjTi^^ 
out,  for  dispensing  with  the  fermentation  altogether,  and  supplying  the  carVionic  arid 
which  is  to  give  lightness  to  the  dough,  from  some  extraneous  source. 

1.  Instead  of  mixing  salt  (chloride  of  sodium)  with  the  fiour  and  water,  hyflroch!>T:.' 
acid  and  carbonate  of  soda  are  added  in  the  proportion  required  to  form  chlornie  if 
sodium,  the  carbonic  acid  thereby  evolved  causing  the  dough  to  rise  just  as  if  it  hifl 
been  generated  by  fermentation.  Bread  thus  made  is  said  to  be  of  grxxi  qualify, 
though  it  is  never  so  white  as  ordinary  baker's  bread.  There  is,  however,  a  teno^ 
objection  to  its  constant  use,  namely,  that  it  is  liable  to  be  contaminat<?d  with  ars<iur, 
introduced  by  the  hydrochloric  acii  That  acid  indeed,  as  found  in  commerce,  ai^iji 
oontains  arsenic,  the  complete  removal  of  which  can  only  be  effected  by  a  process  niuh 
too  costly  and  troublosorae  for  the  purposes  of  a  bake-house ;  and  though  the  ouaLtity 
of  arsenic  actually  present  in  the  bread  may  be  small,  still  by  daily  use  it  might  a^.'o- 
mulate  in  the  system  and  ultimately  produce  injurious  effects. 

2.  Preparation  o/ Aebatbd  Brbad. —  Carbonic  acid  gas  produced  from  chalk,  either 
by  the  action  of  dilute  sulphuric  acid  or  by  ignition,  and  stored  in  an  ordinary  iraf- 
holder,  is  pumped  therefrom  into  a  cylindrical  vessel  containing  water,  wheneby  the 
water  becomes  charged  with  the  gas.  This  carbonic  acid  water  is  mixed  under  pr»-- 
BUre  with  the  fiour,  and  the  resulting  dough,  which  becomes  vesicular  on  the  remonl 
of  the  pressure>  is  divided  into  loaves  and  baked.  This  process,  which  was  iiir<»cTr«l 
and  patented  by  Dr.  Dauglish,  haa  been  carried  out  on  a  large  acale  in  Loud«.*o  ai:J 
other  places* 

The  following  is  a  description  of  the  apparatus:  —  A  (Jiff.  112)  is  the  mixer  or  rrs»l 
in  which  the  flour,  water,  and  salt  are  mixed  together.  It  oonsiata  of  a  very  ^tn^nff 
iron  spheroidal  vessel,  with  an  internal  capacity  of  from  17  to  20  cubic  feet, '  It  hia 
an  opening  B  at  the  top,  to  which  an  air-tight  cover  is  fitted,  and  the  mean^  of  cWirz 
it  to  resist  considerable  preasore.  Tliere  is  also  a  corresponding  opening  C  at  the  bot^ >m, 
large  enough  for  a  man-hole,  and  also  closed  by  a  lid,  to  which  is  attached  the  ap)*. 
ratus  for  drawing  off  the  dough  through  suitable  mouthpieces  in  a  continuous  htT^-nm, 
which  is  cut  into  pieces  by  a  boy,  and  received  into  boxes  or  baskets  to  be  cnnvfTvJ 
to  the  oven.  Through  the  centre  of  the  mixer,  a  shaft  paasee  fornisbed  vi-ith  sm^ite 
boxes,  to  prevent  the  escape  of  compressed  gas.  and  in  this  shaft  auit«.hI(^  mixint!  arro* 
are  fixed:  by  means  of  the  necessary  gearing  this  shaft  ia  made  to  rotate  Uy  .•1<ijti 
power.     D  is  a  copper  water- vessel,  having  communication  with  the  mixer /wm  i-i* 
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•  deterioration  of  the  flour,  which  takes  place  in  the  ordinary  process  (p.  667),  md  thei^H 

I  obviating  the  necessity  of  using  alum.     4th.  Its  certainty  and  aniformity.     Owin^  t^ 

differences  in  the  character  and  rapidity  of  the  fermentation,  dependent  on  Tariat:on» 
of  temperature,  quality  of  yeast,  &c.,  the  manufacture  of  fi?rmented  bread  ftw:ji3<^*!j 
presents  certain  vagaries  and  irregularities  from  which  the  new  process  is  entirely  fr^. 
6th.  The  character  of  the  bread.  Chemical  analysis  shows  that  the  floor  has  xni^.t  t- 
gone  less  deterioration  in  bread  made  by  the  new  than  in  that  made  by  the  fem«Tti'^ 
process.  In  other  wortls,  the  percentage  of  extractive  matt«rB  is  smaller.  The  rtw 
bread  has  been  tried  dietetically  at  Guy's  Hospital,  and  by  many  London  phj«i*-iai)r 

!  and  has  been  highly  approved  of.     It  is  well  known  that,  for  some  years  past,  thfi  u**- 

of  fermented  bread  in  dyspeptic  cases  has  been  objected  to  by  members  of  the  tneih-  .1 
profession,  the  debris  of  the  yeast  being  considered  unwholesome,  and  liable  to  iL.'»)-% 
acidity.  6th.  Its  economy.  The  cost  of  carbonic  acid  is  alleged  to  be  leas  t^iazi  x\r 
cobt  of  yeast.  Moreover,  in  making  fermented  bread,  there  is  a  small  but  neoi***.  rr 
waste  of  the  saccharine  constituents,  which  is  avoided  in  the  new  process.     7th.  Tji 

;  saving  of  labour  and  health.     It  substitutes  machine  labour  for  manual  labcfor  c4  % 

very  exhausting  kind.  The  sanitary  condition  of  journeymen  bakers  was  invp*tiL'at*  i 
some  time  ago  by  Dr.  Guy,  and  found  to  be  most  lamentable,  from  tbrir  conrfar! 

'  night  work,  and  finom  the  fatiguing  and  unwholesome  character  of  their  labour,  fvir- 

ticularly  the  kneading.  In  a  politico-economical  point  of  view,  the  process  is  *!.«.• 
important,  as  removing  bread-making  from  a  domestic  manual  work  to  a  manufactnrin^; 
machine  work.  From  the  character  of  the  apparatus,  the  process  can  only  be  w^ 
profitably  on  a  lai^e  scale,  and  not  in  small  bakeries. 

'  Of  all  the  advantages  just  noticed,  the  most  important  is  the  prevention  of  the  4*- 

terioration  of  the  flour,  which  is  so  apt  to  occur  in  the  ordinary  process  of  br»^i- 
making.  We  have  already  observed  (p.  657)  that  tliis  deterioration  consists  in  a  too 
great  conversion  of  the  starch  into  dextrin  and  sugar,  and  that  it  takes  place  to  tb« 

,  greatest  extent  when  flour  is  used  which  contains  the  Mctemal  as  well  as  the  ceotrsi 

portions  of  the  wheat-grain,  because  the  external  portions  are  rich  in  nitTti^«»n  >q,« 
matter, — the  central  consisting  almost  wholly  of  starch, —  and  a  portion  of  this  mittrt 
passing  into  a  metamorphic  state  (diastase  or  cerealin)  and  acting  aa  a  frrsit^at. 
produces  the  change  just  mentioned.  Now  it  is  important  that  this  exteniai  uir^r*- 
genous  portion  of  the  grain  should  be  retained — especially  for  persons  who  eat  t^i 

I  little  meat,  and  to  whom  bread  is  essentially  the  staff  of  life, —  both  for  it**  dirwd 

nutritive  power,  and  for  the  part  which  the  metamorphic  gluten  andoabte<ily  plsT»  i> 
assisting  the  solution  of  the  starch  and  unaltered  gluten  in  the  procesa  of  tli:rrT<«t!»»t 
In  this  country,  however,  there  is  an  almost  universal  preference  for  white  bnai,  *nd 
consequently  the  miller  contrives  so  to  grind  and  dress  his  flour  as  to  get  rid  as  far  ^i 
possible  of  the  nitrogenous  portion,  and  thereby  prevent  the  conversion  of  the  starrl. 
into  dextrin  and  sugar  during  fermentation,  which,  as  already  observed,  is  the  chui 
cause  of  the  loss  of  whiteness.     Hence  it  is,  perhaps,  as  Dr.  I)anplish  snjcnErest^  tial 

1  wheaten  bread  has  not  hitherto  entered  so  extensively  into  the  diet  of  the  poor  nwD 

in  England  as  oatmeal  in  Scotland.  The  latter  is  prepared  for  food  by  sinapiy  bc'lh^ 
it  in  water  in  the  form  of  a  porridge,  so  that  all  the  elements  are  preaent<xl  to  Im 
system  uninjured  by  artificial  process^,  whereas  our  wheaten  bread  is  generally  preninij 
in  such  a  manner  as  to  rob  it  of  certain  of  those  constituents  which  not  only  pMje^Miu 
themselves  great  nutritive  power,  but  likewise  materially  facilitate  the  dij;«'*»tion  of  Th* 
whole.  Now  the  new  method  of  bread-making  renders  it  |)Os«ible  to  retain  ah  th»-x 
matters,  and  at  the  same  time  to  produce  a  light  crumbly  loaf,  without  the  use  of  !l1  am 
or  any  other  mineral  ingredient.  (See  a  paper  by  Dr.  Dauglish  read  before  the  SptI'^'t 
of  Arts,  25  April,  1860 ;  also  "  On  Fermented  Bread  and  Aerated  Bread,'*  iledi-i 
Times  and  Gazette,  12  May,  1860.) 

For  further  details  on  the  making  of  bread,  and  for  descriptions  and  fifirures  d 
kneading  machinery  and  patent  ovens,  see  the  article  Bbb^d  in  Urf^s  DictitfHJir^'  ^J 
Arts,  Manufactures,  and  Mines,  L  400 ;  Muspratt's  Chemistry,  L  353 ;  Paven,  Prtx;$ 
de  Chimie  IndustrielU,  i""  6d.  ii  126;  Handworterbuch  d.  Chrm.  4«»  Anfl.  'ii  [Jl  511. 
On  the  composition  of  wheat-grain,  flour,  and  bread,  see  La  wes  and  Gi  1  bert.  (CIi^ol 
Soc.  Qu.  J.  X.  1,  269.) 

See  IciCA  RasiN. 


and  BSSZnr.    See  Arbol-a-Brea.. 

A  mineral  occurring  in  cavities  of  Vesuvian  Uts,  in  capill.*^ 
crystals.  Chapman  (PhiL  Mag.  [3]  xxxA'ii.  444)  regards  it  as  avariefy  of  auO. 
Tlie  form  is  that  of  basaltic  augite.  Colour  brownish  or  grey  with  metallic  liisLre.  Mei^» 
before  the  blowpipe  to  ashining  magnetic  bead.  Not  attacked  by  boiling  hydrochloric  ari'i 

I.     Native  antimonide  of  nickel,  Ni'Sb*  (p.  316). 


BREMER  GREEN —  BRICKS.  « 

aMMMM.     A  erem  pigment  coiuigting  chieflr  of  bisie  carbomiK 
rit)i  olnTuioB  andeaiboDBte  of  CBlciam,     AroonliD((  to  Bley,  ■  floe  bl 

obtiui]>>il  by  dixolTing  commercial  lulpbiM  of  eopp«r  in  10  pts 
1  little  nitric  acid,  leaving  the  liquid  to  itself  lor  ■  week,  then  fllteri 
ne-ntet,  predpitatiiig  with  SItned  eolntjon  of  p«arl-a«b,  and  mi] 
cipiule  with  giun-wat«r  to  give  it  Imtre. 
IZTM.     See  HumaiTB. 

FB.       S«r  N ATHOLTTB. 


ail,  01  ise  maaocunic  tytum,  wiui  tne  lateni  lacea  mcunBa  ra  lot 
UQ  uigle  of  93°  Itf.  Specifle  grsTitv  2-12  to  3'2  (Brewster);  3- 
irdneu  —  GO  to  6'S.  Anmdingto  the  followiitg  husIvsm  bv  Com 
F.  xir.  3fi),  ThomuDD  (Minprelogj,  I  318).  and  Hsllet  (SilL  Am 
,  it  i«  of  the  fbnn  H*O.Al<0*.e3iO*  -•'  SHK),  the  iTmbol  U"  drool 
ium,  and  calcium  in  the  atomic  prapoition  8i :  Ba :  Cn  —  1 :  2  :  1,  i 
he  water  aa  bau«  aitd  aubatituting  of  ••  IS'S  for  AI  b  37'4.  the : 
edoced  toM~ii^H'*Si*0'i,  which  ia  of  the  form  B^*0'or  B'SiU'.R'Si 
U'O"  Bft'O  8r"0  C«"0  H'O  FeK)" 
T'19  67.;  832  135  12-98  0^9  -  100-tS  (Connell) 
fl-M  602  9-01  O'SO  U-73  —  -  100-17  (.ThomaoD) 
a-26  6-80  8-99  119  13-33  trace  -  S7-87  (Mallet) 
rpiw  itparta  wilL  its  water  and  becomea  opaque,  then  fivthi,  and  fn 
nttL  difficulty.  LeavM  a  aiJica  akeletoa  wben  fiued  with  nboepho 
■  in  Beida.wiUiaeparatioD  of  silica.  It  occun  at  Strontian  in  Argjleil: 
a  Caoaeway,  in  the  lead  miani  at  St  Torpet  near  Frcihiug,  in 
le  department  of  Isire  in  France,  and  in  the  Fjreneea. 
OXZM.  A  liquid  hjdrocarbon  foond  in  minute  caTilJe*  in  eijetal 
cttI,  qnartc  bom  Qaebec,  and  amethyst  from  Siberia,  in  which  it 
:  D.  Brewster.  It  ia  transparent  and  colonrleas,  and  ii  nearlr  tfaittv. 
isible  by  heat  as  water,  increasing  one-fourth  of  ita  volume  by  aa  m 
at  6(fi  P.  On  expoaure  to  the  air,  it  nndergoea  quick  motions 
Inally  arapoTatea,  leaving  a  nddna  of  minute  aoiidparticlea,  which,  f 
if  the  hand  alone,  suddenly  become  fluid  again.  The  residue  voUtU 
isBOWes  in  acida  without  effloreac<>Dee.     (Dana,  ii  171.) 

Common  hricki  are  made  with  clay  mixed  with  sand  or  aahea, 
t  at  virions  temperatures.  In  some  southern  conntriea,  bricks  are  me 
un,  hut  they  then  remain  veij  friablt^  and  are  flt  only  for  light  i 
early  all  sedimentary  or  alluvial  formatums  contain  dava  which  ma; 
3g  hricks.  Some  elavs  do  not  require  any  addition  of  aand,  but  i 
n  admixture  of  sand  is  necetisary.  In  this  countrv.  eoal-asheaara  nki 
partly  to  give  it  the  right  conaistence,  partly  to  facilitate  the  bnci 
g  up  and  turned  over  in  the  irinter,  and  being  thus  expoud  to 
irciaks  up  and  mixes  better  with  the  coal-aihe*  which  an  afterw 
tiff  days,  SO  chaldrons  of  sshn  are  added  to  210  cubic  yatda  of  e 
Lining  mnch  sand,  10  chaldrons  of  ashes  to  220  cubic  yards  of  clay, 
es  make  100.000  bricks.  The  daj  and  ashes  are  mixed  with  watOT 
>}rporatcd.  Srst  by  caking  and  afterwards  in  the  pttg-tnill,  which  ii 
irrel,  in  the  centre  of  which  is  a  vertical  shaft,  worked  t^  a  horee, 
lives,  all  of  which,  except  the  top  one,  are  fbmisbed  with  teeth.  At 
barrel,  ts  a  small  hole,  through  which  the  maaticBted  clay  is  toreei 
of  the  teeth.  The  clay  is  next  fashioned  into  bricks  in  reelang 
Is,  previously  sanded.  The  bricks  are  then  dried  in  the  air,  and  a 
p  into  heaps  called  cf<nnp>,  having  flues  or  spaces  left  in  them,  whicl 
y  wood,  on  which  is  nut  a  covermg  of  breete,  a  coarse  kind  of  coal 
lifting.  The  damp  when  full  is  surronnded  with  old  bricks,  and  on 
ick  Uyer  of  breeze  u  laid.  The  external  bricks  at  the  sidea  are  <o 
astering  of  clay,  to  exdnde  the  air,  and  in  wet  weather  pratectei 

?rushee  woven  into  them.  The  fire  ia  lighted  at  the  months  of 
it  bnniB  well,  are  then  stopped  up.  In  finvourable  weather,  the  bi 
bout  twenty-five  or  thirty  days.  In  this  mode  of  bmtilng,  Ihecoal-i 
in  the  Bulwtance  of  the  bricks  contribute  greatly  towaidi  the  el 
ivcvcr,  bricks  are  burned  in  kilns,  and  then  they  have  no  aahea  n 
e  firing  Wing  wholly  eil*ma1, 
are  bricks  made  of  rcfnictory  clay,  thai  ii  of  day  which  wiJl  stai 


I 
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rerj  fltrong  heat  without  fiising.  Such  cUys  most  be  firee  from  lime  and  oxIJ«*  of 
iioxu  The  clay  of  Stourbridge  in  Worcestenhire,  and  those  of  Burgundy  arw  f^l^^ 
brated  for  their  fire-resisting  qualities,  and  are  therefore  used  for  niAing  brieks  for 
lining  furnaces.  The  clay  is  mixed  with  sand  or  with  the  fragments  of  old  fir**- 
brickb  ground  to  powder.  (See  Ur^s  Dictionary  of  Arts,  ManufacturtSf  and  Mint*, 
i  441.) 

BBZOXB  (r&OATIVO).  Bricks  that  swim  on  water  were  manufactured  y>y  th# 
ancients ;  and  Fabbroni  discovered  some  years  since,  a  substance,  at  Castel  dd  Pi2^^, 
near  Santa  Fiora,  between  Tuscany  and  the  States  of  the  Church,  from  idiich  aimil&r 
bricks  might  be  made.  It  constitutes  a  brown  earthy  bed,  mixed  with  the  remains  of 
plants.  Hauy  calls  it  talo  pulvSrtUent  siliciflre,  and  Brochant  considers  it  as  a  variety 
of  tneerschaujn.  The  Germans  name  it  Berqmehl  (mountain  meal),  and  the  It-alixna 
latte  di  luna  (moon  milk).  According  to  Elaproth's  analysis,  it  consists  of  79  «ili<^<i, 
b  alumina,  3  oxide  of  iron,  12  water,  and  1  loss,  in  100  pts.  It  agrees  nearly  in  rctft:- 
position  with  Kieselgukr,  U. 

BKnULASTT.  Diamond  cut  in  such  a  way  as  to  reflect  light  most  rividly.  is 
called  a  brilliant  (See  Diamond.) 

BSZatSTOm.    See  Sulphxjb. 

BAnmOWXA  ZMBZCA.  A  plant  belonging  to  the  order  Guttifera.  T^ki 
pericarp  of  the  fruit  is  used  in  6oa  as  a  spice,  and  the  blood-red  acid  juice  &si  a 
lemonade.  The  seeds  are  convex,  red-brown,  tasteless,  of  the  size  of  ordinary  V«eari«, 
and  contain  1*72  per  cent,  nitrogen,  or  after  removal  of  the  fat,  2-68  per  cent  In  tavi 
dry  state,  they  do  not  yield  any  fat  by  pressure,  requiring  to  be  previously  eoft^ned  >7 
vapour  of  water ;  by  the  use  of  solvents,  30  per  cent  of  fat  may  be  extracted.  Tli< 
crude  fat  is  nearly  colourless,  melts  at  40°  C,  dissolves  sparingly  in  hot  alcohoL  ^xA 
easily  saponifies,  yielding  glycerin,  together  with  oleic  and  stearic  acids,  the  latter 
amounting  to  60  per  cent  From  the  crude  fat,  pure  stearic  is  easily  obtained  by  cry*- 
t^illisation  and  pressing  out  the  mother-liquor.  The  red-brown  cake  left  after  ex- 
hausting the  fat  with  ether,  contains  a  fine  red  colouring  matter,  soluble  in  water  a&«l 
alcohol,  insoluble  in  ether  and  in  acids.  (J.  Bonis  and  D'Oliveira  Pimentel, 
Compt  rend.  xliv.  1355.) 

BSXT AVVZA  IXMTASkm    An  alloy  of  tin  and  antimony.    (See  Ttx.) 

8XXTBTVB.    Syn.  with  OuLXTEHana. — BBXTXBB  OUX.    See  Dectkcl 

BSXTTXA  SZ&VaB  OSB.    Native  sulphide  of  silver.     See  Siltbr. 

BftOCATBXi&O.    A  calcareous  stone  or  marble,  composed  of  fragments  of  foor 
eolours.  whit«,  yellow  grey,  and  red. 

B&OOCO&Z.     See  Bbasstca. 


A  basic  sulphate  of  copper,  Cu''S0^3Cu'H»0',  found  n-ntlv^ 
associated  with  malachite  and  red  copper  ore,  at  Ekalherinenbnig  in  Siberia,  arid  ai 
Kezbanya  in  Hungary.  Small  right  rhombic  prisms  of  117^.  £merald-gTt»en,  triu^ 
parent,  with  glassy  lustre;  harder  than  calcspar.  Specific  gravity  3*80 — 3*87.  Jdclu 
before  the  blowpipe,  and  forms  a  bead  of  reduced  copper  or  charcoal. 

BSOBBBO  TAlTTAXiXTB.     See  Tantai.itb. 


L    A  sulphantimonite  of  lead  and  silver,  Pb^Ag^S'-Sb^,  fMo 
Mejuco.    It  occurs  in  masses  without  cleavage.    Lustre  metallic.     Streak  greyioh 
black.     It  is  rapidly  attacked  by  strong  nitric  acid.     An  analysis  by  Damour  (Ann 
Min.  [4]  xvi.  227)  gave  1938  per  cent  8,  29-96  Sb,  26-03  Ag,  24*74  Pb,  0*64  Cu,  and 
0-04  Zn. 

BBOOVXABTZV  or  BBOOVZJIBTZTB.    Syn.  with  OLAUBBBrrm. 

BB0BIACBTZC  ACZB,  C^"BrO».— (W.  H.  Perkin  and  B.  F.  Duppa,  Cheoi. 
Soc.  Qu.  J.  xi.  22.) 

Formation. — By  the  action  of  bromine  on  acetic  acid :  — 

C»H*0«  +  Br»  =  C»H«BrO«  +  HBr. 

A  small  quantity  of  dibromacetic  acid  is  formed  at  the  same  time. 

Preparation. — A  mixture  of  glacial  acetic  acid  and  bromine  in  equal  number  of 
ntoms  (an  excess  of  acetic  acid  being  used  to  absorb  the  hydrobromicacid  and  tht'ivbv 
diminish  the  pressure)  is  introduced  into  a  strong  sealed  tube,  and  heated  in  an  nji- 
l»;ith  to  160°  C,  and  the  bath  is  then  left  to  cool  gnidually.  When  the  tempcmtiirp  has 
fallen  to  about  146°,  the  mixture  suddenly  becomes  nearly  colourless,  or  light  am^K•:^. 
bn)H'n,  and  at  the  same  time,  the  tubes  are  apt  to  burst,  though  the  temperataiv  ni 
the  bath  may  have  risen  as  high  as  156°.  The  tube  when  quite  cold  l«  opt'otil 
torrents  of  hydrobromic  acid  gas  then  escaping;  the  contents  are  transfem-d  to  a 
retort  provided  with  proper  apparatus  for  condensing  tlio  li)  tlrobnmiic   acitl,  and 
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300°;  and  tha  retort  ii  1^  to  oool.  The  whole  eontetti  then  lolidify 
ile  into  a  beuitiftillj  OTiUUiiie  mm,  cotuutiDg  of  biomaotic  uiil  dibro- 
ida,  mixod  with  i,  little  hjdiobromie  add,  to  nmore  which  the  mixtnr* 
1  180°,  and  cartMiiio  acid  gai  paaaed  through  it  till  the  pmeaoe  of  hjdio- 
d  ii  no  longer  iodicatvd  hj  tiitnte  of  tilTer.  Ciulxnute  of  Ind  is  then 
ceea^  tepthor  with  a  Totnms  of  wat«r  about  ten  timDi  ai  great  as  that  of 
uid  the  whole  ii  heated  to  100°,  and  allowed  to  atand  for  ■ome  honia, 
«  of  lead  then  crjatalliaM  out,  whS«  dibnmacetata  lenuuM  in  aolatiML 
la  maj  be  freed  ttom  the  laat  portioiu  of  thit  aalt  bjr  wa*hiiig  with  a  liltia 


tic  acid  forma  rbombohednl  ojitala  which  are  veij  deli^pMMMit.  It  roelta 
C,  and  boila  at  308° ;  attacka  the  akin  powerfiilly,  laiauig  a  Uiater  like  » 
n  the  acid  ia  dilnt*^  thia  «ffect  take*  place  after  eight  or  ten  hour*  tnHj.    It 

I  itrongl;  heated  in  a  aealed  tube,  ia  reeoWed  into  dibromacetic  acid, 
:ide,  and  apparentl;  marah^gaa,  together  with  water  and  hjdrDbromic  add. 
\  repreeented  bj  the  eqnadoD : 

aCTI'BrO'  -  C?H'Bi*0'  +  SCO  +  CH'  +  HBr  +  2*0. 

llins  it  with  acetate  of  potiiiiiam,  acetic  add  ii  erolTed.— Heated  with 
IK,  it  yieldi  acetate  and  bromide  of  ciae. — Heated  with  ainmoma,  it  fonna 
ammoniom  and  gljeodna ; 

CH'BrO'  +  aNH*  -  2ra*Br  -.-  (THWO*. 

ta  monobasic,  tha  formola  of  ita  aulta  bebg  C^*BrO'JI.  Moat  of  them 
iaable  and  many  of  them  dscompoee  rapidly. 

lalt  of  ^mmiHiium.— Nearly  imcrystalliaable ;  re^  aolabla  in  water;  de- 
rhen  heated,  jiielding  bromide  of  ammoniiuii. 

lots  of  Barium  cryHtallisea  with  difficult  in  aniall  atan  oontaining  water 
sation  ;  it  ii  loierablj  Bolable  in  alrohoL 

tail  of  Calaum  ii  a  veij  difficultly  cnatallisable  uJt,  verr  aoluble  in  water. 
tale  vf  Copptr  ij  a  green  i^italline  aalt,  very  aoloble  in  water.  A 
t  appears  to  decompoee  when  boiled,  aa  the  eoloor  become*  paler.  The 
,■.,..._...  I..  _  I.  ..■-..  ...  1  jBdajBtala  and  amajl  mala- 
a  large  quantity  of  water  of 

tatt  of  Lrad. — Obtained,  either  by  neutroliaing  bromacetie  acid  with  oxide 
1  recryitallising  the  product  &om  water ;  or  by  adding  a  aolatioa  of  brom- 
to  aaolation  of  acetate  of  lead,  waahing  tbe  neolting  cryitalline  predpitatt 
water,  and  rtcrystalliiiiu;  from  water.  CiyatalliMe  in  needlea,  iparinglj 
»ld,  but  moderately  ioluble  in  hot  water. 

taU  of  Pi>tmiuni,~-OhU,aitA  by  nentmliEing  a  aolntiou  of  earbonatv  Oi 
patMeium  with  bromacetic  acid,  and  CTaporaticg  the  aolntion  in  a  water- 
■  a  cryitidliDe  aalt,  yen  •oluble  in  wat«r  and  alcohoL 

tote  of  aUnr.  CHTBrAgO'. —  Obtained  by  treating  bnmacetio  acid 
mute  of  ailTcr,  or  by  adding  a  >Dlntion  of  bromacetic  acid  te  a  solution  at 
.Qtet.  In  the  latter  case,  it  is  thrown  down  as  a  beautiful  crystalline  pre- 
bich  maj  be  washed  with  cold  water,  and  dried  over  sulphnric  add  in  vacua 
3-82  per  cent,  silrer  (by  calculation,  *3'B).  It  ia  Tery  nnstabla.  The  dry 
to  about  90°  C,  decomposee  with  a  sort  of  an  explosion.  It  is  rapidly  acted 
bt  when  moiiU    Boiled  with  water,  it  yielda  bromide  of  ailver  and  ^yeoUit 

CH^AfiO*  +  HK)  -  AgBr  +  (^HH)*. 
taU  of  Soditm  ia  Teiy  soluble  in  water,  bnt  insoluble,  or  nearly  so,  in 

mo  ETHTOa.— .Bnmacrfofa  of  Methyl,  CH'BrO'-tTH^rO'.CH',  ia  oh- 

lealing  amixture  of  methylic  alcuhol  and  bromacetic  add  in  a  sealed  tnbs 
',  to  a  temperature  of  100°  C,  washing  the  product  with  water,  drying  over 
caldum,  and  recti^dng.  It  is  a  transparent,  colourless,  mobile  liquid,  having 
c  odour  highly  irritating  to  the  nose  and  eyee.  It  is  heavier  than  water ; 
lut  144°C.,  decomposing  gradually  every  time  it  is  distilled.    Ammonia  acta 

tiKs  cf  Ktkgl  CH'SrO"  ^  (WBrO'.CH*.  —  Obtained  in  a  simitar 
the  precedii^    It  t*  a  clear  colourleas  liquid,  heavier  Ibao  wftler,  and 
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hly  irnUtiaatotlipevesaadaiwe.    It  boila  mt  IS9°C.    Broimpow^  pvtUl 
e  it  U  dis^Ud,  witb  erotatioD  of  hydivbromii:  oeid.    It  ii  npull;  aeta 


dccoraposea  paitisUj  oveiy  time  it  is  distilled.    Ammonia  acta  but  slovlj'  up 


Bolllnf-pnint.  BotDriK-piHDt.    1 

BromMCtaUofMetJiTl        .    lt4°C     Acetate  of  Hetbyl    .    fiB°C. 

Ethyl .        .     169=  „  Ethyl       .    7*"  I 

Amyl .        .    207"  „  Amyl       .  125»  I 

A  aimilu  difference  eiiata  between  the  boiling  points  of  bromacetic  acid  ('JO 
Ketic  acid  (120=). 

nibromaoBtla  AoM.  CH^r'O'.  (PeckinuidDu[ip*,  Ch*in.Soc:  Qu. . 
—  Farmed,  together  irith  monobrom&eetic  acid,  when  a  mixture  of  bromine  oi 
acid  ia  exposed  to  light  (p.  6S3).  To  obtain  it  in  qnantity,  the  monobniniiiii 
ia  expoBed  to  the  action  of  bromins-Tspour  in  strong  muuduiia.  The  prodnd 
freed  from  hjdiobromie  acid  by  paraii^;  a  stream  of  diy  caibonie  Bcia  gaa  tJ 
at  120°  C. 

It  ia  a  eolonrleas,  inodorons  liquid,  of  gpecific  gravity  235 ;  it  was  onc«.  dni 
cold  veuther,  obuined  in  fine  needle-ibaped  crystaU.  When  placed  on  thi 
produces  piiinful  bUsters  lite  buma.  II  bods  between  226"  and  230°  C,  bat  C 
diatiLed  withont  decomposition.  It  disaolvea  readily  in  water,  producing  oc 
in  alcohol  and  ether.     Zinc  decomposes  it.  with  erolution  of  hydrogen. 

DibrnmacrtaU  of  Ammeniiim.  CH'BrHJ'.NH'tJsq.— Obtained  by  Dentr»l 
add  with  dilute  ammonia  and  leaving  the  aolatton  to  evanonitf,  either  ii 
or  over  sulphuric  acid  in  tbcuo.  Forms  splendid  crysIaU.  which  girs  off  th' 
■t  ItiU''.  becoming  white  and  opaque.  Heated  to  IOU°C.  with  excess  of  bhihk 
decomposed,  giving  off  volatile  products,  which  have  not  yet  been  examined, 
solves  readily  in  water,  aleohol,  and  ether. 

Pil/romacetaU  of  Potattium  is  a  beautifuUy  crystalline  salt,  shooting 
long  and  very  brilliant  crystals,  containing  water  of  uystidlisatioa ;  TBiy  ( 
alcohol  and  water,  but  not  deliquesce nt, 

Dibromacetate  of  Lead  is  a  veiy  soluble  and  uncryBtallisabls  nbetaaoe.  c 
to  A  tough  gum-like  mass.  When  added  to  water  in  excess,  it  fuses  and  n 
like  a  heavy  oil ;  it  is  formed  by  adding  the  acetate  or  carbonate  of  lend  to 
acetic  acid. 

Mereurom  DibromtUflate  is  precipitated  on  adding  a  aolntion  of  mercnroi 
to  dibromacetic  acid ;  it  much  resembles  dibiomscetate  of  sQver,  and  lika  it  i 
decomposition  when  boiled. 

J)i>.n>matittaU  of  Silver  is  formed  by  adding  the  carboaale  or  nitrate 
to  dibromacetic  acid;  it  cr^allises  in  small  needles,  often  gronped  in  st 
the  acid  is  dilute.  It  is  easily  decomposed  at  100°  C.  yielding  bromide  of  s 
bromoglycoliic  arid : 

CHBrHJjlg.O   +  HH)  =  CTHBrO.H'.O'  +  AgBr. 

Dibromacetic  acid  bested  with  ethvlie  and  amylK  idcolfJi,  yields  the  eorre 
ethers.  The  ethyl-compound  is  decomposed  by  ammonia,  yielding  aln 
dibromacetamide: 

CHBr'.CH'.O*  +  NIP  -  CH'.H.O  +  N.H-.CHBrK). 

SBOXC&OBTZWSa     See  AcFni4& 

mmOtUUb.  Hy/ndfofrn/^^^^iacr/v!.  OTid' de Brnniflhilt.  CIIBr"0=C 
(Liiwip,  Ann.  Ch.  Pharm.  iii.  22a.)— A  compound  analogous  to  chloral,  and  ] 
in  liks  manner,  by  the  action  of  bromine  on  alcohol.  3  or  4  pts.  by  weight  of 
are  gradoally  added  to  i  pt.  of  absolute  alcohol,  cooled  by  ice ;  the  mixtor*  i 
itnlf  for  ten  or  twelve  days,  and  then  distilled;  and  after  three-fourths  (ooni 
hydrobromic  acid,  bromideof  ethyl,  and  other  prodocts)  hsve  passei]  over,  thi 
i^  mixed  with  wab.>r,  and  exposed  to  the  air  for  a  day  nr  more  in  a  shallow  bi 
then  deposits  LiTge  crystals  of  hydratH  of  hromal.  wliich  ti'oJ.I  tlip  anhvdroos  cr 
by  diatillation  with  aulphurie  add.    Or  tliry  inj}*  bo  gciitly  heated  with  six  tii 
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'  (tiong  lulphtnie  acid,  and  the  uhjdnnu  bmmal,  which  thm  nnka  to  ths 

■  a  coburteu  oil,  mmj  be  wpumted  hj  deeantatioii  and  di«tillsd.  Bat  ovw 

d  then  over  quick  lime. 

I  ia  B*id  to  be  alio  prodoioed  bj  tha  action  of  faromine  on  a  mixtnre  of  aloobol 

|«iid.    (iini.) 

1  IB  a  tiuupartnt  coloorieaa  oil,  of  ipecifle  gnTity  S'31.    Itii  •omewhatgreaaj 

ich.  u)d  mikn  greoee-apoti  npon  pswr,  which  howevrr  aooD  dia^ipear,     Ita 

3iQt  is  above  100°  C,  and  it  maj  be  Stilled  wilhoat  decompoaitioiL    Ithsa« 

puQgpnt  odour,  and  ueit«a  a  eopiotu  flow  of  tean.    Ila  taata  ia  extreme!; 

1  buniini;,  and  rerj  penislenL 

1  in  deromposed  b;  aqaeniu  alkalis  in  thr  aame  msonpr  aa  eUonl.  Tieldion 

n,  CHBr*,  and  a  formate  of  the  atkali-metaL    lime  aad  barjta  heated  in  ila 

ecome  ineaadeacent,  and  decompose  it,  yielding  earbonie  oxide,  water,  and 

B  of  the  metal  mixed  with  charcoaL     Red-hot  iron  act4  in  a  aimiW  manner. 

denrntpteed  hy  nitric  acid,  aolphanc  acid,  or  chloiioe. 

fc  of  Bnmat.     CKBr^.!H*0.  — Bromal  diaaolTea  in  a  small  qnantitr  of 

d  ^e  Bolntion,  whna  left  to  enporate,  yieldi  the  hydrate  in  lai^  cnretaU, 

le  form  of  sulphate  of  copper.     TheT  melt  at  the  heat  of  the  hand,  dmoire 

I  water,  and  paid  anhydrotu  bromal  when  treated  with  anlphuric  add.     The 

a  also  formed  when  bronial  ii  expooed  to  moiit  air. 

and  phoephonut  and  mixes  teadilj  with  bromine,  alio  with 


nd  ether. 

CA»>nr.    See  AuiDT  (p.  148). 


Sjn.  with  DiBuoHoqiniToiiaxia  Aaa,  DmoMOwnifOKM)  Acm,  and  Dibbo- 
tAKiDa.     (See  Quuioinc  AciD.) 

KAVZXAXSa.    See  TBiBBOMOPKKitTi.AKlim,  nndtr  PKBHTtuiDrs. 
CAWIStO  AOKS.    See  AmHO  Acm.— ■M>K&jnso&.    See  Asiml. 
CAmOTmiTB.    Natire  bromide  of  ailTer.    (SeeSaTn.) 
Kmxm.    C"H*Br*f — A  crTitaUine  product,  <A)buned  in  amall  qnantity  bj 
a  of  bnnnine  on  cmde  beuiene.    (Lanrent) 
■JlMMamM.  MffM  ■TBIW"',  "*—  — ■■  --*■«"■     SeeVofn, 

■  ■I  ■Hfllllli     Aprodnetof  theactioDof  bramineon  thioneaMd (f. a,^ 

eolourien  tabl»,  apparently  consirting  of  C"H"Br^    (Lanrent) 

l^RSMXO  M,on».    See  Bbokidb  or  HiDBoon. 

WMmman.    (Berthelot  and  De  Laca,  Ann.  Ch  Fhyi  [>}  xlTia  SM; 

— Tfaeee  compoonds  are  produced  by  the  action  of  tribromide  or  pentabroBud* 

lonu  on  glycerin.    Their  compoaition  ii  meh  w  might  r«nlt  bom  the  eom- 

□f  glycerin  and  hydrobromic  add,  with  elimination  of  watts,  and  may  hr 

ed  empirieaUy  bj  the  general  formnla 

n  CH-O*  +  n  HBr  -  p  H^. 

names  and  formolK  ue  H  foUowi: 

MoQobromhTdria  .  .  CH^rO*  -  CTPO*  +  HBr  -  H»0 
Epibromhylrin  .    fTH'BrO    -    CfB.'O'    *■    HBr  -  SHK) 

Dibromhydrin  .  .  <?H'BrH)  -  CHK)"  *  2HBr  -  2HS> 
Tribromhydria  .  .  CffBc"  -  CHK)*  +  3BBr  -  SH-O 
Hemibromh^drin  .  .  CH'BrO'  =  aCH-O*  +  HBr  -  iWO 
HMaglycenc    Bromhy-    c'lH'^rO'- 6CHW  +     HBr  -  IIH^ 

.,  di-,  and  tribromhydrin,  may  alao  be  regatded  aa  gljcerin,  (?H'(HO)',  in 

□r  more  at.  of  peroxide  of  hydrogen  haa  been  replaced  tnr  bromine. 

«  these  mmpoiinds,  there  are  formed  at  the  bbbm  time  others  of  aimilarnalnra, 

.ve  not  been  examined;  likB«iiieBen>leii],anddibiinn*ll7lphoaidiine:,C'H*ft:'P  — 

H'Bc)'. 

ramhydrina  heated  with  aqneons  potuh  to  lOOO  C,  in  closed  TCSsoK  all  J^eld 

of  potasninm  and  glycerin. 

ration  of  thr  Bromht/drini.-— 600  ^vss,  of  glycerin  are  added  bj  amall  poi^ 

between  500  nnd  600  pmB.  of  liquid  bromide  of  phnsphorna,  the  liquid  being 

Her  each  adiiilion,  ai^  the  mixture,  aller  Htanding  for  twrnty-four  hour*,  ia 

into  a  wull-ceolcd  receiver  conunimicaling  with  n  TcBwl  conlainingpolmU-li-y, 


668 


BROMHYDRINS. 


to  absorb  the  acrolein  yapour.  As  an  additional  precaution  againat  the  injarioai*  ef^trtx 
<tf  this  Taponr,  the  distillation  and  all  the  subsequent  operutionfi  should  be  pe/forzoiKl 
either  in  the  open  air,  or  under  a  chinmey  with  a  good  draught. 

The  distillate,  consisting  of  an  upper  watery  layer  and  a  lower  liquid  insoloVJ^  is 
water,  may  be  freed  from  part  of  the  acrolein  by  heating  it  in  the  water-bath.  It  >s 
then  mixed  with  potash  in  sufficient  quantity  to  supersaturate  the  acid  and  d^stj^j 
the  acrolein,  and  the  watery  layer  is  separated  from  the  lower  liquid. 

The  watery  liquid  is  then  treated  with  ether,  whereby  an  ethereal  solution  »  oh- 
tained,  which,  when  quickly  evaporated,  leaves  a  residue  chiefly  cx)3BLxting  of  thti  mcist 
volatile  products  of  the  reaction,  together  with  epibromkydrin.  The  lower  Ijccl-I 
which  is  insoluble  in  water  and  requires  to  be  treated  for  several  hours  with  sti<4L«  cf 
potash,  consists  chiefly  of  epibromhydrin  and  dihroinktfdrin.  The  residue  which  rv<- 
mains  in  the  retort  after  the  distillation,  is  suspended  in  water,  supersatorateii  vitb 
carbonate  of  potassium,  and  shaken  up  with  ether,  and  the  filtered  etberal  trx^truf^ 
are  evaporated :  they  then  leave  a  mixture  of  dihromkydrin^  monobnymhydrin^  a»i 
several  other  substances. 

To  separate  the  individual  substances  contained  in  these  several  mixtures,  the  mix- 
tures are  subjected  to  repeated  fractional  distillation,  and  the  portion  which  dora  m  { 
volatilise  at  240°  C.  unaei  the  ordinary  atmospheric  prestsure.  is  fractionally  diyrtLiL<i 
under  diminished  pressure  (about  10mm.  of  mercuiy).  The  distillate  thus  obLftiui^i 
between  120°  and  160°  consists  chiefly  of  dibromhydrin ;  between  160®  and  24>«>^.  •  * 
compound  C'H'Br'P  passes  over  together  with  monobromhydrin,  and  between  !2c,ej* 
and  300**,  syrupy  liquids  which  cannot  be  further  separated,  but  appear  to  bo  bnfr^ 
hydrins.  In  the  retort  there  remains  a  thick  syrup,  together  with  a  black  cr>  st^ULD^ 
compound  which  is  hexaglyceric  bromhydrin. 

Monobromhydrin,  C«H^BrO« « (C«H*)"'.(HO)«.Br.— This  compound,  which  p^M^ 
over  at  180^0.  in  the  distillation  under  diminished  pressure,  ia  a  neutral  oily  Ik^tucl, 
soluble  in  ether,  and  having  a  sharp  aromatic  taste. 

Dibromhydrin,  C»H«Br*0  «  (C»H»r.H0.Br*.--Thi8,  which  is  the  cliief  prr^iu/t 
of  the  action,  is  a  neutral  liquid,  of  specific  gravity  2*11  at  18°  C.  boiling  at  2U»^ 
having  an  ethereal  odour,  and  soluble  in  ether.  Heated  with  pentabromide  of  phc^- 
phorus,  it  yields  tribromhydrin.  Heated  to  140°  with  metallic  tin,  it  is  decomj^jsc'i. 
yielding  bromide  of  tin  and  a  tin-compound  insoluble  in  water  but  soluble  in  etnt-r. 

When  gaseous  ammonia  is  passed  into  pure  dibromhydrin,  the  liquid  liecomt^ 
hot,  and  yields  bromide  of  ammonium,  together  with  nn  nmorphoua  sml^tiiijj^' 
C*H*-BrNO*,  insoluble  in  water,  ether,  alcohol,  and  acetic  acid : 

2C»H«Br20  +  4NH»  =  3NH<Br  +  C«H"BrNO«; 

hut  if  the  ammonia  gas  is  passed  into  a  solution  of  dibromhydrin  in  absolnte  alcoh>!, 
the  products  formed  are  bromide  of  ammonium  and  hydrobromate  of  gljfCfra*tunt . 

C»H«Br«0  +  (NH*)«0  «  NH^Br  +  C»H»NO«.HBr. 

Tribromhydrin.  CH*Br*. — Obtained  by  distilUng  dibromhydrin  or  epibma- 
hydrin  with  pentabromide  of  phosphorus,  treating  the  product  with  water,  distiUiDi:, 
and  collecting  apart  that  which  passes  over  between  175°  and  180°  C.  It  is  a  h^-i.vy 
liquid,  which  fiimes  slightly  in  the  air,  is  gradually  decomposed  by  water,  and  •.t^-a 
treated  with  moist  oxide  of  silver,  yields  bromide  of  silver  and  glycerin.  It  is 
isomeric  with  Wurtz's  tribromid^  of  allyi  (called  by  Bert  helot  and  De  Luca,  i*".'rr. 
bromhydrin),  and  with  dibromide  of  bromotritylcne,  C*H*Br.Br'. 

Epibromhydrin  or  Oxybromide  of  Glyceryl.  CH*BrO.  —  This  compoozwi 
is  produced  in  considerable  quantity  by  the  action  of  the  bromides  of  phosphorus  on 
glycmn.  It  may  be  isolated  by  repeated  fractional  distillation,  the  portions  whi'-h  SnI 
at  or  near  138°  C.  being  each  time  collected  apart  It  is  a  mobile  neutral  li^^iii-1. 
soluble  in  ether,  with  an  ethereal  odour  and  pungent  taste.  Specific  gravity  K15  at 
14°  C.  Boils  at  138°.  Vapour-density,  by  experiment,  678.  (Thia  is  conMiIerjbir 
above  the  calculated  value,  4*80,  probably  because  the  density  was  taken  at  a  tempera- 
ture too  near  the  boiling  point,  viz.  at  178°,  the  compound  decompoaing  r&pidlj  at 
higher  temperatures.) 

This  compound  may  be  considered  as  deriving  from  tribromhydrin,  by  the  snhrtitD- 
tion  of  0  for  Br*.  It  is  isomeric  with  bromide  of  propwnyL  C'H*0,Br,  Ita  formuU 
is  also  that  of  monobromhydrin  minus  H'^O,  or  of  dibrcmihydrin  tninus  HBr. 

Epibromhydrin,  heated  with  aqueous  potash  to  100°  for  112  houra,  saponitie^  vieldiuc 
bromide  of  potassium,  glycerin,  and  a  trace  of  matter  soluble  in  ether.  Moi«toxiV 
of  silver  decomposes  it  rapidly  at  100°,  forming  bromide  of  silver  and  glycr'rin.  IU>- 
tilled  with  pentabromide  of  phosphorus,  it  is  partly  converted  into  tpibronihy«.lriu.  i^• 
cording  to  the  equation  : 

C»H*BrO'+  PBr>Br2  =  PBr»0  +  C*U^Br*, 
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(■more  completedecomposition, Ridding* black  mbsinnce  and* 
lining,  in  100  mlomas,  S'fi  carbonic  anhjdiide,  5'S  tritylen?,  Hi) 
rbonie  oiide. 


hydrin.    CHTBrO'.  —  This  componn 
ck  uTitAlline  mua,  impregnated  with  a  a,     ,, 
rith  mid  ether ;  boiling  ether  dusalirea  it  iUghtl;. 


black  uTatAlline  maaa,  impregnated  with  a  iTnipj  liquid.    It  i* 


CHI'BfO'.  7-  Thia  componnd  paaaea  orer  in  the  fractional 
[pibromhyilrin  end  dibromhjdrin,  tii.  at  ZOO"  C.  It  i>  a  ntnitnd 
■,  and  auponifiablr  bj  polaah,  jieldiDg  bromide  of  potaaeiam.  a  anb- 
r  idcnticul  vltK  elyccria,  and  a  trace  oT  matter  solnble  in  ether. 
[»mpoand  are  Mid  to  agnw  nearly  with  the  abuve  fomoU  (nu 
Berthelot  and  De  Lucil'*  Enemoir),  according  to  whicif  it  mar  ba 
from  epibmmhydrin,  in  the  aame  manner  aa  the  latter  from 
'  abctriietiaii  of  half  the  hjdrobmmic  acid : 
C*H«BrK)  -  HBr  -  CHiBrO : 

2<?H'BrO  —  HBr  —  CH'BrO'. 
apoeition  to  iodbydrin. 

>.    HBrO*  or  H*O.BrH)*.— Thia  acid  U  [mdnoed:  L   By  tb« 
alkalie  or  alkaline  eartba : 

eBr  *  3EK)  -  KBiO'  *  SKBr. 


ion  of  penlachloride  of  broniinp  by  water  or  by  alkalii ; 
BrO'  +  SHK)  -  HBrO"  +  6HCL 

acid  (bromste  of  hydrogen)  the  barinm-aalt  is  decompoaed  with 
t  quantity  of  dilute  nlphoric  add,  and  the  GItrate  concentrated 

gentle  heat.  It  Cannot,  howerer,  ba  rednced  to  a  ayrnpy  coo- 
impoeition.  The  solntion  i*  colonrleai,  acid  to  the  taate,  reddena 
ichea  it  It  ia  decompoaed  at  100°  C,  giring  off  bromine  and 
g  agenta  dMompiwe  it  with  beilitr.  With  ivlpiuravi  aeid  tha 
■  and  Bnlpboric  add ;  with  ndph^dric  asid,  water,  bromine,  and 
ydicacid,  water  and  bromide  of  iodine;  with  hydretUnTit  mid, 
r  bromine ;  with  hj/drobrvmie  aeid,  water  and  bromine^  t.  g. : 

HBtC  r  fiQCl  -  Sn'O  *  BrCl'. 
ampoae  bromic  add,  with  formation  of  acetic  add  and  great  riae 


lobaaii^  the  fermnla  of  the  Bkoiuna  being  HBrO*  or  MV).Br*0'. 
n  aotnble  in  water,  thongh  baa  eo  than  the  bromide*.  They  may 
etion  of  brranic  acid  on  the  oiidea  or  carboaatea  of  the  metals,  or 
ute  of  bariom  with  the  eotreeponding  lulphatee  ;  the  bromatM 
dao  by  treating  the  aolntiona  of  the  allulia  with  bromine-water  oi 
nine,  and  cryatalliaing  ont  tlie  aparinglj  lolnble  bromate  from  the 
brmed  at  the  aame  time : 


moat  part  cryatalliaable,  but  many  of  them  decompose  when  then 
hence  it  is  generallj  beat  to  eraporate  the  aolntiona  in  vacno  oi 
rhe  bromatea  of  meicnrosnm,  ailrer,  and  lead  are  inaolable. 
O  redneaa  either  give  off  their  oijgtn  and  leare  bromidea  (K,  Vt, 
e  offbromineandpart  of  their  oiygen,  andleaTeoiida,e.y.; 

2ZnBrO>  -  Br*  +  0<  +  Za*0. 
,  mlphoT,  or  other  comboitiUe  anbatoneea,  they  axplode  by  beat 
olid  bromatea  heated  with  ttUpkuric  add,  gfn  oft  bromine  and 
of  a  bromate  ie  coloured  red,  even  by  dilate  aulphuric  acid.  By 
other  reducing  agenta,  they  ate  decomposed  in  the  same  mutnet 
ion  of  a  bromxle,  not  too  Oilnte,  gives  with  Itad-mll*,  a  white  [>•■ 


I 
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cipitate ;  with  mercuroua  salts,  a  yellowish  white  precipitate,  insoluble  in  »ld  actre 
acid;  and  with  sHvet'Salts,  a  white  precipitate  almost  insoluble  in  water,  s^tani./ y 
■oluble  in  nitric  acid,  easily  in  ammonia.  This  precipitate  is  di<3tingTii5bt<<i  inrri 
ehloride  of  silver  by  giving  oflf  red  vapours  of  bromine  when  heated  with  inilj»hsLr.« 
acid.  The  reactions  with  silver-salts  and  with  sulphuric  acid  distinguish  l»tvc^3^« 
from  chlorates  (j.f.) 

Bromate  of  Alxjminium. — Obtained  as  a  clear,  viscid, deliquescent  mass,  by  6Ssh.  \i~ 
ing  hydrate  of  aluminium  in  bromic  acid,  or  by  precipitating  bromat«  of  fjota&^.aia 
with  silicofluoride  of  aluminium,  and  evaporating  the  filtrate  over  sulphuric  acid. 

Bboicatb  of  Amhoniuk.  NH*BrO*. —  White  needles  or  crystalline  grat5Til«»«.  a^f*- 
rently  belonging  to  the  regidar  system.  It  cannot  be  preserved  in  the  solid  iitiX«,  k: 
it  decomposes  after  a  while,  with  violent  detonation,  even  at  ordinary  terripy?rAt3r^ 
yielding  nitrogen,  bromine,  oxygen,  and  water.  Hydrochloric  acid  ilecomix*s«rs  iv 
forming,  however,  but  a  small  quantity  of  chloride  of  ammonium. 

Bbomatb  of  Barium.  Ba"(BrO*)*  +  aq. — When  bromine  or  chloride  of  bi«mine  •» 
added  to  baryta-water  till  the  colour  begins  to  be  permnneiit,  br<>mate  of  barium  cr^stii- 
lises  out,  while  bromide  or  chloride  remains  in  solution.  But  a  better  mode  of  ftrcfa-n- 
tion  is  to  decompose  100  pts.  bromate  of  potiissium  dissolved  in  boiling:  wa-U'r,  v  "^^ 
74  pts.  crystallised  chloride  or  78  pts.  anhydrous  acetate  of  barium,  And  i»^v^  '..i* 
liquid  to  cool  slowly;  the  bromate  of  barium  then  separates  out,  while  chlond**  f^ 
acetate  of  potassium  remains  in  solution.  Acetat-e  of  barium  is  preferable  to  tL'- 
chloride  for  this  preparation,  on  account  of  the  greater  solubility  oi  the  acetuw  cf 
potassium. 

Bromate  of  barium  forms  a  crystalline  powder  or  thin  prisms  of  the  Tnocrflin*; 
system,  with  the  faces  ooP ,  ooP  oo  .  (  ooP  oe) .  Poo  .  oP .  +  P  oo.  —  a>  P.  Incliiiati~«ii  cA 
faces,  odP  :  ooP  -  82°  10' ;  (Poo)  :  (Poo)  =  79^  6';  oP  :  ooPoo  =  930  2';  ocpa  : 
Poo  =  138°.  The  salt  is  isodimorphous  with  chlorate  of  barium  (Raminel*lr-r^ 
Pogg.  Ann.  xc.  16).  It  dissolves  in  130  pts.  of  cold  and  24  pts.  boilin^i:  watfr.  i\ 
does  not  give  oflf  its  water  of  crj'stallisation  till  heated  above  200°  C.  \Sli«*n  thr-'-*!, 
on  red-hot  coals,  it  detonates  with  a  green  light.  When  heated  alone^  it  i»  re*«wT.-i, 
with  evolution  of  light  and  heat,  into  bromide  of  barium  and  oxygen  gas,  witLu  >t 
forming  a  perbromate.  Hydrochloric  or  moderately  dilute*  sulphuric  acid  dtx-omf'^^ 
it  with  separation  of  chloride  of  bromine  or  free  bromine;  very  dilute  sulphuric  ^r<J 
separates  undecomposed  bromic  acid. 

Bromatb  of  Bismuth.  —  When  bromic  acid  is  poured  upon  hydrate  of  bi^mut^i.  % 
basic  insoluble  salt  is  formed,  tc>gether  witli  a  small  quantity  of  dissolved  salt.  Tu ' 
basic  salt,  3Bi^0'.2Br-O*  +  6aq.,  is  a  white  amorphous  powder. 

Bromate  of  Cadmium.  Cd"(BrO*)*  +  aq.— Rhombic  prisms  of  127°  and  53®.  wiib 
four-sided  summits  and  truncation  of  the  acute  lateral  edges  by  two  narrow  fjkrr^ 
Soluble  in  08  pts.  cold  water.  Decomposed  by  heat,  leaving  oxide  of  cadmium  mixcj 
with  bromide. 

Amnumio-bromide  of  Cadmium^  6NH'.0d"(BrO*)',  is  deposited  from  an  ammoniarril 
solution  of  bromide  of  cadmium  evaporated  over  quick  lime,  aa  a  white  crj»udl;3d 
powder,  which  gives  off  ammonia  when  heated,  and  is  decomposed  by  water. 

Bromate  of  Calcicm.  Ca"(BrO*)*  +  aq. — Monoclinic  tables  or  needle-shAT<»i 
prisms;  ooP  :  ooP  in  the  cli no-diagonal  section  =79°  66';  06P2  :  ooP2  in  the  9am<^  = 
118°  22';  +  F  :  +  P  in  the  same  =  98°  41' :  -  P :  -  P  in  the  same  «  116^  22^: 
(.iP  00  )  :  (JP  ao)inthesame=123°33'  (Rammelsberg).  Dissolves  at  mean  tcrape- 
niture  in  I'l  pt.  water,  forming  a  syrupy  solution.  The  crystals  give  off  their  wat« 
at  180°  C. ;  at  a  stronger  heat,  oxygen  is  given  off  and  bromide  oi  calcium  remamfi. 

Bromate  of  Cerium.  Ce"(BrO')*  +  aq. — Colourless  lamime,  which  dissolve  easily 
in  water,  and  do  not  effloresce  over  sulphuric  acid. 

Bromate  of  Chromium. — Chromic  sulphate  decomposed   by  bromate  of    bariin 

fcields  a  green  filtrate,  which  decomposes  by  evaporation,  giving  off  brumine  aca 
eaving  a  dark  red  residue,  consisting  almost  wholly  of  chromic  acid. 

Bromate  of  Cobalt.  Co"(BrO*)*  +  6aq. — Hyacinth-red,  transparent  octa.h**lnfn«, 
soluble  in  2*2  pts.  water;  the  solution  is  decomposed  by  heat.  The  dry  salt  whto 
heated  leaves  a  residue  of  oxide  of  cobalt.  The  salt  dissolves  in  aqueous  ammr>iiA 
forming  a  red  liquid  which  turns  brown  in  the  air,  and  yields,  after  filtration,  da^rk- 
brown  crystals,  probably  consisting  of  the  bromate  of  Fr&my's  fugcccobaltia. 

Bromate  of  Copper,  Cu"(BrO*)-  +  5aq.,  crystallises  from  a  concentrated  solution  ia 
light-blue  or  blue-green  crysUils,  which  are  very  solut)le  in  wat>or,  do  not  efE'imsor  n 
the  air,  but  crumble  to  a  greenish-white  powder  in  v»icuo  over  sulpliuric  ai'id.  IV-fj 
retain  a  small  portion  of  their  water  even  at  180°  C,  but  give  it  off  at  2<H>^,  itici'Liv 
with  part  of  the  bromine.     The  aqueous  solution  mixe<i  with  a  little  amm<mia  neid* 
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i«  pncipitale,  eoauUiiig  of  &  buic  salt,  eCa'03l*0*  +  lOsq.,  which  at  20 

la  w»Ur  aud  beeomea  gnjiih-greeD. 

ie-bromaie  "f  Copptr,  iNH'-Cn'tBrO')",  upMatw  u  «  dark-bliM  OTnolli 

Adding  Blcuhol  to  a  soiutioa  of  broniBtfl  of  copper  iDsxccM  of  unnioDia. 
In  a  snull  quaatiCr  of  watar,  and  ia  decompMcd  bv  aiceai  of  water,  wi 

of  a  baaie  ult     Whaa  hasted  it  dacompom  with  deflagration. 
■ax  OP  Ibox. — A  aoliition  of  ferric  hydnt«  in  bromie  add  jielda  by  empoi 

■ulphuric  acid  a  aTrup.  which,  aftec  drjing  orer  the  wuter-bath,  leaTsa 
«  baiir  »lt,  6Fe^<.BriO>  +  Sthuc  iaaolnbla  in  waUr. 
on  of  fenooa  carbonnta  in  bromie  acid  vielda  bj  avaporatioa  in  Taeuo  od 
'Btaii  of  neutral  frmm  hromalt,  Fe'(SrO*)*,  the  aolution  of  which  eaai 
■,  with  Mparatioa  of  the  buic  ferric  aidt. 

«  or  LiKTHiwuK.  I«"(&0')»  +  6aq. — Ametijat-colonred  crjatala  (?  cc 
lymiiun},  which  gira  ofT  20  per  cent,  watot  at  \9V  C. 
worLuD.  Fb'(BiO')*  *  a4].— Obtained  bj  precipitation,  or  better  by  d 
rbonata  of  land  in  warm  bronue  acid ;  it  then  cryitolliBea  on  cooliag  in  am, 
iams,  iaomorphoni  with  the  atrontium  ult  The  ei}ratala  are  pemuuieDt 
d  do  not  give  off  any  -waicT  over  anlpburic  acid  ;  they  dissolve  in  76  p 
ean  tempeiatuM.  Toe  salt  begins  to  give  off  oxygen  and  bromine  at  1 M" ' 
andty  of  brown  peroxide  of  lead  being  formed  at  the  same  time,  wherettf 
heat,  red  Ind  or  tbe  yellow  protoxide  ia  formed ;  the  reaidne  coataiu  pr 
I  a  small  qosntity  of  bromide. 


«  or  Hionatm.     Hg'(BrO*^  +  flaq. — large  regular  ocljihedrans.  whi 

I  !■<  pta.  water  at  16°  C;  meltm  their  water  of  crystallisation  at  n  moden 

off  the  grealai  part  of  it  at  300^  C. ;  and  the  but  portion  at  a  aomewl 

ipotatore,  oxygen  being  at  the  same  time  evolred. 

■n  (IF  HAHOAinua  ia  formed  by  disaolving  rosnganou  oxide  in  biomie  ac 

poem  very  quickly. 

'as  ot  MiBCL'ST.— 7%«  memurie  tall,  H^<BrO')<  +  2aq.,  ia  obtained 

ximic  acid  on  recently  preclpilsted  merconc  oxida,  as  a  white  powder,  wb 

In  600  pta,  of  cold  and  SI  pts.  boiling  water.    It  dissolves  also  in  excest 

—--  --"'   -lad  cryitalliies  in  robII  prisma  on  cooling.     Hydnicblori*  * 

sublimate  of 


bratnati,  (Hg*)'(BrO*)',  is  obtained  aa  a  white  powder  by  precipiCatii 
pletal;  BatDrBliog  bnmic  acid  with  merenrDDi  oxide.    From  a  aolaiion  of  1 
alight  eieessof  bromie  acid,  it  sepairaCea  by  evaporation  in  shining  ciystall 
Water  decomposes   it,  forming  a  basic  salt,  (Bg>)*0.(Hg>)'(BrO')*. 
IS  with  detonation  when  heated. 


>u     Ni"(BrO')'  +  Ssq.-  Green  regalar  octahedrons  having  th 

3 laced  by  cube- faces.  Thin  platra  cntparallsl  to  the  cube-faces  act  stron: 
light  (Marbach,  Pogg.  Ann.  xciv.  413).    The  aalt  gives  off  w 


S*6  pts.  of  cold  water,  alao  in  ammonia,  and  on  adding  alco! 
moniacal  solution,  a  blue-green  powder  ia  precipitated,  consisting  of  ommor 
'  nicM  3NH'.Ni"(BrO')'.  or  bronuU,  of  nkkel.amwMiuni  (N>H'Ni')'(BrO 
n  or  PtixiDitm  appean  to  be  produced  by  dissolving  palladona  hydratt 
id 

TB  OF  PLa'n>iJK. — Flalinic  sulphate  decomposed  by  bromate  of  ban 
ellow  Qltrate,  which,  when  evHpocated,  givea  off  oxygen  and  bromine-vapc 
lits  ptxtinic  bromide. 

m  ov  FoTASsinx.  KBrO'.  —  Prepared  by  adding  bromine  to  a  wa 
ly  conceotratad  solution  of  potash,  till  tht  liquid  acquires  a  permanent  i 
It ;  the  salt  then  separates  slmoet  completely  on  cooling,  and  may  be  pnrlt 
nide  of  pot^iKtium  by  washing  with  wnter.  nnd  recryetallisalion.  It  fm 
.  anhydrous  ci78t.ibi  of  spcriflc  grsvity  3271  (Kremerh).  From  a  hot  b< 
■yBtallises  in  needles,  but  by  slow  cooling  it  is  obtsmed  in  four-  and  i 
tea,  or  In  cubes  with  rounded  summits ;  by  sponL-uifons  cvspamtion  in  sn 
■ometimes  in  dendritic  mitsspa.     According  to  Fritz»;he.  it  always  crys 
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lise«  in  fonns  of  the  regular  Bystem;  but,  according  to  Rammelsbere.  in  rLrmlrt- 
hcdroHB,  having  the  anglea  of  the  terminal  edges  =  86^  18',  and   in   ifornw  d^*.  i»4 
therefiom.    It  diasolvea  in  32- 1  pta.  water  at  0^  C,  in  18o  pta.  at  10°,  in  14  4  pt*.  «t 
20^  in  7-6  pta.  at  40°,  in  4*4  pte.  at  60°,  in  29  pta.  at  80°,  and  in  2  ptdt  at  lo  r=' 
(Kremers,  Pogg.  Ann.  xcii.  497 ;  xciv.  256 ;  xcviL  1 ;  xcix.  25.  58).     Accoriiiif:  M 
Pohl,  l.pt.  of  the  salt  dissolves  in  17*5  pta.  water  at  17*^0.     The  crystals  d^f.^.t^i 
from  a  sohition,  either  perfectly  neutral  or  alightly  acidulated  with  acetic  acj«t  di^rf- 
pitate  with  violence  at  300° — 350^0.,  and  crumble  to  a  powder,  which,  if  tnr'-n 
into  water,  gives  off  bubbles  of  pure  oxygen  gas  as  it  dissolves ;  but  the  ^ilutioo  -w^.r^ 
evaporated  yields  nothing  but  pure  bromate  of  potassium,  probably  repro<iurcii  I7  xl^- 
sorption  of  oxygen  from  the  air.     The  crystals  deposit^xi  from  an  alkaline  *:»luiwji 
decrepitate  but  slightly  when  heated,  and  the  powder  dissolves  in  water  without  p<T- 
eeptible  evolution  of  gaa.     (Fritzache,  J.  pr.  Ch.  xxiv.  285.) 

bromate  of  potassium  is  decomposed  by  strong  sulphuric  acid,  with  violent  d-rre- 
pitation  and  evolution  of  bromine  and  oxygen.  When  heated  per  ae^  it  molt<j  at  a  r»i- 
perature  above  350°  C,  and  then  decomposes,  with  evolution  of  oxygen,  slowly  at  ♦ir*^, 
but  afterwards  with  explosive  violence,  beginning  to  glow  at  one  point,  and  U«r. 
quickly  becoming  incandescent  through  the  entire  mass.  When  mixed  with  euml  u^i- 
tible  bodies,  it  explodes  with  great  violence  when  struck  or  heated. 

Bbomatb  op  Silveb.  AgBrO*. — Obtained  by  precipitation  a.*i  an  amorpihous  w>.i> 
powder  quickly  turning  groy  when  exposed  to  light.  According  to  Karri meb»k.'<^z.  ".! 
forms  shining  quadratic  prisms  (P  :  P  in  the  terminal  ed^e8  =  12l°  68*7,  in  the  Uirnl 
edgey  =  86°  38),  isoraorphous  with  chlorate  of  silver.  When  rapidly  b<*atod.  it  rx- 
plotlos  with  deflagration,  giving  off  part  of  the  bromine  in  the  form  of  yellow  v^r-ar. 
it  dissolves  sparingly  in  water  and  in  nitric  acid,  more  easily  in  ammonia,  the  •♦.♦lat'  n 
yielding  by  spontaneous  evapwration,  colourless  prisms,  wliic'h  arc  quickJy  deivmj:"^-. a 
by  water,  and  are  very  unstiible  even  in  the  dry  state. 

Bbomats  of  Strontium.  Sr"(BK)")'  +  aq. — Small  shining  rhomboTdal  prisms, 
with  truncated  lateral  edges,  isomorphous  with  the  barium-salt  Ratio  of  axes  - 
\  :  1'1642  :  1*2292.  Inclination  of  clino-diagonal  to  principal  axis  =  89^.  T{/* 
crystals  dissolve  in  3  pts.  of  water  at  ordinary  tempemtures ;  do  not  lo««.»  wf  i;:iit  or.  r 
Bniphuric  acid,  become  anhydrous  at  120°  C,  and  at  a  higher  temperature  ai\;  quuLj 
resolved  into  oxygen  gas  and  bromide  of  strontium. 

Bboicatbs  of  Tin. — Stannic  ht/dratc  unites  slowly  with  bromic  acid,  and  forrrj. 
after  drying  over  oil  of  vitriol,  a  vitreous  ma.ss,  which  loses  18  per  cent,  in  wrizt^t  il 
180°  C.     Stannous  ddoridc  forms  a  wliite  precipitate  with  bromate  oi  potassium. 

XJbakio  Bbomatb. — A  solution  of  uranic  hydrate  in  bromic  acid  yi«*ld8,  by  eva|«'r»- 
tion  over  oil  of  vitriol,  a  yellow  uncrystallisable  syrup  which  decomposeii  by  evaj>'ni« 
tion,  giving  off  bromine  and  leaving  a  basic  salt. 

Bbomatb  of  Yttbium. — Sparingly  soluble  in  water;  remains  in  the  axihjdrous  5tAt« 
when  its  solution  is  evaporated. 

Bbomatb  of  2^nc.  Zn"(BrO")*  +  6aq. — Regular  oct^ihe<lrons  modified  by  cub?- 
faces;  isomorphous  with  the  magnesium-salt  It  dissolves  in  1  pt.  water  at  oriiLMrr 
temperatures,  is  permanent  in  the  air,  melts  in  its  water  of  crystHllisation  at  1<»0"  C, 
and  becomes  anhydrous  at  200^,  but  undergoes  decomposition  at  the  siime  fia», 
giving  off  bromine- vapour  and  oxygen,  and  leaving  pulverulent  oxide  of  zinc.  Tj< 
salt  is  decomposed  by  a  small  quantity  of  ammonia,  but  dissolves  complet<?ly  in  exci:*t 
of  ammonia,  the  solution  yielding  by  evaporation  over  hydrate  of  pot^issitim  : 

Ammonio-hramate  of  zinc,  or  bromate  of  zinc-ammonium,  N'H*Zn''(BK>*)'  -*-  ?•.-*•;..  in 
small  prismatic  crystals,  which  when  exposed  to  the  air  become  moist  and  ye' low.  a';! 
smell  of  free  bromine.  Water  and  alcohol  decompose  them  with  separation  of  hydntf 
of  zinc  At  a  gentle  heat,  the  salt  decomposes  with  a  loud  hissing  noise,  and  giveo  rf 
bromine  together  with  nitrogen  gas  and  water. 

BXOKIO  BXXiVSS.    Native  bromide  of  silver.    (See  Silver.) 

raomSSS.  Compounds  of  bromine  with  electro-positive  radicles.  Brnmf'r.e. 
like  chlorine,  is  monatomic,  1  at.  of  it  being  capable  of  uniting  with  1  at*  of  h>.lr.js»^ 
or  other  monatomic  radicle,  2  at.  of  bromine  with  1  at.  of  a  diatomic  radi<  !*-,  t.q. 
bromide  of  ethylene  (C*H*)"Br*,  3  at.  of  bromine  with  1  at.  of  a  triatomic  nulicJe,  *.j}. 
bromide  of  glyceryl  (C"H*)"'Br*.  Bromine  is  less  powerftilly  electPO-neg»tive  thw 
chlorine;  consequently  bromides  are  for  the  most  part  decomposed  by  chlorine. 

BroBBlde  ofBydroffen.  Bydrobromlo  or  Bromligrdito  Add.  HHr.— Thl« 
compound  is  gaseous  at  ordinary  temperatures,  and  is  composed  of  equal  mea««ur'* «/ 
bromine- vapour  and  hydrogen  united  without  condensation.  It  is  not  r^»a<l il>  forrr.  1 
by  the  direct  union  of  its  elements.  A  mixture  of  hydrogen  and  bntmiiM-vju^jr  .i<i?« 
not  unile  when  exposed  to  the  sun's  rays ;  neither  docs  it  explode  when  a  rrri-iiui  ww'* 
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iDtiodueed  into  it;  bat  Gambiiutioii  lake*  pUee  do^^  in  th« 
ood  of  ths  bot  body,  uid  mora  qnicklj  vben  tho  miztnie  of 

)•  puKd  thno^  ■  red-hot  tabe,  or  when  ■  pi'fi'n'fl  *in  in- 
i-hot  by  UiB  electric  cnrrent. 
'  the  action  of  iraiar  on  tribromide  of  pbotpbom : 

PBi»  t  3HK)  -  H-PO"  +  8HBr. 
mine  are  btiodaced  into  the  bend  a  of  tLi  apparatol  [Jig.  \\l\ 

"_  Fif.  IIJ. 

a.     The  bromine  at  a  ij 

it-lamp,  and  the  raponc 

t  bromide  of  phosphonu^ 

r    dccompcMed    b;    the 

baroua   acid,  which  re- 

and   hjdrobroniic  add, 

igh  the  deliTcry-tube  e, 

Iter  mercorf. — 2.  Bj  decomponng  bromide  of  aodiom  or  potw- 

boric  add: 

2KaBr  +  H'SO'  -  Na^O*  -I-  2HBr. 
Ihiu  produced  ia,  bovertr,  mixed  with  Tapour  of  biominealtd  nil- 
odaced  in  the  mantiBr  repre*«til«d  bj  the  eqiutioD ; 
r  +  aH'SO'  -  2Br  t  SO'  +  2HH>  +  Sa'SO'; 
eparat«d  h;  agitation  with  raenmr ;  bnt  the  inlphonrai  anhj- 
lOTed. — 3,  The  aqncong  aolalion  of  the  add  maj  be  prepared  % 
II  of  bromide  of  barium  with  nilpharic  acid  dilated  vitb  an  eqod 

distilling  the  filtered  liqoid. — i.  Alao  by  paanng  m^oreHed 

ire  of  bromine  and  water ; 

Br  +  2H^  +  two  .  lOEBr  +  H^O*  -f  B 

to  aepantf  the  preeipilatcd  nilphnr,  and  the  hjdiobromic  add 

ilphnrie  acid  bj  diatillation. — 6.  By  the  action  of  bramiae  on 

lueoui  ammonia,  and  on  mjuiy  oi^aiiic  compoonda,  naphthalin, 

lew  gaa  haviiig  a  Teiy  pungent  odoor,  which  exeitea  coughing, 
late.  Beddene  litmni  itroiigly,  and  eidtee  itching  and  inflam- 
to  the  akin,  Fnmf*  in  the  air  mora  itnm^y  than  hydrocUorie 
r,  by  ezperiment,2'71  (Lowlg);  by  ealcolation — s —  ~  40'(, 
cigen,  or  iOf  x  0-0693  —  3801  oomparad  with  air.  Liqnefie* 
;.),  and  aolidiBea  at  - 100°  F.  ( -  73«  C.)  (Faradav).  It  ii 
absorbed  by  water,  forming  a  itranKly  add  ealntion,  which,  wboi 
1^  of  1'2B,  and  Amiea  atrooglj  in  t£e  air.  This  aatnrated  mIh- 
atnra  below  100°  C,  giTing  off  the  gas,  and  ii  Ihenby  rendered 
a  acid  boila  at  a  tempenton  abore  1 00°,  and  a  Tory  dilata  add 
wiling. 

.  The  gu  a  not  decompoaed  by  beat  alone.^ — 2.  Polattntm  int»- 
.  oidinuy  tempemtorea,  decompotee  it  completdy,  forming  Ino- 
nd  leariog  a  Tolume  of  pure  hydrona  equal  to  half  that  of  the 
odacee  the  aame  effect  whan  uded  by  a  gentle  heat.  Tbia  reas- 
ompoeition  of  the  acid ;  for  the  weight  St  I  toL  of  the  gM  (tha 
ity)  dimlniahed  by  the  weight  of  half  a  volume  of  bydrogm, 

tacherlieh): 

poaed  of  equal  Tolumea  of  bromine  and  hydrogen,  ouited  without 
ha  ^la,  or  iti  aqueoua  aolatioo,  ia  immediately  decompoaed  by 
acid  being  formed  and  bromine  aeparated,  recogniaaUe  bj  ita 
in  the  contraiy,  doea  not  deoompoae  hydrohnnnic  add.  Henea 
e  for  hydrogen  ia,  under  simiW  circnm>tanc(«i  lee*  than  that  of 
than  that  ctT  iodine.— 4.  The  acid  ia  alao  decompoeed  by  mj;^ 
id  bodiea.  The  iqiinoas  aolotaon  tnma  brown  on  cxpoenre  to  tha 
f  bromiM,  which  renuina  diMolred. '  Nilrie  add  dao  aepaiMM 
XX 


I 


I 


I 

^ 


I 

^  1 


1 
I     I 


1 

I 


674  BROMIDES. 

the  bromine,  espedally  on  heating  the  liquid.  The  mixture  of  the  two  aciij«  ^bsv^rT^ 
gold,  like  nitrobydrochloric  acid.  Strong  stdphuric  acid  decomponeB  it,  yieldiin^  m^- 
phorous  anhydride,  bromine,  and  water : 

H*SO*  +  2HBr  =  S0«  +  2H»0  +  Br*. 
With  bromic  acid^  it  yields  water  and  free  bromine : 

HBrO"  +  6HBr  -  3HH)  +  Br«. 


6.  With  metallic  protoxides^  it  forma  water  and  a  bromide  ol  the  metal:  e.^. 
2HBr  +  Ag-0  =  2AgBr  +  H-0.  With^woxfc?^^,  a  similar  decomposition  takes  pUr«, 
attended  also  with  evolution  of  bromine:  e,g.  2HBr  -f  MnO  »  MnBr  -•-  H^O  -t-  fcr. 
Combinations.  —  Hydrobroraic  acid  unites  directly  with  ammo^nia  NH*,  fnrsmi» 
hydrobromate  of  ammonia,  NH'.HBr,  or  bromide  of  anunonium,  NH*Br.  SimiJ>r.T 
with  the  compound  ammoniaa,  methylamine,  ethjlamitie^  &c.,  and  with  phx^pk'^r-.ti'A 
hydrogen.  The  aqueous  solution  dissolves  certain  metallic  oxi<i4i^s^  riz.  tlie  alkalis  ud 
earths,  forming  solutions,  which  may  be  supposed  to  contain  hydrobro mates  vf 
those  oxides.  It  unites  with  many  hydrocarbons^  e.  g.  with  oil  of  turpentane*  tDnsLagr 
j  the  compound  C'»H'*.HBr. 

>  Sromides,  Metallle.    MBr.  —  Bromine  unites  directly  with  most  metal«.    Pi> 

J  tassium,  arsenic,  antimony,  and  tin  unite  with  liquid  bromine,  producing  vivid  cc& 

,  bustion ;  bismuth,  iron,   and  mercury  combine  with  it   at  ordinary    U'nipentiurH 

t  without  combustion;  but  on  the  application  of  heat,  combustion  tukes   place.     Gi^j 

•  combines  gradually  with  bromine  at  ordinary  temperatures ;  platinum  does*  not.     Wuh 

J  many  metals,  the  application  of  heat  is  necessary  to  induce  combustion.      Bromid**  sp- 

j  also  formed  by  the  action  of  metals  on  hydrobromic  acid  gae  (p.  672).     Viipr..nr  \ 

,1  bromine  passtnl  over  ignited  potash,  soda,  baryta,  or  lime,  forms   a  bromide  of  t  '.< 

.i  metal  and  eliminates  the  oxygen ;  bromine  decomposes  oxide  of  eilver,  ev«?n  at  ^jii . 

Jl  nary  temperatuies.     Carbonates  are  also  readily  decomposed  by  it. 

Nearly  all  bromides  are  soluble  in  water ;  bromide  of  lead  however  dictsolves  veir  '^'- 

insrly,  and  bromide  of  silver  and  mercurous  bromide  are  quite  insoluble.       The  ^*Vx\  * 

1  «  ■  bromides  may  all  be  produced  by  the  action  of  hydrobromic  acid  on  the  com=^{»»ij'i.r.2 

oxides  or  carbonates;  and  on  evaporating  the  solutions,  wateT  is  in  most  ca/-<^  ^n.-- 

off,  the  metallic  bromide  remaining.     Some  of  them,  however,  viz.  the  broiuii*-?  rf 

magnesium,  aluminium,  and  the  other  earth-metals,   are  more  or  \esss  d«^nnp»--*'a 

I  during  the  evaporation  of  the  solutions,  giving  off  hydrobromic  a.cid  and   Itrariii^  « 

mixture  of  bromide  and  oxide  of  the  metid. 

Metallic   bromides   are  solid  at  ordinary  temperatures ;  most  of   them   fii*^  at  i 
moderate  heat,  and  volatilise  at  higher  temperatures.     They  strongly  resemMe  tti*' 
chlorides.    The  bromides  of  gold  and  platinum  are  decomposed  by  mere  exposrar?  u 
heat ;  many  others  give  up  their  bromine  when  heated  in  contact  with  the  air.     C  V- 
rine,  with  the  aid  of  heat,  drives  out  the  bromine  and  converts  them   into  eliJ»^ri''»^ 
Hydrochloric  acid  also  decomposes  them  at  a  red  heat,  giving  off  hydrobn-raic  **•  * 
Strong  sulphuric  or  nitric  acid  decomposes  them,  with  evolution  of  hv<ir^br«-»TLi-  a.   I 
which,  if  the  sulphuric  or  nitric  acid  is  concentrated  and  in  excess,  is  partly  dt-^  ^  - 
posed,  with  separation  of  bromine  and  formation  of  sulphurous  anhydride  or  min* 
oxide  (p.  672).     Bromides  heated  with  sulphuric  acid  and  peroxide  of  roan^aue^  . ..- 
chromate  of  potassium,  give  off  free  bromine.     If  the  bromide  is  quite   pure,   t*.- 
,  evolved  bromine  is  completely  decolorised  by  ammonia;  but  if  chlorine  is  hIs**  pn-w  r ' 

'  cholorochromic  acid  distils  over,  together  with  the  bromine,  and  the  diHtiliatc  L\. : 

forms  a  vellow  liquid  with  ammonia. 

Bromides  in  solution  are  easily  decomposed  by  chlorine,  either  in  the  form  of  z\  ^ 
or  dissolved  in  water,  the  hquid  acquiring  a  red  or  reddish-yellow  colour,  acc«-)rdu{i:  •  ■ 
the  quantity  of  bromine  present;  and  on  agitating  the  hquid  with  ether,  that  Imj  . 
dissolves  the  bromine,  forming  a  red  solution,  which  rises  to  the  surface,     (^ee  Y>.  » 

HINE. 

Soluble  bromides  give  with  nitrate  of  silver ^  a  white  precipitate  of  bromide  of  «»i!ii  • 
greatly  resembling  the  chloride,  but  much  l^s  soluble  in  anmionia ;  in^oluhie  in  !•• . 
nitric  acid-  Mercurous  nitrate  produces  a  yellowish-white  precipitate  ;  and  oocLut*  •  * 
Icad^  a  white  precipitate  much  less  soluble  in  water  than  the  chloride.  JSitraU  m  u,  '. 
ladium  produces  in  solutions  of  bromides  not  containing  chlorine,  a  black  pn?cipjLte 

:  of  bromide.     Chloride  of  palladium  produces  no  precipitate ;  neither  does  tne  n-tratr . 

'  if  soluble  chlorides  are  present. 

j  Bromldea  ofOrffanioBadlole*.  Bromine  unites  with  organic  radicles  bot!:  K«- " 

and  acid.  The  compounds  are  formed  in  the  same  manner  aa  the  corn^f>oo  Li  j 
chlorides,  which  they  also  resemble  in  most  of  their  propertiea.  thoui>h  xhe-x  tv* 
less  volatile.     They  contain,  in  two  volumes  of  vapour,  one,  two,  or  three  voluae^  it 
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ig  u  the  oiBsaic  radidc  vhii^  they  eontaia  u  mm. 

h  id  bitTl        CHTBr        ooauiii  1  W.  bvomina 
tritylene  (C*H')-Br'      „        2  toL      „ 
gljcerjl    ((?H')"'Bi«      „        8  toL      „ 


H.0   +  PBr*  -  (?H*Br  +   HBr  +  PftfO 

thajt  yield  the  oorMapondiog  klcobol  ud  >  bronuds  of  th 

in4-nu{wlM  m  prodoeed  bj  tiie  uli<ni  of  bromide  of  phoiphoni 
iddi,  or  br  tlu  ution  of  ehlondei  of  acld-nidicl«  on  ccrt«i 
hromidtof  aett^,(?BK>:Bt-,l>rt>mideof  iuainyl,lC^'(y)~Qr 
n,  with  fixniiliofi  of  ■  meUllu:  bnmide,  and  a  i^t  at  Uie  ooi 

i-OTBr"  +  2KH0  -  CH'O'.K'.O'  +  KBr. 


-ndidga,  e.g.  CTH'Br,  with  bramotritjleoe,  C«  .  They  ar 
d  hj  the  kction  of  aleoholie  putaah  on  th«  toxmiida  of  tl 
■ :  [heir  pitipHrtiBi  and  reactiaDi  an  uulogona  to  thoH  of  tt 


ieles,  mch  aa  oil  of  ttupeotine,  iti  isomen  and  homi 

ith  bromine  and  with  hydrobromic  acid,  foming  definite  con 
id,  sometimee  CTyatalliiie,  r.g.  bromidi  efetmuiau,  C'*H'*Bt' 
tint-oil,  C'«H".HBr,  &c. 

n>    Sa«  the  D«zt  artielv. 

KM.  The  name  of  a  donbtAiI  oomponnd,  whieh  Erdmann  ot 
■nraiuitin  and  dibroiniotiii,  by  thi  action  of  bnmmie  on  indiei 
sh  into  bromindoptic  (bromophenisiic)  add.  and  a  Tolatil 
on  bromindamite,  bat  donbtlM*  identtesl  with  tribromc 
.  d.  Cliem,  1-  And  i».  22.) 

boi  Br.  Atomie  mig^  RO. — Thli  element  ma  di«(i*erpd  ii 
[tracted  it  &om  the  mothoF-liqnor  of  the  aalt-nianhaB  of  Mont 
■•water;  in  the  water  of  many  salt-Bprings,  npecioUy  in  tha 
[Ireiuiuoh  in  Fnueia,  whence  a  Urgs  portion  of  the  bromine  o 
and,  together  with  iodine,  in  the  aah  of  aea-weed  {aoiidi  d 
qnantitiea  are  extracted;  alao  in  apoiieeB  and  many  mtuim 
)f  ailTflr,  it  ia  found  natiTs  in  Ueiico  and  Chili,  and  at  Hiul 
y  amall  qnantitiea  are  found  in  Sileaian  linc-ore  utid  in  Euglial 

•n  tJkemolierJi^uarofua-lpaUrorialme-fpritig*.  After  then 
1  by  ciyMaDiBation  from  the  greater  part  of  the  chloride*  an< 
I  potaaaiam,  the  remaining  liquid  contains  bromine,  cfaipflf  ii 
mafineanm.  Thia  Uanid  u  mixed  in  a  retort  with  peroxide  a 
lone  acid,  and  diatilled.  Chlorine  ia  then  evolved  in  the  lujnid 
amide  <tf  ""g"— '""i  setting  free  the  bromiae,  which  dutiL 
in  the  fbrm  of  a  heavy  duk-rpd  liquid,  aarmonnted  by  at 
mine. — 3.  From  tit  tnofArr-liquor  of  varte.  Thia  liquid  mn 
le,  in  the  proportioa  of  about  1  pt-  bromine  to  8  iodine.  Thi 
ed  either  by  paseing  chlorine  gaa  into  the  liquid,  till  a  asmpll 
ipitate  either  with  ulorine-wster  or  with  iodide  of  potaaiiani 
•nt  iodine  and  eaprooi  iodide,  by  adding  enprie  aaliAate  t^  thi 
I  -  2Na'S0' +  Cul*  +  P).  ThtROUuniagliqnidiallwnmixM 
neae  and  atioag  anlphnric  acid  (the  nquiaite  proportion*  b«in| 
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llrst  det*nnin«»d  by  trial  on  a  small  quantity)  and  distilled.     The  bromine  thrn 
over  as  before,  the  decomposition  being  effected  in  the  manner  shown  by  the  equATi  .u 

Mg"Br«  +  MnO«  +  2H«S0*  -  Br«  +  K^QO*  +  Mn'SO*  -•-  2HK)- 

The  bromine  which  collects  at  the  bottom  of  the  receiver  in  either  mode  of  pfepanti'.o, 
is  separated  from  the  supersaturated  aqueous  solution  by  means  of  a  tap-fuxukel,  mh^ 
further  purified  by  distillation  in  contact  with  chloriae  of  calcium.  The  »:fQ«oiis 
solution  IS  shaken  up  with  ether ;  the  red  ethereal  solution  of  bromine  which  r»e#  to 
the  top  is  treated  with  caustic  potash,  till  its  colour  disappears,  whereby  bromide  U'^ 
bromate  of  potassium  are  produced ;  the  liquid  is  evaporated  to  dryness ;  aii^l  ^be 
residue  is  ignited  in  a  crucible,  to  convert  the  bromate  KBrO*,  into  bromidn  KBr 
The  whole  quantity  thus  obtained  is  decomposed  by  distillation  with  peroxide  of  moB- 
ganese  and  sulphuric  acid,  whereby  the  remaining  quantity  of  bromine  is  obtainea  ji 
the  free  state. 

Commercial  bromine  is  generally  contaminated  with  chlorine,  deriTed  either  frc  -. 
that  which  is  used  to  separate  it,  or  from  the  mother-liquor  itself.  It  may  be  purif  /  i 
by  saturating  it  with  hydrate  of  barium,  whereby  brgmide,  chloride,  broaoAt.*,  crl 
hypochlorite  of  barium  are  formed ;  evaporating  and  igniting  to  decompose  the  oxrc:*^- 
salt^ ;  and  treating  the  residue  with  alcohol,  which  dissolves  the  bromide  of  bant^ 
and  leaves  the  chloride.  The  pure  bromide  is  then  decomposed  with  sulphuric  *:4 
and  peroxide  of  manganese,  as  above. 

Properties, — Bromine  is,  at  ordinary  temperatures,  a  liquid  of  &  deep  browu-ped  col  oar. 
It  has  a  peculiar  irritating,  disagreeable  odour ;  whence  its  name  {fipA/xos\  and  a  re- 
pulsive taste.  It  is  highly  poisonous ;  a  drop  placed  on  the  beak  of  a  bird  is  sutt^-^-t 
to  destroy  life.  Specific  gravity  2-966  (Balard);  between  2*98  and  2  99  at  1.5 -  r 
(Lowig) ;  31872  at  0°  C.  (Pierre).  It  is  a  non-conductor  of  electricity.  At  — .ii'-C. 
it  solidifies,  forming  a  hard,  brittle,  laminated  mass,  having  a  dark  lead-^rey  col  ^. 
and  semi-metallic  lustre:  it  retains  the  solid  state  for  a  long  time,  eren  at  —12-  I' 
It  is  very  volatile ;  a  few  drops  thrown  into  a  large  flask  speedily  fill  it  with  rv ' 
vapours.  It  boilsat  63^0.  (Pierre)  ;  atoS^  (Andrews);  at  45°  (L  o  w  i  g).  V^p  ».?- 
density  6*64  (Mitscherlich) ;  by  calculation,  80  compared  with  hjdrog'm;  oon 
(  =  80   X  0*0693),  compared  with  air. 

Bromine  dissolves  sparingly  in  water,  more  readily  in  alcohol,  and  in  all  prripr.?*!  ^* 
in  ether.  With  water  at  0°  C.  it  forms  a  solid  hydrate,  Br.  6H*0,  which  is  not  dr<T.r^ 
posed  between  16°  and  20°. 

Bromine  resembles  chlorine  in  many  of  its  properties.  It  has  a  powerful  affinity  fr  • 
hydrogen,  though  not  quite  so  strong  as  that  of  chlorine,  and  hence  it  sets  wrth  en-rr: 
upon  many  organic  substances.  It  is  a  powerful  bleaching  agent,  and  corrodes  w*»j 
and  cork,  first  turning  them  yellow.  A  small  quantity  of  it  imparts  a  transiept  jW- 
low  colour  to  the  skin ;  a  larger  quantity  stains  it  permanently  yellow,  then  bnj«T. 
and  a  still  larger  quantity  produces  immediate  corrosion  and  violent  inflammation.  I' 
colours  starch  orange-yellow.  It  decomposes  vapour  of  water  when  parsed  wab  i\ 
through  a  tube  heated  ts  bright  redness,  yielding  hydrobromic  acid  and  oxygen.  A 
burning  taper  introduced  into  vapour  of  bromine,  bums  for  an  instant  with  s  gtm 
light,  and  is  then  extinguished. 

Bromine  decomposes  phosphoretted  hydrogen,  sulphydric  acid,  hydriodic  arid,  aai 
metallic  iodides,  but  the  resulting  bromine-compounds  are  decomposed  by  clilonse. 

Bromine  acts  readily  on  many  organic  compounds,  removing  part  of  the  hydrtje*^ 
in  the  form  of  hydrobromic  acid,  while  another  portion  of  bromine  takes  the  piao  jf 
the  hydrogen  thus  abstracted,  80  pts.  bromine  being  always  introduced  for  erfn 
1  pt.  of  hydrogen  removed.  In  this  manner,  bromacetic  acid,  C*H*BrO*,  and  a  eC'S*- 
siderable  number  of  other  brominated  compounds,  are  formed. 

Bromine  unites  with  all  the  elementary  bodies,  and  with  many  compound  fb^lI^. 
In  all  its  compounds,  except  those  with  chlorine,  fluorine,  oxygen,  and  p«*rhapft  n  - 
phur,  it  plays  the  part  of  the  chlorous  or  electro-negative  element.  In  this  r«^»^ :, 
It  is  intermediate  between  chlorine  and  iodine,  expelling  the  latter  from  its  eotuKi*- 
tions  withpositive  radicles,  and  being  itself  expelled  by  the  former  (see  Bkoici/Ij'. 
p.  672).  We  shall  here  describe  only  those  compounds  in  which  the  bromin<^  .» 
electro-positive,  viz.  the  chlorine,  fluorine,  oxygen,  and  sulphur-componnds  :  the  ot:itn 
are  described  under  the  several  positive  radicles. 

BaOMZVB*  CKEMMXDM  OV*  Bromine  absorbs  a  large  quantity  of  chlurisf 
gas^  forming  a  reddish-yellow,  mobile  liquid,  very  volatile,  ana  giving  off  dsirk-yrhow, 
strong-smelling,  and  tear-exciting  vapours,  which  exert  a  powerful  bleaching  actite. 
and  in  which  metals  bum  quickly  to  chloride  and  bromide. 

When  chloride  of  bromine  is  mixed  with  a  small  quantity  of  water,  and  cocM  ip 
O^C,  or  when  gaseous  chloride  of  bromine  is  passed  through  a  glass  tube  mfi«te4«i 
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,  the  hjdfkted  chloride  of  bromine  i»  Ibrmed,  which  djalalliMa  la 
tunioa^  and  mvlla  at  7°  C.  to  ■  light  jeliov  liquid.  It  ii  decompoMd  bj 
bnuiiK  nitngen  ga^  chlorida  0/  nitrof^en.  and  bromide  of  anuDoniam. 
:  bnmuia  diiMTea  with  jellov  eolom-  in  water.  The  earns  wlntioD  is  ob- 
iSBolnng  btmninp  in  Htarat^d- chlorine- water;  it  has  the  odour  and  bleach- 
of  ehloride  of  bromine ;  decompoeee  in  suuhinp  into  hjdniclilorie  and 
la,  and  ii  decomposed  in  like  manner  bj  aqoeoni  alkalis,  yielding  ■  chloride 
oaCe  of  the  aluli-netaL  The  aqacons  solntion  is  decomposed  h;  ether, 
rates  and  disMlTce  the  bromine.  (Handw.  d  Chem.  ii.  [3]  47fi.) 
arm,  mrscTJOW  a»  ■stxm&txov  or.  1.  Btaeiitint.  — 
ine  ii  reoognised  bj  its  odour,  the  deep-nd  cokinr  of  ita  T^ionr,  and  the 
lowaoloarirMGhitimpuUtogeUtiiKiiu  ttarch.  When  itezialsiD  aquraiu 
too  small  qoantitj  to  be  recognised  immediatelj,  it  may  be  separatad  by 
I  the  liqnid  with  ethsr,  and  proceeding  as  deaoibed  below. 
I  in  the  state  of  hjdiobramic  add  or  a  soluble  melaUic  broniide.  is  detected 
;tions  aJresdj  ducribed  (pp.  67S,  S73).  Small  quantities  of  bromine  are  most 
^ised  bj  eantionalT  adding  chlorine-water  till  the  solution  assumes  a  red 
int ;  if  too  much  chloriae  be  added,  chloride  of  bromine  will  be  formed, 
nlouHeaa,  On  «>i«Hng  the  solution  with  ether,  that  liquid  diasolres  the 
nd  rises  to  the  fuftee  in  the  form  of  a  ted  stntom.  This  nuj  be  separated 
ta.  or  tap-funnel ;  nsutnlised  with  potash,which  decolorises  it,  cbuverttng 
le  into  bromide  and  taomate  of  potaaainm ;  and  eraporated  to  dijnees  in 
I  crucible.   On  igniting  the  reaidne,  to  conTart  it  all  into  bromide,  then  intro- 


aenc*  ot  ehloridM  does  not  interfere  with  this  reactioD ;  ii;  however,  th« 
F  chlorine  is  reij  large  compared  with  that  of  the  bromine,  aa  in  saline 
[■  best  to  concentrate  the  solution  till  the  greater  part  of  the  chloridea  crjs- 

and  search  for  bromine  in  the  mothet^liqaor.  If  iodine  ia  present,  it  muat 
noTsd,  either  bj  precipitation  with  chloride  of  psUadinm,  or  b;  flnt  adding 
eat  chlorine-water  to  precipitate  the  iodine,  which  is  sure  to  be  set  free 

bromine :  in  fact,  bromine  itself  aeparatea  iodine  from  ita  compounds ; 
cmoml  of  the  iodiaa  ia  abaolatelj  necessaij,  as  its  deep  violet  vaponr 
(iiise  the  ooloor  of  the  bromine,  Tinlrns  the  quanti^  of  the  latter  greallj 
ted. 

hoda  ol  dMompoaing  insolnble  bromides  will  be  given  ftuther  on ;  likewise 
is  of  separating  bromine  from  phorohoras,  and  other  non-metallio  elemcDla. 
uB  redneed  to  bromides,  either  hj  ignition  or  bj  tzeatment  with  sulphuroua 

nlilalivt  EilinatioH.  —  When  bromine  ii  present  in  a  solution  in  tho 
bromide,  it  mav  be  precipitated  hj  nitrate  c^  aQver,  the  precipitate  of 
r  aQver  being  ignited  in  a  porcelain  crucible,  with  the  same  precantiont  sa 
le  (see  CxLonim).  It  contains  42'6S  per  cent  brominev  If  the  solution  is 
t  must  be  imdulMed  with  nitric  amd,  added  after  the  niecipitatian  bj 
sjlver ;  if  it  were  added  before,  a  portion  of  the  bromine  might  be  art  trea 

e  bromidea,  a.  g.  bronUdt  of  had,  and  euprota  bnnnide,  maj  be  decomposed 
ling  them  in  vrater,  and  piuuing  anlphuretted  hjdrogen  through  the  Lquid. 
is  then  cOUTcrted  into  aolphide,  while  hjdrobnnnie  acid  remaina  diaeolved 
ith  sxceee  of  snlphTdric  acid.  This  excess  may  be  removed  bj  addition  ot 
hate,  whieh  precipitates  sulphur,  and  in  the  filtered  liquid  the  bromine  icmj 
ed,  aa  above,  b;  precipitation  with  nitrate  of  tdlTer.  Brmitide  ef  lilvtr  may 
^omposed  l^  tation  with  carbonate  of  sodium,  or,  l»tt«,  with  a  mixture  ot 
at  sodium  aiid  carbonate  of  potassium  in  equivalent  proportion,  in  a  porcelain 
The  silver  is  thsreby  reduced  to  the  metallic  states  and  may  be  weighed 
ing.     The  bromine  ia  then  entimated  hy  loaa. 

'  method  of  decomposing  bromide  of  silver,  is  to  treat  it  with  dilute  sul- 
1  and  purr  metallic  sine  The  silver  is  then  reduced  bythe  nascent  hydrogen, 
'omine  passes  into  the  solution  as  bromide  of  linc.  The  silvermaj  then  be 
nd  weighed  u  before.  This  method,  however,  is  not  qiut«  exact  (see 
I, — MtramUM  brontde  may  be  completely  decomposed  by  a  salatiim  of  pore 
taah,  «  solution  of  bromide  of  potaaainm  being  formed,  from  which  the 
uty  be  n«eipitat«d  by  nitrate  of  silver  with  addition  of  nitric  acid. 
-' --■ '-"'■  are  insolublp  in  water,  are  soluble  in  nitric  add.    The 


a/bromtdit 
d  be  dilate 


be  dilate^  and  if  heat  is  required,  the  materials  must  be  placed  in  •  flask 


I 
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hnving  a  glass  stopper,  and  the  heat  kept  as  low  as  possible,  othprwiae  hromiae  wj] 
escape.     The  bromiue  may  then  be  thrown  down  as  bromide  of  silver. 

Volatile  brarnid-ffs^  such  as  the  bromides  of  snlphur,  phosphorus,  ajmenif^  and  ao*^ 
mony,  are  completely  decomposed  by  water,  the  bromine  being  conTeri«i  into  brcrr)- 
bromic  acid,  fivm  which  it  may  be  precipitated  by  nitrate  of  silrer. 

Bromates  must  be  reduced  to  bromides  by  sulphurous  or  snlphydrie  •^id ;  th^ 
bromine  may  then  be  precipitated  by  silver-solution,  after  the  excess  of  the  re-^Tjrr  ij^ 
agent  has  been  removed  by  a  ferric  salt  Bromates  may  also  be  converted  intobrumji-^ 
by  ignition. 

The  quantity  of  free  bromine  in  a  solution,  is  estimated  by  treating  it  vith  excma  <^ 
ammonia,  whereby  it  is  completely  converted  into  bromide  of  ammoaiiun,  with  ero- 
lution  of  nitrogen.    The  diluted  solution  is  then  treated  with  nitrate  of  sUt^. 

Estimation  of  Bromine  in  presence  of  Chlorine. — There  is  no  known  methc-d  of 
effecting  a  complete  separation  of  these  elements,  and  when  they  oocor  together,  ln.^r 
amounts  must  be  estimated  by  an  indirect  method.  This  is  effected  by  precipit:i^!:? 
them  both  together  by  nitrate  of  silver;  fusing  and  weighing  the  entire  precipit '.- 
in  a  porcelain  crucible ;  then  remelting  it ;  taking  out  a  convenient  pcxrtion  on  th<r 
end  of  a  glass  rod;  cutting  it  when  cold  into  small  shavings;  introduciniyr  tlitu.  ra- 
to  a  bulb- tube;  and  igniting  them,  after  weighing,  in  a  current  of  dry  chlorine.  Cx- 
whole  of  the  bromine  is  then  expeUed,  provided  the  stream  of  chlorine  is  kept  bu 
for  some  time,  and  nothing  but  chloride  of  silver  remains.  This  is  weip;hed,  an«L  tr  ■■a 
its  weight,  and  that  of  the  mixture  of  chloride  and  bromide  before  decomp3sitir»D.  t." 
quantities  of  chlorine  and  bromine  may  be  found.  For  the  difference  of  the  wt-i;:f  f> 
((/)  is  clearly  the  difference  between  the  weight  of  the  bromine  expelled  aod  it^it  •  f 
the  chlorine  which  has  taken  its  place;  and  for  every  80  pts.  of  bromine  expc'a>.d 
3o'd  pts.  of  chlorine  have  oome  in :  hence  we  have  the  equations : 


Br- 

CI 

«  d: 

Br 
CI 

80 
■*  36-5 

Br  « 

80 

80 
-  36-5 

d  » 

1-796  </ 

whence : 

that  is  to  say :  to  find  the  quantity  of  bromine,  multiply  the  difference  of  thr  u^>>  J'n 
by  1-796. 

K  the  quantity  of  bromine  is  very  small  compared  with  the  chlorine,  this  m*  f  •-  •* 
fV>e8  not  give  exact  results.     In  that  case,  it  is  necessary  to  concmtratf  thr  hr^     . 
tliut  is,  to  increase  the  proportion  of  it  in  the  precipitate  8ubject<*d  to  the  exp»-'Ti  ui-tt 
Now  when  a  mixture  containing  a  large  quantity  of  soluble  chloride  with  a  "»mail  p,-- 
portion  of  bromide,  is  treated  with  about  one-sixth  of  the  quantity  of  nitrate  oi"  «i  .rt 
required  for  complete  precipitation,  the  whole  of  the  bromine  is  precipitAfe«l.  Uf-z*-*  i-  r 
with  a  portion  of  the  chlorine.     The  liquid  must  be  briskly  agitatt^  to  c<tni**  t.^ 
precipitate  to  settle  down,  but  no  heat  must  be  applied.     The  prtH'ipitate  is*  th*ri  r.- 
be  ignited,  weighed,  and  decomposed  in  a  stream  of  chlorine  in  the  manner  jo^T  o— 
scribed.     The  remainder  of  the  chlorine,  now  free  from  bromine,  is  precipitaroi  u 
chloride  of  silver  in  the  usual  way.     Another  method  of  concentratinia^  the  Jn^nrr  ^  : 
M  mixture  of  chloride  of  sodium  containing  a  small  quantity  of  bromide,  if  U*  *^r  i* 
the  dry  mixture  with  very  strong  alcohol,  which  dissolves  the  whole  of  the  bromi^r  ■  f 
sodiimi,  but  only  a  small  portion  of  the  chloride.     The  filtered  alcohulic  solution  U 
then  evaporated,  the  residue  is  disHolved  in  water,  and  the  bromine  and  chloniMe  w 
precipitated  by  nitrate  of  silver  and  estimated  as  before.     To  estimate  the  qointiij 
of  bromine  in  sea-water  or  a  brine-spring,  the  liquid  must  be  evaporated  to  tirvu«»%  a 
weighed  quantity  of  carbonate  of  sodium  having  been  previously  added  t-o  prv^-ent  tb** 
loss  of  bromine  and  chlorine  which  might  arise  from  the  decompositian  of  the  chlvnJ-^ 
and  bromide  of  magnesium  during  the  evaporation,  and  the  diy  residoe  Lrcatcd  muk 
alcohol  as  alxjve. 

EsMmntion  of  Broviine  in  prrs'-nce  of  Iodine. — The  iodine  is  precipitated  by  chl  >--ri.* 
of  palladium  (or  by  the  nitrate,  if  chlorides  are  present,  p.  674),  the  excess  of  p...'J- 
ladium  removed  by  sulphuretted  hydrogen,  the  excess  of  this  last  reagent  by  njtr.e 
acid  or  a  ferric  salt,  and  the  bromine  then  precipitated  by  nitrate  of  salver. 

(For  other  modes  of  estimation,  see  Chlorine  and  Iodixb.) 

Field  (Chem.  8oc  Qu.  J.  x.  234)  has  shown  that  chloride  of  silver  iB  «m>plH.<i' 
decomposed  by  digestion  with  solution  of  bromide  of  potassium,  the  chlorine  ai  * 
bromine  changing  places  ;  and  that  both  bromide  and  chloride  of  silver  are  di«Cf>tnp>«*nj 
in  like  manner  by  iodide  of  potassium.  Hence,  if  a  solution  oontainim?  chlonze 
in-line,  and  bromine,  be  divided  into  three  equal  parts ;  each  portion  proirf  pitated  It 
nitrate  of  silver;  the  first  precipitate  dried  and  weighed;  the  seoona  di^evttjd  wi?i 
bromide  of  potassium,  then  dried  and  weighed  ;  and  the  third  with  iodide  of  pots:* 


BROMINE:  FLUORIDE.  ( 

and  wrij^e^  the  rdative  qiuntiti«  of  the  three  etemenU  ma; 
I  exteniion  of  the  method  at  olcnlition  ibore  DTm  (see  also  p.  3 
if  Uhe  thne  preeipitat«*  be  m,  uf,  and  w* ;  alao  let  the  atomic  waij 
id<^  and  iodide  of  nlTer  be  a,  i;  and  t  tespeetiTel;,  wtd  the  noka 
irida,  bromide,  and  iodide  of  ailrel,  *,  g,  asd  > ;  tlua  va  have 


lacond  giTt  ■.     x  —    '  i  _ — ' 

lia  Tilne  in  the  Mcond  and  third, they  baconw: 

whence  :  y  -  -^^^ 

and :  •-«  —  («  +  y). 

stric  eatimation  of  bKlII1in^  iee  iD(u,Tiia,  ToLnmnuo  {p.  207). 
'  bmmine  in  organic  compounda,  aee  Aiiai,ibi8,  Owuno  (p.  S4T). 
tight  of  Bremim. — The  older  delemunatioiu  of  the  atomleirt 
mach  too  tow.  Balard  estimiited  it  at  7fi'8,  Li«big  at  7fl'2,  Beizi 
oat  evjxct  determinatiotiA  are  dna  to  Marjgnac  (Biblioth.  nnii 
7),  who  found:  1.  That  100  pia.  pure  silTer  diwolved  in  nitria 
I^  bromide  of  potaasium,  Tielded,  aa  a  mean,  1T4'066  pta.  bromii 
he  atomic  woight  of  eilver  beinglOS,  that  of  bromine  ia  x  la  74'Ul 
1.  Thai  100 pta.  ailver mqnind for  preapitation,  11086  pt&broi 

rhence  if  Ag  -  lOS  and  K  -  3S-1,  we  hare  100  :  110'36  »  I 
ice  X  —  80-Oe. — 3.  That  lOD  pta.  bromate  of  potaeainm  give  ol 
I  avenge,  29733  pta.  oxygen,  whence  Br—  7997.  The  mean  v 
reiy  nearly  Br  —  80,  which  i«  the  number  now  miiTenallj  ado] 
at  the  same  reeiJt  bj  if^iting  bromide  of  ailrer  in  chlorine  gai, 
difference  of  welgbt  tberebj  produced. 
rKD 

water,  and  doee  not  seoaibl;  attack  glaai.     It  haa  b   . 

iting  the  taking  of  photographic  pictures  bj  the  electric  light.  (Co 

.) 

,  OXTOXM-AOISS  or.  The  aeries  of  ozygeD-oomponnd*  of 
etma  so  complete  ea  that  of  chlorine.  Mo  auhjdKina  oude  of  bio: 
}f  the  adds,  only  one  has  been  obtained  in  the  a«>aiate  staU 
nined,  Tiz.  Bromic  acid.  HBrO*,  already  deacribed  (p.  669]. 
areaperbromicacid,analogous  topBrcfal<Tricacid,HciO'.baTc 
it  the  exiatence  of  hjpobromone  acid,  HBrO,  ia  reodered  prot 
nents,  though  uelthu'  the  acid  itselfl  nor  any  of  ita  oalta,  bavt 
I  definite  fonn. 

ic  oxide  ia  added  to  bmmine-water,  %  iparinglr  aolnUe  oijbnmii 
ed,  together  with  a  bleaching  Hqriid,  which,  b;  diitiUatiini  in  ti 
nppoaedto  be  kypoirtHmna  anJ(Balard).  According  to  Gaj-Ln 
hyiMile  maj  be  obtiuaed  in  th«  gaaeoua  atMe  in  the  aame  manni 
hydride.    (9ee  CautBiKi,  Oxmaa  or.) 

e  t«  added  tocold  dilute  nqneoa*alkalia,aDieUlli«  bromide  ia  fin- 
Teiy  small  quantity  of  bromate,  and  a  liquid,  irtiich  doea  not  ami 
M  utmas  and  indigo  sad  Tegetable  coloaia  in  general,  and  give 
act  with  ammonia.  On  heating  the  liquid,  no  Ixromiiie  is  erolTed 
BWd  and  the  bleachug  power  ig  dcebvyed.  These  phenomena 
Dill  to  those  which  are  exhibited  whan  chlorine  ia  diaaolved  in 
la.    (See  Hxpoxkumolts  Aom.) 
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See  SsuonuM,  Brovxdb  ofTs 

OIP  WheD  bromine  is  brought  in  contart  w'.'h 
ilowen  of  snlpbur  at  ordinary  temperatures,  a  dark  brown,  fuming.  oiJy  liquid  i»  for-u-i, 
baring  an  odour  like  tliat  of  sulpaide  of  chlorine.  It  ia  not  altered  vj  coM  w^er  ; 
but  water  at  10^  C.  decomposes  it  with  slight  explMion,  forming  wilphuhe,  hy«ir>- 
bromic,  and  sulphydric  acids.  When  it  is  distill^  the  first  third  of  the  di»t  UAt^ 
appears  to  consist  of  Br*S',  while  the  liquid  remaining  in  the  retort  is  a  mixtnre  'rf 
this  compound  with  another  sulphide  of  bromine,  and,  even  when  the  di«>tiUatioii  u 
completed^  there  still  remains  a  yiscid  liquid  containing  bxx^mine.  (H.  Bos<%  ^<V^ 
Ann.  xxriii.  650.) 

BXOMZOBOrOBlC  CHBr^. —  This  compound  is  produced  by  tTieatin2  i/>io> 
form  with  bromine.  It  is  a  colourless  liquid,  which  solidifi«>«i  to  a  camphonit^  icift^M 
At  0°  C. ;  melts  at  +  6° ;  is  verj  volatile ;  has  a  penetrating  odour  and  saccharine  f  o^t^ 
It  may  be  regarded  as  dibraminaUd  iodide  of  metht/l,  (S^ruUaa,  Awn  Ch.  PhjiL 
[2]  xxxiv.  226  ;  xxxiz.  97.— Bouchardat,  J.  Pharm.  zziii.  10.) 

lTIO  AOXD.    See  Isatio  Acn>. 

See  IsATnr. 

Native  bromide  of  silver,  found  in  Mexico  and  in  ChilL  (See  Siz.TMftk 
Bromidb  of.) 

See  CiTHACOKio  Acn>,  Dbcompositioks  op. 

Syn.  with  Alstonitb. 
EO-COIKPOUVBS  or  BAOICZVATBII  OOMJNIllJllNk  Comp^nindi 
resulting  from  the  substitution  of  bromine  for  hydrogen,  chiefly  in  onranic  bodi«L 
They  are  produced  by  the  action  of  bromine  or  of  bromide  of  pbosphoroa  on  alroao,ii, 
acids,  hydrocarbons,  &c.  Most  of  them  are  described  under  the  several  princip&i 
compounds,  e.  g.  BBOMOBBUciirB  under  Brucinb,  &c. 

JISOICOlHIMaL  CHBr*. — Produced  by  the  simultjineous  action  of  bromioe 
and  caustic  potash  on  wood-spirit,  alcohol,  or  acetone ;  also  by  the  action  of  hrf»iuiitei» 
on  aqueous  citric  or  malic  acid;  and  by  decomposing  bromal  with  alk;ilis.  It  is  a 
limpid  liquid  of  specific  gravity  2*13,  having  an  agreeable  odour  and  saccharine  ta»v. 
It  IB  less  volatile  than  chloroform,  very  little  soluble  in  water,  to  which,  hoi»  t-rer.  it 
imparts  its  taste  and  odour ;  soluble  in  alcohol,  ether,  and  essential  oils.  It  di-jcwr.j-tipg 
small  quantities  of  sulphur  and  phosphorus,  and  a  large  quantity  of  iodine.  It  barri* 
with  difficulty.  When  its  vapour  is  passed  through  a  red-hot  tube,  it  is  re«olTf?«i  in*<i 
charcoal  and  bromine-vapour.  Boiling  potash-ley  decompose*  it  more  ea<iiy  r'uii 
chloroform,  yielding  formate  and  bromide  of  potassium.  (Lowig,  Ann.  Ch.  Pharck 
iii.  296.— Dumas,  Ann.  Ch.  Phys.  [2]  Ivi.  120.) 

BSOMOVZCXZar.  CBr'NO*.— A  product  obtained  by  distilling  picric  acid  with 
hypobromite  of  calcium  (p.  923). 

See  Salictlajodb. 


lOMOTXZCOVZO   ACZ1>.)     See  CrrRic  and  Citbaookic  AcrDii,  Deoomp^ 
BROMOXAJPORM*  )     sitions  by  bromine. 

BAOMirB*  A  genus  of  grasses.  The  ashes  of  Bromms  erfcius  and  Bromus  '^".'4 
have  been  analysed  by  Way  and  Ogston  (Journal  of  the  Royal  Agr.  Soc  [2]  in. 
630).  100  pts.  of -Br.  erectus  (air-dried)  yielded  69  6  per  cent  water,  and  21  ash  ;  of 
Br.  moUiSy  76  6  per  cent,  water  and  14  ash. 

100  pts.  of  ash  were  found  to  contain : 
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Na«0  Ca"0  Mg"0  Fe20» 
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ao* 

CO« 

p«o» 

KCl 
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»l 
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Native  bromide  of  silver.    See  Siltsb, 

An  alloy  of  copper  and  tin.    See  CoFPsa. 

SchUlerspar.  Diall<ige  Jtbro-laminaire, — A  mineral  beloncring  to 
the  augite  family  (p.  476).  It  is  massive,  with  laminar  structure  inclining  to  fibroQ&. 
Colour  varying  from  yellowish-brown  to  pinchbeck-brown.  Lustre  from  motlier-«j.f- 
pearl  to  bnght  adamantine  (pseudo-metallic).  Harder  than  felspar.  Specific  gravity 
3  201  to  3*25.  Like  all  the  augites,  it  is  a  metasilicate,  its  general  formula  bt^m^r 
M"SiO'  or  M"O.SiO*,  the  M"0  denoting  lime,  magnesia,  manganous  oxide,  and  f«rrou6 
oxide  in  variable  proportions,  the  magnesia,  howeTer,  predominating.  It  is  found  m 
large  masses  in  beds  of  serpentine. 

Del  esse  examined  a  mineral  from  the  serpentine  of  Houx  in  the  Vo<5ge«,  which 
resembled  bronzite  in  its  large  amount  of  magnesia  (66*33  SiK) ;  TSO  Mn'C  ard 
Cr»0' ;  6  73  Fo"©  ;  3193  Mg'O;  1-40  Ca'O;  211  loss  by  ignition);  but  differed  fram 
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ha  nine  metallic  hute  uid  ponchtwd-brown  eoloor,  and  in  b«u{ 
lUc,  dpediUy  parallel  to  oP;  ipeciAe  gnTi^  S'lM  (Ann.  Hii 
'or  other  uuItm*  of  broaiite,  aee  Om.  Hudb.  iiL  4D3,  404 
J.  [a]  XT.  S33;  Sjernlf,  Biwhof*  Lehib.  d.  ehem.  n.  pbji 

f)iriitUM.  ArtmuUt, — One  of  the  fonoi  of  natdre  titanic  aobjdrid 
rphou.  The  ciTstals  belong  to  the  trinutrie  aj^iteiD,  and  ^Dwall 
ated  combinatione,  among  which  Te  maj  aanuna,  as  the  prtmar 
,  in  «hieh  the  lengths  of  the  brachjdiagonal,  maaodiaoonal,  an 

OMUother.u  0-5901  :  1  :  0SM8.  A^e  of  th*  Uniiuul  edge 
il  McUon  -  136°  46';  in  the  macrodiagDiul  aectioii  -  101°  37' 
^  —  94°  41.  The  aystals  exhibit,  together  with  P,  the  ttux 
^ewiu  other  pjfaniidi  and  horizontal  prinns :  and  aie  ofte 
ax  fbrm  bj  predominuice  of  the  Eices  m  I*  n.     CleiTaoe  paralli 

red,  brown,  or  black,  with  adamuidne  or  mini-metidlic  lutn 
IS.  Streak  jellowieh-whibe.  HardniH  -  6i  Co  B-O.  Speclfl 
22.  Brittle.  It  iifonnd  at  Oiuna  in  Diiaphini,  at  Trenudoc  ii 
othaid,  is  the  Valonina  aod  the  QriMmtEial  in  Switzerland,  i 
and  at  Magnet  Cove  in  Axkaneas.  The  cijatals  from  the  laal 
'em  it  lint  regarded  u  ■  dietiDCtBpeciea,oallMl  j<ritanM{e.(KopI 

[3]  S21;  EJ^tallognphle,  p.  2B6.) 

.  Tarietf  of  bitlairoar  from  the  Broasa  valley  in  Piedmo&t  •» 
nsniehed  b;  a  rather  taive  amount  of  iron.  A  nedmen  fnn 
1  b7  Hirzel  (Zeitoch.  £  Buum  18S0,  p.  24),  jielded  IMS  pt 
.t«, 

fX&  TZWOTOXZA  or  Morut  tinetoria.  —  The  plant  whJe 
Dd.  (See  MoBUB  and  MoBnnunao  Acm.) 
BX«.  —  The  fruit  of  SuAiu  fnustieonu.  See  KcBiit. 
mimarim,  romimuL— C"H"N'0'  +  4HV)  (Pelletier  and  Ci 
D.  Ch.  Phja.  [2]  xii.  118;  nn.  fiS.— Pelletier  and  Damai 
>rriol,  J.  Pharm.  li.  496.— Liebig,  Ann.  Ch.  Phjt  [2]  ilri 
m.  xzxi.  SO.— Regnanlt.Anii.  Ch.Ph7i.  [2]  liriii.  113).  Thi 
uits.  together  with  Btrrehiiine,  in  nnx  romica  (the  >eed  of  Stryck 

the  bean  of  St.  Ignatioi  (the  aeed  of  Stryelmot  Ignotii),  in  th 
hlubrina,  and  in  upot  tievtt.  an  extract  prepared  bom  the  bark  ( 

and  lued  b;  some  of  the  nativta  of  the  East  Indian  AjcIiipelBg< 
JTOW9.  It  also  eiiste  in  large  qoanti^r.  and  unaccompanied  b 
angnjitnra  bark,  originallj  euppoeed  Co  be  the  bark  of  Brvcia  an 
w  ascertained  to  belong  to  a  species  of  sti^chnoa,  probablj  Slryel 

Friym  f(dtt  angxaiura  bark. — The  pulverised  bark  is  treated  wit 
tj  matter,  then  digested  in  strong  alcohol;  the  drj  alcoholic  ei 
water;  thccolonringmstt«r preciptaCedby BDbaceCateof  lead;  th 
■ed  hj  sulphuretlod  hydrogen ;  and  the  liquid,  which  contains  th 

is  boiled  with  magucaia,  again  filtered  and  praporated.  Th 
■ined  in  the  fbrin  of  a  granular  mass,  generallj  coloured.  T 
it  is  satunted  with  oialic  acid ;  the  oxalate  of  brucine  is  wash? 
ol  cooled  to  0°  C.  which  dissokes  the  colouring  matter,  the 
.  and  decomposed  by  lime  or  magnesia ;  and  the  bracine  thus  si 
in  alcohol  and  aystallised  by  slow  evaporation  (Pelletier  an 
inard  (Traiti  de  Chimic,  Bth  ed.  iv.  281),  recommends  as  a 
preparing  brucmc,  to  treat  the  bark  with  boiling  water,  add  oxali 

decoction,  concentrate  by  evaporation,  and  purijy  the  oxalate  i 
Qobol,  as  abOTe. 

<  of  Btrydmoi  nur  uomica,  ^  —  The  mother-liqnora  obt^ed  i 
stryehnins  from  these  seeds  (see  BraTCBimra),  contain  bmeini 
ned  tram  them  by  concentrating  to  the  consisteace  of  s^rrup,  an 
ling  wi^  dilute  sulphuric  acid.  The  miztnr^  if  left  to  itself  fc 
■  oystals  of  sulphate  of  brucine.  which  are  to  be  pressed,  ndii 
ater,  and  decolorised  by  animal  charcoal.    The  brucine  is  the 

ine  aystallises  by  akiw  eraporation  &om  its  solution  in  hydratt 
li^nnboidal  prisma,  often  rather  laige,  and  sometimea  agglomerate 
tiroonu.  B;  rapid  crystallisation  from  boiling  water,  nacreoi 
e  obtained,  havug  the  aspect  of  boric  add.  The  crystals  contoi 
allisation  (>  I6'46  per  cent.);  they  effloresoe  quickly  ia  dry  ai 
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and  melt  in  their  water  of  crystallisation  at  a  little  above  100°  C.  They  iUmidIt*  xm 
860  pt«.  of  cold,  and  600  pts.  of  boiling  water;  they  ajre  Tery  soluble  in  alcoh'il.  *pr. 
ingly  in  essential  oils,  insoluble  in  ether  and  in  fiit  oils.  The  alcoholic  solcticn  t^Tr• 
the  plane  of  polarisation  to  the  left;  specific  lotatoiy  power  =■  —61°  27*.  Acu« 
diminish  the  rotatory  power. 

Brucine  is  poisonous,  and  acts  on  the  animal  economy  like  strychnine,  bat  with 
much  less  ener^. 

Decompositions.  —  1.  Strong  nitric  acid  colours  bracine  deep  red,  forming  a  tJe-'^.-sj 
nitro-compound  (cacothelineX  and  erolring  nitrite  of  methyl,  together  Vilh  a  tr^ 
oxide  and  carbonic  anhydride,  this  last  not  being  a  direct  product  of  the  reaetiott  H% 
resulting  from  the  decomposition  of  oxalic  acid  preriously  formed.  (8trecker,  A.ift. 
Ch.  Pharm.  xd.  76.) 

C"H«^»0*  +  6HN0»  «  C»H»N*0»  +  CH».NO«  +  C»H=a«  +  2NO  +  JH^J 

Cscotheline.  Nitrite  of  Oxalic 

naetbyU  jurid. 

The  addition  of  protochloride  of  tin  to  the  mixture  changes  the  red  eolorcr  to  a  fji* 
violet.  This,  together  with  the  red  colour  first  produced,  is  qnit^e  charact«rt*ti<'  if 
brucine,  and  serves  to  distinguish  it  fi:om  other  alkaloids.  —  2.  Strong  gulpharir  n^^ 
imparts  to  brucine,  first  a  rose,  then  a  yellow,  and  then  a  yellowish-green  coloer.  — 
3.  Bmcine  boiled  with  peroxide  of  lead  and  excess  of  sulphuric  acid,  foniM  a  V^towt,  nr 
red  mass.  This  character  further  distinguishes  brucine  from  strychnine,  which,  wr^a 
treated  with  sulphuric  acid  and  peroxide  of  lead,  assumes  a  blue  colour,  cii^np-i; 
through  violet  and  red  to  yellow.  —  4.  Brucine  distilled  with  sulphuric  acid  and  y  - 
oxide  of  niatiffanese,  gives  ofiF  inflammable  vapours  and  a  liquid  (probably  hy-ibrwt*  -i 
methyl),  which  bums  with  a  blue  flame;  the  same  liquid  is  produc*^  on'tiva.'^u: 
brucine  with  mercuric  otide,  or  with  sulphuric  acid  and  chromate  of  poia^^iam,  r^,^' 

bonic  and  formic  acids  being  hkewise  evolved  in  the  latter  case. 6.   Ck^^^n/t/-  .i*^-* 

not  produce  immediate  turbidity  in  a  solution  of  brucine,  but  colours  it  yt'U4..-w.  a:  i 
afterwards  red  ;  this  last  colour  disappears  aft^  a  while,  the  liquid  at  tho  j^arm*  tir.^ 
depositing  yellow  uncrystaliisable  flakes.  —  6.  Bromine  dissolved  in  alcohoL  4'u  k,.- 
attacks  brucine,  colouring  it  violet.  With  a  weak  solution  of  bromine  ami  sulphjtr  Jf 
brucine,  a  resinous  matter  is  formed,  together  with  brotnobrueinc.  —  7.  Ifi</t*u  f-n  i 
with  brucine  two  peculiar  compounds.  Iodide  of  ethyl  converts  it  into  ht/dru-d^u 
of  ethylljrucin^. 

Combinations. — The  salts  of  bhucinb  have  a  bitter  taste,  and  are  for  th<*  mr^  pj-i 
crystal li sable.  Strong  nitric  acid  colours  them  red.  They  are  decomposed,  net  o^lj 
by  mineral  alkalis,  but  al-o  by  morphine  and  strychnine,  which  precipitate  t  V 
I'l-ucine.  WTien  diluted  with  water  and  mixed  with  a  slight  excess  of  tartaric  s*  i-l 
they  are  not  precipitated  by  acid  carbonates  of  alkali-metals. 

Acetate  of  Brucdte  is  very  soluble  and  nncr}^8tallisable. 

Chlorate  of  BRUcrNH.— Transparent  rhombs.  Decomposes  suddenly  when  stroiiirlr 
heated. 

Hydrochloratk  opBEUcncE,C»H^«N20*.HCl,or  CMorida  of  BruHum,  C^H^^-Om'I 
(at  140^  C.)  A  solution  of  brucine  in  dilute  hydrochloric  acid,  yields  the  salt  •>n  Cv^  Lt^ 
in  crystalline  tufts,  moderately  soluble  in  water.  The  chioromercuraU,  C^H^fN  -U *^L  l 
Hg"Cl*,  is  obtained  as  a  crystalline  magma  on  mixing  the  alcohol.c  solutions  of  tii-  r^-) 
component  salts ;  and  if  the  mass  be  heated  with  a  small  quantity  of  alcohol  aod  <r  r^z 
hydrochloric  acid,  the  liquid  on  cooling  deposits  the  double  salt  in  long  ne^il<  «.  *ri .  & 
must  be  washed,  first  with  a  large  quantity  of  water,  and  then  with  &trr»ng  alo«ih<«i. 

The  ehloroplatinate,  2(C^H2«N20*.HCl).PtCl\  is  obtained  as  a  prtcipiUte  of  r  ri  .. 
yellow  colour,  by  mixing  a  solution  of  sulphate  of  brucine  with  tetrachloride  of  plat  j'il-  . 

Htdrofkrbocyanatbs  of  Brucine.— Three  of  these  salts  are  known : «.  4C-'*11*N  ^ » 
4HCy.Fe"Cy*  +  2H20.  Precipitated  on  mixing  a  solution  of  ferrocyanide  of  pj?»»<»  -- 
with  nitrate  of  brucine,  in  shining  needles,  sparingly  soluble  in  cold,  more  aoluV'Ie  xo  L*  i 
water  and  alcohol;  very  hygroscopic.  When  heated  to  100^  C.  or  boilisi  with  viV, 
it  decomposes,  giving  off  hydrocyanic  acid,  and  depositing  a  blue  precipitate.  6.  I  w 
alcoholic  solutions  of  brucine  and  hydroferrocyanic  acid  form  a  white  amorphous  jt«- 
cipitate  soluble  in  excess  of  brucine.  It  is  nearly  insoluble  in  water  and  in  il>.l..< 
has  an  acid  reaction,  and  is  rapidly  decomposed  by  heat.  7.  Acr)Id  solution  of  hrQ<  u- 
forms  with  ferricyanide  (red  prussiate)  of  potassium,  a  deep  yellow  crystal  line  pni->- 
pit^te,  which  appears  to  be  more  stable  than  the  f^^^  &c.  (Brands a,  Ann  CL 
Pharm.  Ixvi.  266.) 

HTDHOFLirATB  OF  Brucinb. — A  solution  of  brucine  in  warm,  moderately  <\^ncn- 
trated  hydrofluoric  acid,  deposits,  on  coohng,  small  colourless  prisms,  moderaU^ly  ii>juSjr 
in  water,  sparingly  in  boiling  alcohol,  nearly  insoluble  in  cold  alcohol.  Giv^s  off  4  i4 
p^,r  ceat  water  at  lOO^'C. 


BBDCINE. 

_     C»'H"NK)'.HI  +  aq.— „ ,_ ..  . 

[1;  ulabU  in  cold,  more  ■olobte  m  hot  water ;  duaolrea  in  alcohol 
water.    (Hegnault) 

^■uorai.— A  lolation  of  bmeine  in  iodic  add,  not  la  axons,  yiel 
>  ulu.  TIE.  an  leid  nit,  vhich  cTTitaUiica  in  haid,  truupareot, 
id  an  opaqoe  nlky  salt,  which  appears  to  contain  an  exoeas  ot  ba> 
i&DCiia.  a.  (C"H"N'0')U'. — Orange-yellow  precipitate,  obtain 
1  alcoholic  aolntian  of  bmcdne,  b  qoulity  of  tiDctuie  of  ioi^e  not 
•  compoond  fi.  (Analyais  333  per  cent,  iodine ;  calc  82'4  per  o 
'.P. — Produced  l^  triturating  brocine  with  iwitm  of  iodine,  eith 
Italic  tincture  Brown  powder  aolnble  in  hot  alcohol.  Treated 
id,  it  ^Tea  off  iodine  and  jields  a  aalt  of  brndne.  Wi^  nitn 
s  precipitate  i^  iodide  of  silTcr.  GaTS  bj  analjsii  SB-I3  per  era 
eel;  cale.  SS'aC,3'lH,  and  18-9  L    (FeUetier,  AiULCh.: 

Bnvann.  C^'tPO'.SSV  +  2aq.— A  scdntioa  of  bmeine  in  < 
da  this  salt  in  colouriess  four-eided  primus  bvTelled  at  the  tarn 

vater  than  nitrate  of  ittychniMi 

Bnucm  o^itallisea  in  long  needlsa,  aipecialt;  when  the  add 

gl;  ulabU  in  abnolnlA  alcohoL 

I  or  Bbocin>. — Small  prisms,  sparagly  solnble  in  cold  w 

water  and  in  alcolioL    OiTes  off  5A  per  oant.  water  at  I' 


[oderatety  solnble  in  water  and  alcohol ;  the  solntionatoni  brown 

air.  (Bodeker,  Ann.  Ch.  Pharm.  Ini.  61.— Lsnglois,  Am 
.  278.) 

o»  Bkdcotl  «.  (C=H»NH>')'.H*PO',  or  (C"H'TTO')'.HPO 
ition  of  bmeine  in  tnbsHic  phoepboric  add  jieldi  the  salt,  when  co 
shortened  prisms,  having  a  faint  jellowiah  colour,  sparingly  sola] 
liiaolTing  in  anj  ptnportion  in  hot  water.    Neutral  to  litmos  paper. 

water,  which  tiiey  lose  on  ezposore  to  the  air.  At  100°  they  ti 
rjitallieation  to  a  resinous  mass,  from  which  it  is  difficult  to  eipi 
tier. — $.  Acid  8alt.  Obtainedby  using  an  excess  of  acid.  Ciyeti 
ijar  platfB,  very  soluble  and  efflorescenL— 7.  PhotptaleofBracin 
a'.NaHTO'  (lit  100°  C.)  Obt^ned  by  digesting  bnicine  with  ord 
lium.    Short  opaque  prisma.    (Anderson,  FhiL  Mag.  [3]  xxxiii. 

OF  Bnuciiii  cryetaUises  fown  a  boiling  Mlntian  in  white,  silky,  fl( 

■  Bnucm— The  normai  alt,  (C'TEP'ITO'y.HW)' +  7aq.  is  obt 
imdne  with  dilute  snlphydric  add.  Long  needles,  reir  solul: 
r  in  alFobol;  giras  off  its  water  at  ISO°C.  An  acid  itdphaie  i 
sllidng  the  normid  salt  with  sulphuric  add,  and  remOTing  the  e 
ing  with  ether. — Seniie  ruipJialet,  On  adding  bmeine  to  a  soJuti 
wr  or  iron,  part  only  of  the  metallic  base  is  pcedpitated. 
■TB  OF  Bbdomi.  C"H»NW,Hp)ia.— Obtained  by  saturating  an 
r  bmeine  with  a  moderaidy  concentrated  mlation  of  BolphocyaniG 
s,  anhydrons,  soluble  in  water,  iafadbls  at  100°  C. 
OF  BnuoDfB.  ■.  Hormai  tartratt*.  (C^"WO')'.CH'0' +  i 
—  Obtained  in  limpid  well-defined  crystals  by  dissolving  '2  at.  br 
solution  of  I  at.  tHxtaric  add.    Very  soluble  in  hot.  sparingly  ii 


tarlraU  (dextro-rotatnry)  is  deponted  immediately 
water,  7^  at.  of  which  are  given  ofFat  100°  C,  and 
22  per  cent ;  by  calculation  I3'18  per  cent.)  Crystallised  from  6 
le  same  salt  contains  only  fij  at.  water,  or  11  at.  water  to  2  at.  o 
are  given  off  at  100°  C,  sodlhe  ntmainderat  150°(in  aUlO  pert 
■i  per  osnt.)  The  aitlitartraie  (laTo-rolatoiy)  always  contains  14 
liwd  from  water  ot  &om  sbong  alct^oL  It  ^Boresces  quickly  in 
lO-W  par  cent  watar  at  100°,  and  1  per  cent,  more  at  160°  (in  1 
at) 


I 
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sniitartrate  contains  6  at  water  (calc  16*7  per  cent. ;  ezp.  14'5  per  cent.) :  giT**  off 
13*3  percent  (4^at.)&t  100°  the  rest  at  160°.  Very  soluble  in  hot  sparinplj  in  eMi 
vater.    Effloresces  easily  in  dry  air.     (Pas tear,  Aim,  Ch.  Phys.  [3)  xxxriii.  472.1 

Thiosulphatb,  or  Htposulphitb  of  Bbucikb  (C**H*N'0*)»Jff'S'0"-»-6ax}.  (air- 
dried),  is  formed  when  a  solution  of  bmcine,  mixed  with  alcohol  and  sulphide  of  am- 
monium, IS  exposed  for  some  time  to  the  air.  It  crystallises  in  prismatic  ne.^***, 
which  dissolve  in  105  pts.  of  cold  water,  and  give  off  1  at  water  when  dried  orsr  oO 
of  vitrioL    (How,  Ed.  N.  Phil.  J.  [new  ser.]  voL  xcviii). 

Substitution-derivaiives  of  Brucine, 

Bbomobbucinb,  C**H"BrN*0*. — When  a  solution  of  bromine  in  dilate  akv>hol  ii 
added  to  an  aqueous  solution  of  sulphate  of  brueine,  a  resinous  substance  rmmedi^trly 
forms  :  and  if  the  addition  of  the  bromine  be  continued  till  two-thirds  of  the  bru.-iL^ 
iB  converted  into  this  substance,  the  decanted  solution  then  precipitated  by  aminfmij, 
the  precipitate  dissolved  in  very  weak  alcohol,  and  boiling  water  confAining  *  lirtia 
alcohol  poured  by  small  portions  into  the  liquid,  and  afterwards  a  little  pure  wat^, 
also  boiling,  a  slight  turbidity  soon  appears ;  and  on  leaving  the  soiatioi]  t-o  cc-'i, 
bromobrucine  is  deposited  in  small  needles,  having  a  slight  brown  colour.  It  esive  by 
analysis  17*6  per  cent  bromine  (calc  16*9  per  cent)  It  is  not  coloured  ted  by  6lrc*og 
nitric  acid.    (Laurent  Ann.  Cb.  Phys.  [3]  xxiv.  314.) 

Ethtlbbuctnb.  C'«H«*(C»H»)N«0«.— The  hydriodaU  of  this  base  is  obtained  \j 
treating  a  cooled  alcoholic  solutiofe  of  brueine  with  excess  of  iodide  of  ethvl,  in  cry-teN 
containing  2[C»H'^(C2H*)N20*.HI]  +  aq.  insoluble  in  water,  but  readily  solcb]**  iit 
hot  alcohol  Potash  does  not  separate  the  base  £rom  this  salt ;  but  on  treaiing  ths» 
solution  with  recently  precipitated  oxide  of  silver,  ethylbrucine  [?  hydrate  of  etli^l- 
bruciura,  C*'H**(C''*H*)N-0*.H,0,  analogous  to  hydrate  of  ammonioml  is  obtrine.! 
Tliis  base  dissolves  readily  in  water,  alcohol,  and  ether,  but  cannot  be  obtain»vl  in  f ':e 
solid  state.  The  solution  has  a  strong  alkaline  reaction,  precipitates  ferric  oxide,  unr- 
oxide,  and  alumina,  redissolving  the  two  latter  in  excess.  It  decomposes  ammoma- 
salts,  and  absorbs  carbonic  acid  from  the  air.  With  nitric  acid,  it  gives  the  same  rvtl 
colour  as  brueine.  It  neutralises  acids  completely.  The  nitrate  and  hydrochlorate 
crv'stallise,  their  solutions  however  becoming  coloured  during  evaporation.  The  hydro- 
chlorate  forms  with  tetrachloride  of  platinum  a  crystalline  double  salt,  containing 
3(C»H»(C'H*)N«0«.HCl).Pta*.  (Gunning.  J.  pr.  Chem.  IxviL  46.) 

BSVCZTB.  Nemalite.  Lancasteriu.  Native  Magnesia. — ^MgHO,  the  magnesium 
being  sometimes  partly  replaced  by  iron.  Crystallises  in  rhombohedral  forms.  IVimary 
form  R  =  82°  16',  generally  forming  the  combinations  oR .  oo  R.  Cleavacre  vp^-v  ea^ y 
parallel  to  the  base.  It  is  usually  foliated  or  massive;  also  fibrous,  the  fibres  h»in^ 
separable  and  elastic  Hardness —I '5.  Specific  gravity  2-35  (Hard in ^er).  Wni*«t 
inclining  to  grey,  blue  or  green,  with  pearly  lustre.  Streak  white.  Transparpnt  in 
various  degrees,  sometimes  translucent  on  the  edges  only.  SectiJe.  Flexible  in  fhin 
laminae.  Gives  off  water  when  heated,  but  does  not  fuse.  Dissolves  in  acids  without 
efilorescence.  It  accompanies  other  magnesian  minerals  in  serpyentine,  in  Unst,  <t3« 
of  the  Shetland  isles,  where  it  is  sometimes  found  in  regular  crystals;  at  Pyschmin^k 
in  the  Ural ;  at  Goujat  in  France ;  at  Hoboken  New  Jersey  ;  and  in  the  State  of  New 
York,     (Dana,  ii  133.) 

The  name  Brudte  is  also  used  as  a  synonyme  of  CHONDBODrrs  {q,  9.) 
BKUV03U0  ACZB.  A  substance  obtained  bvRunge  from  co:d-tar  naphtha 
(Pogg.  Ann.  xxi.  66,  316  ;  xxxii.  308).  When  the  sikaline  liquid  obtained  by  treat- 
ing coal-tar  naphtha  with  milk  of  lime,  is  mixed  with  an  add,  a  mixture  of  phcnic  or 
carbolic  acid,  rosolic  acid  and  brunolic  acid  separates  out;  and  on  distilling  this 
mixture  with  water,  the  phenic  acid  passes  over,  leaving  a  brown  pitchy  res.id)i«>e, 
containing  rosolic  and  brunolic  acid.  When  this  mixture  is  dissolved  in  a  small  quan- 
tity of  alcohol,  and  milk  of  lime  added,  a  rose-coloured  solution  is  formed,  oontainini;; 
rosolate  of  calcium,  while  brunolate  of  calcium  separates  as  a  brown  precipitate,  whirh 
when  decomposed  by  hydrochloric  acid,  yields  brunolic  acid  in  brown  flakesw  It  ap- 
pears to  combine  with  bases,  but  neither  the  acid  itself  nor  any  of  its  salts  have  j^ 
been  obtained  in  a  definite  state. 

JUilTM  BlWXtyMLAkMMMKm  A  green  pigment  consisting  of  oxychloride  of  copper, 
Ca^H)*  «  Cu*Cl*.3Cu"0,  prepared  by  moistening  copper  turnings  with  hydrochiori* 
acid  or  solution  of  sal-ammoniac,  and  leaving  them  in  contact  with  the  air.  The  oxy> 
chloride  then  forms  on  the  surface,  and  is  washed  off  with  water,  and  dried  at  a  gentle 
heat     (See  Coppbb.) 

BS>TOI]>nr.     One  of  the  constituents  of  the  resin  of  arbol-a-brea  (p.  354). 

VKTOWOK,  The  bitter  principle  of  the  root  of  the  red-berried  bryony  {Enffnho, 
dio'icd).  It  may  be  obtained  by  treating  the  root  with  boiling  watrr,  prei'iritatijiz  th«- 
filtered  liquid  with  subacetate  of  lead,  decomposing  the  precipitate  with  tuiphcretted 
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ntiiiK  th«  mtered  liquid,  and  ezhaujtiiig  tlie  rcsidnfl  with  i 
'irnR&beT,  BruidM'  Arch.  Fhum.  iii  366).  It  is  &  jflUowiih 
nd  or  browniiib :  tut«s  aweetiah  nt  flnt,  then  Coptic  ind  Tuy 
mod  ikotiol,  inwilDblfl  in  ether.  Solphiuic  icid  diwolTM  it,  fi 
bich  chaagee  to  greeii.  It  it  not  altered  bj  alkalii,  The  m 
its  predpitatM  with  nitnteofnlTW,  metcoraiu  nitmta|  and  mbi 
1  acta  *■>  diaBtiepiugatiTe,andin  Uiga  doaea  ia  pmaonoot.    (' 

Wall  (Chem.  Cantralb.  1869.  p.  fiV  the  alcoholic  extract  of  1 
0  bitter  cubataiiees,  brjonin  and  brjouitin,  which  maj  b< 
;  the  aqtiMnu  inftision  of  the  alcoholic  extract  with  imliacetBte  0 
H  the  greutPT  part  of  the  btyouitin,  leaying  bijonin  in  aa 
eed  from  adlierini;  r«eiii  bj  treatment  with  absolute  ether,  ii  a 
red  granular  sabetanoe.  tranaparent  in  thin  la^reri,  and  accon! 
■■H"0" ;  but  the  Bimpler  formnla,  CH'O',  asraea  well  enongl 
B  aaaljaie.  It  appcan  to  be  a  glucoiide,  end  ii  reaolTed  b;  1 
luric  add,  into  glncoM,  and  two  amorpboue  bodies,  tIi.  brjo: 
and  hjdrobrjoretin,  inioluble  in  ether,  bnt  aolable  in  alcoh 

c-H"0"  -  CF'H-O'  *■  (yiH"^  +  cm'vy 

Brranln.  BrranUn.  (jjilia.  OIivbh. 

u  a  white  erfitalline  man*,  solnble  in  water  and  ether,  inaota 
sgarda  the  biyonin  of  Brwidea  and  Firnhaber  aa  an  impore  nibi 
M,    See  the  laet  article. 

from  Pa6>,  oz).  The  naine  of  a  peculiar  tabetalUMk  aaid  bj 
nne,  and  Eo  be  copionil;  precipitated  by  metallic  salle,  dncb 
and  therefore  to  be  actire  in  the  qftlieation  of  eow-doDg  to  < 


Taiying  in   Mmpoaitioa    ht 
A)K>'.3SiO*,  and  probably  nothing  rat  flbroni  diithene  mixei 
tTBSKB  and  SiLLnuvm) 
BITS.     See  E^tDora. 
at.     See  RHtxnDs. 

AT.  Polsgonum/acomrum,  and  P.  tartarieum. — Aplaotindi) 
h  cnltlrated  in  the  north  of  Europe,  where  the  floor  u  lued  fbi 
eldi  on  the  gTerage,  43  per  cent.  I^  weight  of  grain,  and  S7  >t 
ickwheat  contains  on  the  average : 

ALr  dried.  aohjdroiu. 


fibre,  &c 


geni  in  100  pla.  of  the  coarse  yellow  flour :  fi-6  nitnigen,  3-4 
md  7'S  &t;  m  the  bran,  2-i  nitrogen,  1'3  phosphoric  anh] 
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BUCKWHEAT  — BUTE  A  GUM. 


1.  Analysed  by  Bichon  (Ann.  Ch.  PharoL  L  419).  2,  3.  By  Sprenj?«tl  (J.  t*>hx 
Them.  ri.  402 ;  x.  860).  4—9.  By  Wolff  (J.  pr.  Chem.  lii  65).  4.  Straw  of  '>v  k- 
wheat  grown  in  unmanupcd  soil;  6,  on  soil  manured  with  chloride  of  sodJuni ;  6.  v*^ 
nitrate  of  potassium ;  7,  with  potashes ;  8,  with  sulphate  of  magnesiiun ;  9,  w  ith  Un.r. 

Spreng:el  found  in  the  air-aried  straw,  3  20  per  cent  asL 

Colouring  Matters  of  Buckwhiot, — The  leaves  contain  a  yellow  colottrinc-mit*-T. 
ftrst  observed  by  Nachtij^al  (Jahreeber.  C  Chem.  1849,  p.  713),  ftirther  exa.miii/-<i  t 
Schunck  (Chem.  Gaz.  1858,  Jan.  18;  Jahresber.  1867, p.  489).  According  to  Srhuri.  k, 
its  composition  may  be  most  simply  expressed  by  the  formula,  C'H'O*,  and  it  is  |>.--^ 
bably  identical  with  rutin  {q.  v.\  and  with  Moldenhauers  ilixafithiru  It  cryptilii^*^ 
in  yellow  needles,  dissolves  sparingly  in  cold  water,  more  readily  in  boilinja:  wjttrr, 
more  still  in  alcohol.  Alkalis  dissolve  it,  forming  a  deep  yellow  solutioo.  from  wKi  \a 
it  is  precipitated  by  acids  ;  if^  however,  the  solution  be  exposed  to  the  air.  the  crXonr- 
ing  matter  is  transformed  into  an  amorphous  substance,  easily  soluble  in  wnter,  %rA  n  i 
longer  precipitable  by  acids.  Hj'drochloric  and  sulphuric  acids  changn©  the  T'-:!-  w 
colour  of  the  crystalline  substance  to  deep  orange:  but  water  restores  itw  Dilut*?  >i-A- 
phuric  acid  does  not  decompose  it,  even  at  boiling  heat;  nitric  acid  convert*  it  in?.* 
oxalic  acid-  With  oxide  of  lead,  it  forms  a  bright  yellow  compound,  like  chromate  n» 
lead,  and  communicates  a  bright  yellow  colour  to  cotton  stuffs  mordanted  with  ar*-?  \t-* 
of  alumina.  The  presence  of  foreign  matters  in  the  crude  extract  of  buckwheat  ^Xm^ 
renders  the  colour  somewhat  impure.  According  to  Nachtigal,  5  pts.  of  buckwh»-i» 
straw  contain  as  much  colouring  matter  as  1  pt.  of  quercitron.  Accordinp  to  SchunrX, 
1000  pts.  of  the  fresh  leaves  contain  rather  more  than  1  pt  of  pure  colourioc  matter. 

Buckwheat  straw  has  been  said  to  yield  indigo  by  fermentation;  a  statement  whi»"i, 
however,  is  not  confirmed  by  the  observation  of  Schunck  (Handw.  d.  Chem.  2^  Akll 
ii.  [2]  661.     Ure's  Dictionary  of  Arts^  Manufactures^  and  Mvus^  iL  467.) 

BVCUWMAVGA  RBSIV.  A  fossil  resin,  occurring  in  an  aunfrrou.5  all u vie  t 
near  Bucurumanga  in  New  Granada.  It  is  light  yellow,  tniiisp:irent  somewh.it  \\t^\  i«  r 
than  water;  becomes  strongly  electric  by  friction;  is  insoluble  in  alcohol ;  swells  up  't 
ether  and  becomes  opaque.  It  melts  when  heated,  and  bums  in  the  air  withoo' 
residue.  It  resembles  amber  in  outward  appearance,  but  does  not  yield  succLaic  ^"^  \ 
by  dry  distillation.  It  contains  82-7  per  cent,  carbon,  10*8  hydrogen,  and  65  oxy»'  a. 
(Boussingault,  Ann.  Ch.  Phys.  [3]  vL  607.) 

A  substance  obtained  by  Buchner  from  the  bark  of  Bttma  lujcand^^ 

A  cellular  flinty  quartz  rock. 

LIT  &SAVB8*  The  leaves  of  Di^sm/i  crenata,  a  rutaceous  plant  prowi'ij 
at  the  Cape  of  Grood  Hope,  Gass  incourt  (Buchn.  Rupert.  Pharm.  xxvi.  328)  f-urj*!  .r. 
1000  pts.  of  them,  besides  gum,  resin,  &c.,  6  6  pts.  of  a  volatile  oil,  having  a  gold-ye.l.~«r 
colour,  a  sharp  irritating  taste  and  odour,  lighter  than  water,  and  somewhat  sriluM* 
therein.  Brandes  (Arch.  d.  N.  Apoth,  Ver.  xxii.  229)  found  malic  and  oxalic  acji* 
in  the  leaves,  besides  albumin,  gum,  resins,  &c. ;  and  in  1000  pts.  88  pt«.  volatile  '^ '. 
and  40  pts.  of  a  yellowish-brown  bitt«r  substance,  soluble  in  water,  which  he  call«^d  »/'  •*- 
min.  Landerer  (Buchner's  Rupert  Ixxxiv.  63)  found  in  the  alcoholic  tincturr  o^ 
bukku  leaves,  a  crystalline  bitter  deposit,  which,  however,  was  insoluble  in  water. 

BintATXTTB.     A  hydrated  carbonate  of  einc,  copper,  and  calcium,  oceuTrinjr  in 

verdigris-green,  radiated,  acicular  crystals,  or  plumose  aggregations,  of  specific  cravitr 
3'32,  at  Chessy  and  Frammont  in  France,  and  at  Voltexra  and  Temperino  in  Toscxrr 
(Delesse,  Ann.  Ch.  Phys.  [31  xviii.  478).  It  is  very  variable  in  composition,  and  .a 
probably  a  mixture  of  several  minerals. 

See  Anaxysis,  Volumetrio  (p.  266). 

PITCH  or  SB8ZV*  Poix  de  Bourgogne.,  Pix  alha^  Pair  b^anri.', 
IS  the  white  pitch  obtained  from  pine-wood.  The  resin  of  Pinus  picea  purified  hr 
repeated  boiling  with  water,  is  also  called  Burgundy  fitch,  (See  Pi2KS-rbsz2(s  and 
PrrcH.) 

MUMMMMUL  OUMB&XV8SA*  CromiTvart. — A  terebinthaceous  tree  growisir  in 
the  Antilles.  It  yields  a  dry  white  resin  having  a  crystalline  fracture,  and  an  odoTj,r 
of  turpentine,  also  like  that  of  elemi.  It  is  but  slightly  fusible,  but  diffuses  ix^^'.i 
through  boiling  water  in  small  tenacious  granules.  The  resin  distilled  with  wstirr 
yields  47  per  cent  of  a  coloured  volatile  oil  (Gommart'Oil^  Essence  de  gom)narf\ 
which,  when  purified  by  standing  in  contact  with  potash,  then  with  potassium,  aa  1 
rectification,  has  the  same  odour,  composition,  and  vapour-density  m  oil  of  turpentine, 
and  forms  with  hydrochloric  acid,  two  compounds,  one  of  which  is  crystalline  and  one- 
sists  of  C'^H'"  2HCL     (H.  Deville,  Ann.  Ch,  Phys.  [:i]  xxvii.  90.) 

Native  silicate  of  manganese.  See  Bhodoiots. 

Bengal  Kino  — The  juice  of  ButeafrondosOt  Boxb.,  often  seat  zst» 
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Binn&  and  derivatives.    Syn.  Tbtstl  and  deriTatires. 

BVXT&ACTZC    ACZS.      Oxybuti/ric   acid,     C^H»0*  «  (C*H«0)"JI*.0=.      A, 

Wurtz,  Ann.  Ch.  Pharm.  c^'ii.  197.) — ^This  acid  has  hitherto  been  obtjiined  only  hy  t.j* 
oxidation  of  amyl-glycol  (p.  208) ;  but  it  might  donbtless  be  produced  abo  by  f^  # 
oxidation  of  butyl-glycol,  as  well  as  by  other  processes.  It  is  prepared  by  g^ut  t 
heating  14  pts.  of  amyl-glycol  with  30  pts,  nitric  acid  (HNO*)  and  42  pts.  m-at^-^  *Ji 
evaporating  over  quick  lime ;  it  then  remains  in  the  form  of  a  syrupy  liquid. 

Butylactic  acid  bears  to  butyric  acid  the  same  relation  that  lactic  acid  beari  to  f-rr- 
pionic  acid,  and  in  consequence  of  this  relation,  it  is  regarded  as  dibasic  (se*  LA.'-ir 
Acm),  although  all  the  Biaita  yet  obtained  from  it  contain  but  one  atom  of  mt:tdl  u 
place  of  hydrt^en.  The  barium-salt,  Ba"(C*H'0')*,  is  uncrystallisable,  dissolves  io  kX 
proportions,  and  with  moderate  facility,  in  dilute  alcohol,  but  is  insoluble  in  abv  ;-i'« 
alcohol ;  ether  precipitates  it  from  the  alcoholic  solution.  The  calcium-tali,  Ca''(C*H  '<)■  ^ 
(dried  at  120°  C),  separates  from  the  aqueous  solution  by  spontaneous  eTap-ira^tnin  ib 
warty  crystals,  which  dissolve  readily  in  water  and  in  absolute  alcohol,  bnt  arif?  i»- 
Boluble  in  ether.  The  Wwo-«a//,  Zn"(C*H'0')*+ 2aq.,  crystallises  in  ehining  l.^m- m^ 
which  dissolve  in  160  pts.  of  water  at  15°  C,  but  are  insoluble  in  absolute  a le«>hul.  T^ 
crystals  are  permanent  in  the  air,  but  give  off  11  per  cent.  (2  at.)  water  al  lOO'^  C. 

BVTTBJICBTIC  ACZB.     Pseudo-acetic  Acid,     C«H«0»  or  C«H*O*.C*H»0'.— .4i 

acid  first  obtained  by  No  liner  in  1841  (Ann.  Ch.  Pharm.  xxxviii.  229),  as  a  pn>i-  i.t 
of  the  fermentation  of  a  mother-liquor  from  the  preparation  of  tartaric  acid  eontaii*^:^^ 
a  considerable  quantity  of  tartrate  of  calcium,  or  by  converting  crude  tartar  into  la- 
pure  tartrate  of  calcium,  and  fermenting  the  product.  NoUner  designated  this  adi 
pseudo-acetic  acid,  from  its  resemblance  to  acetic  acid.  Berzelius  regarded  it  jtf  • 
mixture  of  acetic  and  butyric  acids.  Nicklfes,  however  (Compt.  ren<i-  xxxiii  415 1. 
showed  that,  although  tliis  acid  is  easily  resolved  into  acetic  and  butyric  aciiis,  it  i-v 
nevertheless  a  distinct  acid,  and  gave  it  the  name  butyracetic  a>cid-  Diiini^. 
Malaguti,  and  Leblanc  (Compt  rend.  xxv.  781),  showed  that  it  is  identiiai  :q 
composition  and  boiling  point  with  propionic  acid,  which  it  also  resembles  Ln  its  orhtr 
physical  properties,  and  moreover  stilted  that  its  salts  are  identical  with  the  yr-^ 
pionates  in  composition  and  crystalline  form.  Niekl^,  on  the  other  hund,  maiutajx  i 
that  the  salts  differ  in  certain  respects  from  the  corresponding  propionates.  l»^t':, 
the  acid  has  been  examined  by  LLmpricht  and  t.  Uslar  (Ann.  Ch.  Pharm.  xnr. 
321),  who  have  shown  that  butyracetate  of  barium  yields,  by  dry  distillation,  prop;.  1  -, 
propione,  and  propylene  (tritylene),  in  which  respect  it  exactly  resembles  the  propiouit** 
out  that,  on  the  other  hand,  butyracetic  acid  separates  spontaneously  or  bydistilJ^tK.Tu 
into  acetic  and  butyric  acids,  which  is  not  the  case  with  propionic  acid.  On  the  wh<i- 
therefore,  butyracetic  acid  must  be  regarded  as  a  distinct  acid.  It  appe«m  to  be  pr - 
duced  only  by  the  fermentation  of  tartrate  of  calcium ;  acid  tartrat-e  of  pota^ix.Tj. 
whether  crude  or  purified,  yields  by  fermentation  nothing  but  acetic  acid.  Acconii:*;? 
to  later  experiments  of  NickUs  (J.  Pharm.  [3]  xxxiiL  361),  it  is  likewise  obtiine-J 
by  pouring  a  mixed  solution  of  equivalent  qusdities  of  an  acetate  and  a  bnt^TaU  inX-i 
dilute  sulphuric  acid. 

Butyracetic  acid  resembles  propionic  acid  in  most  of  its  properties.  It  mixea  in  Li 
proportions  with  water,  and  is  separated  therefrom  unaltered  by  chloride  of  caJciuxc.  s 
property  which  distinguishes  it  from  a  mere  mixture  of  butyric  and  acetic  «^i* 
According  to  Dumas,  it  boils  constantly  at  140°  C. ;  but,  according  io  Limpri-'ht  AO<t 
V.  Uslar,  it  begins  to  boil  at  120°,  at  which  temperature  nearly  pure  acetic  arid  pa**.t 
over,  and  the  boiling  point  gradually  rises  to  160°,  when  butyric  acid  distils  ovrr,  ta^ 
•boiling  point  not  remaining  stationary  for  any  time  at  140°,  It  does  not  yield  e:tW  » 
definite  anhydride  or  a  definite  ether,  but  in  both  cftses  a  mixture  of  metMXm  asd 
butyrate. 

Butyracetate  o/Panwm,Ba"(C'H*0*)*  +  aq., resembles  the  propionate  in  compcsiti^'S 
and  properties ;  but  on  decomposing  it  with  sulphate  of  copper,  the  aeid  which  i*  <«=< 
free  separates  into  butyric  and  acetic  acids  (N  i  c  k  1  i  s).  The  caicium'SaU^  Ch*(  C*U *U^t', 
forms  silky  needles,  or,  according  to  Nickl^,  regular  octahedrons,  which  effieresre  li 
the  air.  The  copper-salt  crystallises  in  dark  blue-green  tables,  which  give  off  part  of 
their  water  of  crystallisation  at  100°  C.  It  rotates  on  water,  diiMolres  sparingly  ii 
water,  more  easily  in  alcohol. 

The  neutral  lead-salt  crystallises  from  a  very  concentrated  solution  at  low  temthr*- 
tures  in  cauliflower-like  masses.  It  melts  when  heated,  giving  off  part  of  ite  bj^i 
and  deliquesces  in  moist  air.  A  concentrated  solution,  to  which  chloride  of  b^niE  u> 
added  as  long  as  the  precipitate  first  formed  disappears  on  agitation,  yield*  by  ^.'^l^ 
evaporation,  a  double  salt  which  crystallises  in  square  prisms  eontiiining  bannm  ir . 
lead,  and  likewise  chlorine.  The  basic  lead-salt  is  formed  by  boiling  the  j^r^evivji 
with  oxide  of  lead.  It  crystallises  from  a  moderately  concentrated  aolntion  at  a  «Jtta 
above  0°  C,  in  octahedrons  which  contain  42  per  cent,  water,  nndergo  aquevos  ra^~»a 
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For  the  full  details  of  the  process,  Guckelhorprer's  paper  must  be  referred  to  ^Ann.  Ch. 
Pharm.  Ixiv.  39).  Thecnule  distillate  resulting  from  the  aetion  was  nr»utraliM»d  vr.n 
chalk  and  distilled.  A  neutral  distillate  was  obtained  wliicli  conBisteti  of  the  ai..#>- 
hyde«  of  the  acetic,  propionic,  butyric,  and  benzoic  skries.  These  wpre  fieparar*\i  br 
fractional  rectification,  the  portions  between  70^  and  100^  C.  which  con-n<t^  rf 
butyric  aldehyde  mixed  with  a  little  propionic  aldehyde,  being  coLIect<*d  arf^fmnMr. 
Butyric  aldehyde  is  much  less  soluble  in  water  than  propionic  aldehyde,  and  m-ay  U? 
separated  from  it  by  agitation  with  water.  To  obtain  the  buty^.'aldehyde  quit*"  pur*. 
it  is  agitAted  with  ammonia,  with  which  it  forms  a  crystalline  coraj>ouiid.  TliLa  :i 
decomposed  by  the  addition  of  a  concentrated  solution  of  alum,  the  liquid  di«tiUo<l,  &&•! 
the  distillate  rectified  oyer  chloride  of  calcium. 

When  pure,  it  is  a  thin,  colourless,  transparent  oil,  which  has  the  speHfic  gTnT»*y 
0'80  at  16°  C.  It  boils  at  68°  to  76°,  and  has  an  ethereal,  somewhat  penetmt  ing  o.lirr. 
The  small  quantity  in  which  this  substance  has  been  found,  has  prevented  it«  ooui- 
plete  investigation ;  but  almost  all  its  properties,  as  far  as  they  have  been  eJLAmii»<-i, 
are  identical  with  those  of  butyral.  It  acidifies  in  thQ  air;  an  aqueous  »^'iot;T^ 
mixed  with  ammonia,  and  then  with  nitrate  of  silver  until  the  alkaline  reactios  d;- 
appeara,  gives, on  the  application  of  heat,  a  beautiful  coating  of  metrillic  silver  on  t"< 
sides  of  the  vesseL  It  differs  from  its  isomer  chiefly  in  ita  boiling  pointy  its  deiis^tj, 
and  in  forming  a  crystalline  compound  with  ammonia,  which  butvral  does  ni*»t-. 

But^aidthy de-ammonia.  NH'.C*H'0 +  6aq.  —  Butyraldehyde  forma  with  ^trrci^ 
ammonia,  a  crystalline  mass  consisting  of  small  acute  rhombic  octahedrons:  from  m 
alcoholic  solution,  the  compound  crystallises  in  large  rhombic  tables.  The  drj  crr^^^t 
do  not  alter  in  the  air,  but  in  the  moist  state  they  gradually  become  bixjwn.  G^?' tlr 
heated,  they  melt,  and  sublime  at  a  few  degrees  above  100°  C;  more  stningrly  b«.t'.-L 
they  give  off  ammonia.  Potaah  does  not  expel  ammonia  from  them  at  ordinary  teio- 
peratures.  Aqueous  acids  or  alum  separate  butyraldehyde.  Butyraldehyde-ammoaia 
u  almost  insoluble  in  water,  but  soluble  in  alcohol,  and  in  ether. 

Sulphuretted  hydrogen  passed  into  a  solution  of  this  body,  appears  to  form  a  errra- 
pound  homologous  with  thialdine.  When  the  liquid  resulting  from  this  actioa  i< 
treated  with  ether,  a  sulphuretted  oil  is  obtained,  which  forms  with  hydrckchloric  acil 
a  solid  crystalline  compound.  £.  A. 

aVTTSAMZDB.    C*H*NO  «  ^^H^l^-     This    compound,   homologous    witi 

acetamide,  is  prepared  by  placing  1  pt.  of  butyric  ether,  and  6  pta.  of  atrons:  aqu-otw 
ammonia,  in  a  flask,  and  frequently  agitating  the  mixture  until  the  action  is  complete, 
which  generally  takes  from  eight  to  ten  days :  the  liquid  is  then  evaporated  to  one> 
third, and  on  cooling  th«  butyramide  crystallises  out: 

C^H'(C^*)0«  +  NH»  «  C*H'NO    +  C»H«0 

Butyric  ether.  Butyramide.         Alcohol. 

It  crystallises  in  snow-white,  nacreous,  transparent  tables,  which  aaelt  at  116^0.  t/)  • 
colourless  liquid,  and  volatilise  without  residue.  It  has  a  sweet,  cooling  tsste,  wjtb 
bitter  aftertaste.  It  is  readily  soluble  in  water,  also  in  ether  and  in  alcohoL  It* 
Tapour  is  inflammable.  Passed  over  red-hot  lime,  or  distilled  with  anhydrous  phos- 
phoric acid,  it  loses  water  and  yields  bntyronitrile  (cyanide  of  trityl)  : 

OH»N0  -  H»0  -  C*H»N 

Butyra-  Butyrool- 

niide.  trile. 

Its  aqueous  solution  is  decomposed  by  boiling  with  fixed  iilk»lt<«,  yielding  amnoonia  azid 
an  alkaline  butyrate : 

eH»NO  +  KHO  =  C'H^KO*  +  NH». 

Bv  pentachloride  of  phosphorus,  it  is  converted  into  cyanide  of  tritjl,  oxychloddt 
of  phosphorus,  and  hydrochloric  acid  : 

C*H»NO  +  PCI'  -  C^H^N  +  POCH  +  2HCI 
It  is  decomposed  by  nitrous  acid,  with  formation  of  butyric  acid,  water,  and  nitrogen: 

C^H'NO   +   HNO«   »  en'O*  +    H*0   +  N* 

Butyramide.       Nitrous  Butyric 

acid.  acid. 

Mercuric  Butyramide.  Hg''(C*H'NO)*,  is  obtained  by  boiling  mercnrie  oxide  with  so- 
lution of  butyramide.  The  filtered  solution,  when  concentrated,  depoaits  the  oompound 
in  small  nacreous  crystals,  more  lustrous  than  butyramide,  which  they  otherwi>f>  rt- 
■emble.  E.  A. 


C^H»0«  -  ^^g  jo.— Butyric  add  is  a  member  of  tht 
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ty  acida,  of  the  Rpnfnl  fnrmiil*  OH**0'.  It  wu  diiiTOTPi 
BFd  it  bj  Bsponifying  butter  with  nlkmlii.  It  nccors  in  natar 
d  in  eombi nation  nth  bawfl.  It  la  found  in  penpiration. 
a  hnmaa  fluh,  and  ^m  that  of  animals  :  in  enide  oil  of  ■ 
It  ii  found  in  all  liqaids  eontaining  lactic  acid,  u  a  p 
•a  of  this  nbstaiKV.  Butjric  acid  ii  ■!»  eantained.  togeth? 
)f  the  same  Beiieii,  in  rombinetion  with  Blycerin.  in  buttai 
Ilk.  Thia  compoond  of  batjrte  acid  with  gljc«riii  ii  ino( 
^npoaition  on  utanding,  by  whieh  butyric  acid  ia  set  frei 

botter  ]■  chiefly  dne.  Butyric  acid  ia  a  frequent  product 
c  anbatancea,  aa  when  fibrin  ia  treated  with  folpbaric  aci 
Fse,  or  when  oleic  arid  is  oiidiaed  by  nitric  acid.  It  has  ala 
Dductsof  the  destmctire  distillation  of  tobacco  (Zeiae)aad  i 
ber.  d.  Chem.  IgfiS.  280).  Laatly,  it  hai  been  fonnd  in  i 
beetln,  -anl  in  eert&in  mineral  wnters.  (Om.  i.  7S ;  liii 
.  [S]  661.) 

iDt  mode  ot  ita  formation,  and  that  on  which  the  preaent  m 
lion  are  baaed,  depends  on  the  melanMrphoaia  which  tUich, 
presence  of  lubatiiacea  which  act  aa  fermenta.  Pelonie  anc 
qtjric  acid  can  be  obtained  from  all  amylaceooa  and  Mcc 
I  be  tranrfbnned  into  lactic  acid,  audi  aa  cane-angor.  milk 

These  aubotancea  eipoaed  in  water  to  a  temperature  of  29"  to 
cheese,  or  aome  other  decaying  nitrogeneuatobstance.  firat  n. 
.ion,  and  are  nltiniately  conrerted  into  butyric  acid.     Thii 
ith  djaengagement  of  carbonic  anhydride  and  hydrogen : 
Cff-O-  -  CHM'  +   fCO>  t  H'. 
Laciic  Kid.         Dinrrk 

eaa  given  by  Pelouie  and  Gilia,  has  aubsequently  been  modi 

ane-Ba(;ar  to  pass  into  grape  au^ar.  To  this  soluti 
diflii.'<ed  in  8  Ibe.  of  sour  skim-milk,  tiwetber  with  3  Iba.  of 
rhole  is  left  in  a  place  the  temperature  of  which  ia  uniform  ai 
aiiture  is  fTcqai-ntly  etirred,  and  gcnrrallj  solidifies  after 
lick  maaa  of  lactate  of  c&lcimu.  If  thia  be  allowed  to  atand 
I,  the  eTaporat«d  water  being  renewed,  it  again  becomes  liqu 
It  the  expiration  of  flre  to  aii  weeks,  wh  m  the  disengagei 
whole  of  the  lactic  acid  (and  therefore  the  whole  of  the  sugi 
acid,  which  ia  preaent  aa  butyrate  of  calduzo.  Theoperatioi 
1  large  quantitiee  of  aubatance. 

in  of  butyrate  of  ealelam  ia  mixed  with  an  equal  bulk  <^  wal 
xiunda  of  cryatallised  aoda  ia  added,  with  agitation.  The  a 
>  carbonate  of  calcium  ia  evaporated  to  ten  pounds,  and  decoi 
tion  of  fire  and  a  half  pounds  of  sulphuric  acid,  previonely 
it  of  water.  The  greater  part  of  the  butyric  acid  (hen  sepac 
I  aurftca  of  the  aolutioD  of  (he  acid  anlphsJe  of  aodium,  ani 

a  tap-ftuineL  In  order  to  obtain  the  bn^ric  acid  still  eonta 
ate  of  aodium.  it  ia  distilled,  the  distillate  neutraliaed  with  cai 
ed,  and  the  acid  aepaiated  aa  before  by  means  of  inlphnric  i 
iona  of  crude  butyric  add,  which,  beaidet  water,  Blmya  i 
todivm,  are  mixed  with  aulphiiric  add  (about  one  ounce 
prereDt  the  aeparation  of  neutral  snlphate  of  aodium,  which 
latillatiaiL  The  diatiUata  consiating  of  aqneoui  butyne  . 
hloride  of  caldnm,  and  lecCiBed.  iS  first,  oihite  add  paw 
naof  bTdlDcUoricadd;  tfaia  afterwirda  givn  place  to  ccmeai 
actionally  diatilled,  ia  obtained  of  a  eraiatant  boiling  point  an 
to  use  sulphuric  than  hydrochloric  acid  in  the  decompoei 
I.  aa  the  Lattar  cause*  the  mixture  to  froth  up,  and  it  ii  diffl 
i  completely  bmn  hydrochloric  acid. 

alao  be  prepared  by  aiqranifying  bntter  with  an  alkali,  anddi 
.uric  acid.  But  this  navtliod  ia  never  used  for  the  prepara' 
a  ite  separation  &om  the  accompanying  soluble  &tty  acida  i 

Eyrio  add,  when  por^  ia  a  colonrtna,  transparent,  and  veir 
dour  auggeative  both  of  vinegar  and  of  randd  bnttcr.  It 
ing  taate,  and  attaeka  the  akin  like  the  ■*iongett  acids.    It  I 
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167°  C.  under  760  mm.  pwwrare  (Kopp),  and  distUs  without  altermtion.  Its  vap-iin. 
density  varies  with  the  temperature ;  at  26P  C.  it  was  found  to  be  37,  comnff<^L:4> 
to  2  vols.  The  vapour  is  inflammable,  and  burnB  with  «  blue  flame.  The  di»ns  f 
of  the  liquid  acid  is  09886  at  0<>C.;  0-9739  at  16°;  and  0-9676  at  25^  It  .1  .n 
not  solidify  at  20®.  but  in  a  mixture  of  solid  carbonic  acid  and  ether  it  crj •tiJiL-.* 
in  plates.  Butyric  acid  is  soluble  in  all  proportion*  in  water,  alcohol,  aiwi  w^-.-i- 
spirit. 

Decompositions. — 1.  Butyric  acid  dissolves  in  sulphuric  acid  without  aUt^ration  ia 
the  cold ;  at  higher  temperatures,  the  greater  part  distils  off"  unchanged.  —  2.  It  aLf.  ii*. 
solves  in  nitric  acid  in  the  cold;  by  prolonged  ebullition  with  nitric  acid  of  fcpr  -its 
gravity  1*40,  it  is  transformed  into  succinic  acid : 

Bu  yric  Smcviulc 

Hcid.  acid. 

3.  Iodic  acid  does  not  act  upon  butj-ric  acid.— 4.  Butyric  acid  is  energetically  attsrM 
by  chforint,  with  formation  of  hydrochloric  acid  and  of  dichlorobutyric  aciJ. 
C^H'CPO*.  If  the  action  of  the  clilorine  be  continued,  the  butyric  ai:-id  is  ultmiaUi? 
converted  into  tetrachlorobutyric  acid,  OH*CI*0^  Iodine  haa  ecarcelr  u/r 
action  on  butyric  acid.— 6.  By  the  action  of  pentach/oridc  of  phosphorus^  chloride  u'f 
iutyryl,  OH'OCl,  oxychloride  of  phosphorus,  and  hydrochloric  acid  are  formed: 

c*H»o«  +  pa*  «  c^H'oa  +  poci*  +  hcl 

Butyric  ChloriJe  of 

acid.  butyryl. 

fi.  With  pentasulphide  of  phosphorus,  it  forms  thiobutyric  acid  (p   694) 

Butyric  acid.  Thinbutyric 

acid. 

BuTTRATES.— Butyric  acid  is  monobasic,  the  butyrater  being  repTcsetited  bv  the 
general  formula  C*H'MO'  «  C^H'O.M.O. 

Wlien  quite  diy,  they  are  inodorous;  but  when  moigt^  they  possess  a  strong  oddur  J 
butter.  They  are  mostly  soluble  in  water,  and  cryitaUisaWe.  Many  of  th«m  r^^uw 
when  thrown  upon  water. 

Butt/rate  of  Aynmonium,  C*H^(NH<)0«.  —  A  deliquescent  salt,  which  pv* 
butyronitrile,  C«H'N,  when  distilled  with  anhydrous  phosphoric  acid. 

Butyrate  of  Barium.  Ba''(C^H'0*)'  +  4aq. — Obtained  by  neutralising  butyric 
add  with  baryta- water.  The  filtered  solution  evaporated  in  the  cold  yiiFilfis  h.-o^ 
flattened  prisms,  which  are  quite  transparent,  and  contain  2  at.  water.  Thoy  m^^t 
at  a  temperature  below  100°  C,  without  any  loss  of  weight,  to  a  transparent  li.'inki. 
The  salt  dissolves  in  227  pts.  of  water  at  10°,  and  rotates  on  the  surface.  W?«-3 
butyrate  of  barium  is  crystallised  from  a  hot  concentrated  solution,  it  contains  1U9 
per  cent,  of  water  =  1  at.  water  of  crystallisation,  its  formula  being  Ba''(C*H*0*)*  ▼  2m{. 

Butyrate  of  Copper.  Cu*'(0*H'0*)«  +  2aq.— According  to  Chevreul,  and  to  Pelooz* 
and  Gelis,  this  salt  contains  2  at  water ;  according  to  Li^-Bodart,  I  at.  water.  It 
is  obtained  by  the  addition  of  a  cuprie  salt  to  a  solution  of  butyrate  of  pot«A»in'D 
The  bluish-green  precipitate  formed  is  cryst^iUised  from  boiling  water,  which  Tield^  it  la 
cryst>als  of  the  monoclinic  or  oblique  prismatic  system.  By  prolonged  eboilition  m'.a 
water,  the  salt  is  partially  decomposed  into  subsalt  and  free  butyric  acid,  ^y  <li*st illa- 
tion at  about  250°  C,  but3rrate  of  copper  is  completely  decomposed  into  a  liqtiid  wlii/^h 
appfyirs  to  be  pure  butyric  acid,  a  gas  composed  of  equal  volimies  of  carbonic  ox  l<» 
and  carburetted  hydrogen,  and  a  residue  of  finely  divided  metallic  copper  mixed  w.ii- 
carbon.  When  butyrate  of  copper  is  rapidly  heat«d  to  a  high  temperatura,  therc  ta 
produced,  along  with  other  substances,  a  white  crystalline  body,  which  is  cujjr-M 
butyrate.  A  compound  corresponding  to  Schweinfurt-green  (p  16)  is  obtain'*!  tij 
mixing  a  solution  of  butyrate  of  copper  with  solution  of  arsenious  acid.  A  yell?wi^h' 
green  amorphous  precipitate  forms,  which  afterwards  becomes  erystalline,  and  ejch  bits 
the  pure  green  colour  belonging  to  Schweinfurt-green.  It  is  a  double  salt  of  aisrsjis 
and  butyrate  of  copper.  Cu'XC*H'0»)*.2Cu"(A80»)«. 

B  u  iy  rate  of  Calcium.  Ca"(OH'0«)«  (at  1 46° C.).— Obtained  like  the  barium-^L 
Crystallises  in  delicate  needles  ;  melts  on  being  heated  in  its  water  of  crystal  I  tsati'^a, 
which  it  gives  off  with  tolerable  facility.  The  dry  salt,  on  being  distilled,  gives  an  ojIt 
diKtillate,  consisting  principallv  of  butyral  and  butyrone.  This  salt  mtates  wbea 
thrown  on  water.     It  diKsol-Fefl  ID  6'7  pts.  of  water  at  16°,  but  orystalli^c^  out  *o  com- 
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soloUon  it  beated,  tliut  the  vliulo  beioiui^ii  solid.    Ou  cooling 


'  /ran. — Itdb  does  not  dccompow  dilate  bstyric  ■dd.  but  i 
LpeDw  of  >  portion  of  tli«  acid,  t£r  oxide  comliining  with  tbe  ri 
E  salt  whicti  MparatcB,  appean  to  be  aolable  in  a  hirge  qn 

EUj/l.    See  Bdttsio  Etrsbs  (p.  695). 
]/ L<aif.— ThennKivJ  aalt,  Pb'(C'H'0')',  ia  obtained  in  i 
ndaning  the  lolutioa  of    IsadKiiida  in  IjutTrii:  acid  to  ip 
■  oil  of  Titriol.     The  unia  uilt  ia  predpitalad  bj  bntjric  ac 
ai  acetate  of  lead,  m  a  colourUis  Tsry  hear?  oil,  wbich  lolid 

Baiic  tall,  Pb'(CH'0')'.2Fb''0.  Alkallns  butjralea  giro 
t  with  •olations  of  aabacelste  of  lead.  Wben  a  mixture  of  a 
lataratec]  witJi  l«id-02idfl,  ro».eolourHi  crystals  of  basic  bi 

These  an  decomposed  by  tlis  caHHoie  acid  of  the  air,  bat 
n  acetate  which  adheres  to  tbem. 

■Xaamtiam.    Mg'(CH'0')'  *  Baq.— BMintifiJ  white  Ian 
i  acid.    The  water  of  dyitalliaation  is  easilj  expelled. 
Bulgrale. — White  ■hioing  aeales,  like  mercmDUa  acetate. 
'  iiitkyl.    See  Bvttbid  Ethbks  (p.  SaS). 

:jii,    C'H'KO". — CVbonate  of  potassinm  ii 
.  and  the-  aolotion  eTaporated.    Ciystallisea 
^npo.    Very  deliqaescent ;  dissolves  in  0*8  of  water  at  IG' 


itjric  add.  and  the-  aolotion  eTaporated.  Ciystalliaes  in 
Very  deliqaescent ;  dissolves  in  0*8  of  water  at  IE 
ipp«ara  ti>  be  an  add  batjrate  of  potaseiam.  men 
distilled  with  an  equal  qiiantitj  of  aiacnious  anhydridi".  Ihi 
secondai^  prodocts,  an  oilj  liquid  blackened  by  rodnced  ars 
karein ;  it  is  citlier  iilkdi-xln  or  the  term  correKponding  to 
i.  112.) 

f  Sodium  is  tike  the  potassiDm-aalt,  bnt  less  deliquescent, 
f  Silver.    C'H'AgO'.—Butyrate  of  potassium  mixed  with 
to  shining  stsles,  like  acetate  of  silver.    The  salt  doaa  not 
It  leaves  metallic  silm  mixed  with  a  little  charcoal. 
r  Strontiunt.  Si'{C'H'0')' (drj)-— Long  flat  needlaa  like  tl 
oluble  in  S  pta.  of  watar. 
fZine.    Zn'{CH'0')'.— Aquaoim  ba«7iie  add  dissolves  eai 

tetnperaturas ;  the  filtered  solution  evapontad  in  vacno  Im 
The  aqueous  aolntion  ii  decoropoaad  bj  repealed  evapor 
ne  bat^ncadd. 

Sihltilutioii-drTitiaiiaet  of  Batyric  Add. 
■mm  Acid.    CH'Br*0>.—Ca hours  (Ann.  Ch.  Phji.  [3J  lii 
f  this  composition,  by  the  action  of  In'omiiie  on  citraeonate  oi 

which  he  gave  the  name  bnrmoirieonic  add.  It  is  now  com 
ininal«d  darivatiTe  of  butyric  add.  and  as  anch  finds  ita  i 
Tomine  is  gradnaUy  added,  nalil  ■lightlj'  in  eiceaa,  to  a  ■ 
lOtaasinni  in  Ij  pta.  of  water,  carbanic  acid  is  evolved.  an< 
denoaited.  which  is  a  miztun  of  two  inbstancea,  the  one  ai 
oil.  This  la  waahed  with  water  and  treated  with  potaab,  i 
dd.  and  leaves  the  neutral  oil  unchanged.  On  adding  dilii 
ition,  the  acid  is  deposited  sometimes  as  a  heavj  yellowish 
'Btalline  needles :  the  two  snbiitanees  are  identical  in  compos 

has  a  slight  amber  colour :  it  has  a  pecnliar  odonr,  feeble  at 
t  higher  tmnperafnrFB.  It  ia  much  heaiicr  than  wnter,  in  i 
;  it  is  qoite  sohible  in  alcohol  and  in  cthnr.  It  i>  partial 
ition.  with  formation  of  hydrobromic  add  fnm™,  and  leavi 
>.     Sometimes  the  oily  add  chanees   spoDtsBeonsty  into  i 

attacked  by  titrie  acid  with  disengagement  of  red  fumei 
lives  it,  disengdging  a  peculiar  odour,  ifter  which  the  additi 
litatea  an  oiL 

1  forma  with  annoma  an  acid  salt,  C'H'(SH')BrK>'.CH'Br= 
idlovish  white  anctnous  scales,  easily  soluble  in  water  and 
C*H*Aj;Bi*0',  is  obtained  by  addii^  nitrate  of  silver  to  a  i 
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the  ammonia' salt,  as  a  curdy  precipitate,  wliioh,  after  standing  some  time,  ositds  hXt  ^ 
pitx'hy  mass. 

Difjromohittyric  Ether.— Q^n\C!^U*)'BTKfi,  is  obtained  with  difRcnlty.  A  ^r^\zh  n 
of  the  acid  in  ahsohite  alcohol  is  saturated  at  70*^ — 80^C.  with  hydrobromic  4ci4  i^a..- 
the  solution  is  distilled ;  the  distillate  is  mixed  with  water,  and  the  reeoltint;  pT«:ip-,fi*?, 
is  washed  first  with  dilute  carbonate  of  soda,  then  with  pure  water,  and  fibaJiv  dnri 
over  oil  of  vitriol.     It  emits  an  irritating  odour  when  heated,  and  haa  a  sharj.  t\it«. 

Further  experiments  are  required  to  prove  that  Cahours'  broraotriconic  ami  i*  'if 
tnie  dibroraobutyric  acid,  and  it  is  to  be  regretted  that  its  discorcrer  shrraJd  net  bir- 
fully  cleared  up  this  point.  Cahours  obtained  the  following  rejmlt*  in  attemjtia^ti 
obtain  dibromobutyric  acid  directly.  Bromine  was  added  to  a  solution  of  lmt)T3tr  .jj 
potassium,  until  a  few  drops  of  a  brominated  acid  were  precipitated ;  the  whi^lf  w^ 
then  evaporated  to  dryness,  dissolved  in  alcohol,  filtered,  and  a  few  drops  of  suiphar/ 
acid  added,  which  precipitAtM  an  acid  differeot  from  butyric  acid  and  less  o-j  in-cv 
but  soluble  in  water  and  in  alcohoL  It  did  not  appear  to  be  identical  with  bru3i> 
triconic  acid. 

DicHLOROBTJTTRic  Acii>.  C*H*C1'0'.  (Pelouzs  and  G^Iis,  Ann.  Ch.  Pliyn  [31 
X.  447.) — The  best  method  of  preparing  this  acid  is  to  pass  dnr  cblorin*  gas  in  tr-Lj 
sunshine,  through  about  40  grm.  of  butyric  acid,  placed  in  a  Liebig's  bulb«afn>^irtt-i» 
At  first,  the  absorption  is  very  rapid ;  subsequently,  hydrochloric  acid  is  d>rn;.';t>/r.i 
and  the  liquid  assumes  a  yellowish-green  colour.  The  absorption  becomes  plnwt?  i^i 
more  difficult,  and  the  current  of  chlorine  must  be  continued  for  several  days  b^rrrs 
it  ceases  to  be  absorbed.  Dry  carbonic  acid  gas  is  now  passed  through  it,  at  a  ti-n- 
perature  of  80° — 100°  C.  to  expel  the  hydrochloric  acid:  the  residue  is  dichl-ThiU- 
tyric  acid. 

It  is  a  colourless  viscid  liquid,  heavier  than  water,  and  having  a  pecub'ar  oiioiir.  so•n^ 
what  like  that  of  butyric  acid.  It  is  insoluble  in  water,  but  eiitirely  sdabie  in  alrvri^l 
It  can  be  distilled  to  a  great  extent  without  alteration,  but  a  portion  always  dtcjia 
poses.     It  bums  with  a  green-edged  fiame. 

Its  potassium-,  ammonium-,  and  sodium-salts  are  soluble.  Its  silver-salt  is  vpanu^S 
soluble. 

Dichlorohuti/ric  Ether,  C*H*(C^H*)CPO',  is  prepared  by  gently  heating  ao  &lct>h..i- 
solution  of  dichlorobutyric  acid  with  sulphuric  acid.  An  oily  compound  ether  hnr,'^ 
an  ethereal  odour,  is  deposited,  which  is  washed  with  water  and  distilled. 

Tetrachlobobuttric  Acid.  C*H^Ci*0*.  (Pelouze  and  G^lis,  loc.  nt.)—T:.[t 
acid  is  produced  by  the  continued  action  of  chlorine  upon  butyric  acid  in  brurht  sin. 
shine :  the  chlorobutyric  acid  at  first  formed  is  ultimately  converted  into  n  wK  t«», 
solid,  crystalline  mass,  which  when  pressed  between  paper,  and  crj-stallised  from  etbf r, 
is  obtained  in  the  form  of  white  oblique,  rhombic  prisms,  which  melt  at  HO'^C..  d:«!:J 
without  decomposition,  and  smell  like  butyric  acid.  Its  silver-salt,  C*H'AgC'l*U^ii 
sparingly  soluble, 

Tttrachlorobutt/ric  Ether.  C*H«(C'H»)C1«0*.— In  a  solution  of  tetrachlorobutmc 
acid  in  several  times  its  bulk  of  alcohol,  the  addition  of  oil  of  vitriol  immediatrl? 
produces  a  crystalline  mass,  which  melts  at  a  gentle  heat,  and  separates  into  two  U;.>!«, 
the  heavier  of  which  is  tetrachlorobu tyric  ether.  It  has  an  ethereal  odour,  ud  l»nj 
with  a  green  flame,  giving  off  white  fumes  of  hydrochloric  acid.. 

Thiobuttric  Acid,  C*H*0S  «=  hI^*     Sulpholru tyric    acid.     (Ulrich,  Ana. 

Ch.  Pharm.  cii.  280.) — This  acid  is  produced  by  the  action  of  pentasulphidf  nf  pH* 
phorus  on  butyric  acid  (p.  691).  The  substances  in  equivalent  quantities  ar?  d:»ti'i«l 
together  in  a  flask  furnished  with  an  inverted  condensing  apparatus,  the  nction,  wh.ch 
is  violent  at  first,  being  assisted  towards  the  end  by  gentle  hentijig.  After  it  has  coa- 
tinned  for  several  hours,  the  mixture  is  distilled,  and  the  recldish  liquid,  which  coobiia* 
butyric  acid  and  dissolved  sulphur,  as  well  as  thiobut\Tic  acid,  is  subjected  to  frarti'niii 
distillation,  the  thiobutyric  acid  pjissing  over  at  130<^C.  It  is  a  colourless  liquiH,  •( 
almost  insupportable  and  persistent  odour ;  boils  at  130^  C;  is  sparin^jly  soluhlf  id 
watvr.  readily  in  alcohol,  and  dissolves  sulphur  with  yellowish  colour.  With  aoi^jt'  •  / 
lead,  it  forms  a  bulky  white  precipitate  of  thiosulphate  of  lead,  Pb"(C*H'OSf ,  jit.labi* 
in  a  large  quantity  of  hot  water,  also  in  hot  alcohol,  and  separating,  on  cooiu^g.  in 
small  colourless  crystals.  The  salt  decomposes  readily,  with  separation  of  sulphide  of 
lead.  £.  A. 

C*H'o/ 


Anhydrous  Butyric  And.     C'H'*0" 


C*HV)i 


0. 


(Gerhardt,  Ann.  Ch.  Pharra.  Ixviii.  127.) — The  formation  of  this  body  is  anaJoir^j 
to  that  of  the  organic  anhydrides  in  general,  that  is  to  say,  it  is  formed  by  the  tct^^ 
of  chloride  of  butyryl  on  an  alkaline  batyrate. 


BUTYRIC  ETHERS. 

ftnatiD^  4  tita.  of  dir  hutyratc  of  aodium  with  1  {ila.  of  e 
onrhloridetwing  added  drop  by  drop  (oUie  bntjnt<t  ui 
aBbjdride.    The  t«aftioii  cnnsiata  of  tvo  itoges,  Ihs  fint 
ide  of  butjryl  uid  phoaph>(<  of  lodiBiii : 
3CH'N«0'  +  POCl*  -  SifVO*  +  JC^'OCa, 

le  formatioii  of  bntjnc  anhj'drida  bj  the  action  of  .thi 

of  butjtate  of  «odium.  When  the  reaction  u  comptte,  t 
lislilUte  ccdiitilled  over  bntjrute  of  aodium,  ia  order  to  M 

of  butjrjl.  The  di«tillat«  bom  thii  ii  Onall;  reclifitd,  t 
1  which  boil  at  190°  C ;  the  portiona  which  pane  otot  belon 
3d,  the  formation  of  which  cannot  well  be  arnded,  fran 

the  butjrale  of  BodinnL 

rdride  (p.  20),  butyric  aahjdridf  maj  be  prepared  bj  fh 
a  butjinte  of  aodiain.  Five  pta.  of  benzoic  chloride  are  i 
of  aoditun  in  a  retort,  and  oiatilled,  and  the  diatillate  r 
of  (odiam,  and  then  alon& 

ide  ii  a  colonrlesa,  reiy  mobile,  and  buhly  refracting 
78  at  IS'S''  C.    Its  odour  ii  rtiy  Btnmg.  but  not  dinsn 

hntjric  ether  than  butyric  add.  It  boiti  at  100°,  and  i 
land  1o  be  6'38.  Imposed  to  tbe  air,  it  grBdnaUr  at&acti 
ito  butyric  acid.  Fonred  into  water,  it  does  not  diasolra  L 
he  (orikee  aa  a  eolourieia  oiL  Id  eoutael  with  Miiliae, 
bnljranilide  (phenylbntyramide) : 
i)K>  -.  2(N.H'.)?H')  -  2(H,H.CH'.CrH'0)  +  ffO, 
r^XRS.  Theae  compoonda  are  fbimed  bom  bn^rie  ■ 
L  of  an  oigaoie  radicle,  loch  as  ethyl,  methyl,  &«.  fbr  I 
9  for  tha  moat  part  formed  by  the  direct  action  of  buty: 

UlTI.  CWO"  -  CH'[(?H')0'.— Obtained  try  dirtilUa 
de  of  aUyl.  AiUr  rectiflcatioo,  it  is  ■  colourieaa  oilT  liqi 
le  in  ether,  amelluiE  hke  bn^mtfl  of  ethyl,  aod  boilin 
with  potaah,  it  yielda  all/l-alcohol  and  batyrst«  of 
ofmsDD,  Phil  Trana  1BG7,  p.  55B.) 
Lmti.  CH"0'  -  CH'(CH")0',  is  a  liqnid  boiling  i 
Ic  griTity  I|-Sd2  at  \6°,  Index  of  leAwction  —  1-402. 
iTsn.  Butyric  Etker.  (^Hi-C  -  CH'(CB')0'.— Tk 
by  the  setion  of  butyric  acid  oa  alcohol,  aulphnrie  add 

is  also  formed,  according  to  Berthelot,  by  distilling  a  i 
Br,  S  pta.  butyric  acid,  and  7  to  B  pts.  solphnric  add ;  b 
arge  qoantit^  of  free  botjric  acid.  To  prepare  it,  2  pts.  b 
IB  equal  weight  of  atrong  alcohol,  and  1  pt.  sulphnne  ad 
The  liquid  becomes  heated,  and  butyric  ether  iiiunediat< 
»  complele  the  tranaformation,  it  is  necessary  U>  heat  tl 

about  80°  C.    The  butyric  ether  ia  then  decanted,  shaken 

finally  with  addition  of  chalk  and  chkiride  of  caleinni, 
ilcium  and  digtilled, 

lyl  ia  a  tracspsrent,  colonrleas.  Tcry  thin  liqaid,  of  sjieei 
t  110°  C,  under  a  pressure  of  0'74Sfi  mm.  Vapour^^Mi 
Die  odonr,  like  that  of  pine-spplee,  ud  a  SWMtish  taste, ' 

very  sparingly  soluble  in  water,  but  dissolves  in  all  pnn 
lei.    It  is  slowly  decomposed  by  potash,  into  bntyiate  of 

e  of  small  qnantitiesof  butyric  ether,  the  peculiar  flavoi 
d  some  other  fraita,  ia  due.  Its  formation  in  the  fruit  : 
an.  from  the  readiness  with  which  the  saceharine  matti 
land,  into  lactic  and  butyric  adda,  and  on  the  other,  in 
d  nun,  known  aa  pine-apple  nun.  owea  iU  flavouF  to  th 
'hen  freshly  distilled  from  moUsses,  ram  has  bnl  little  t 
1  keeping,  owing  to  tha  fact  that  a  amall  quantity  of  b 
"adoally  combines  with  the  alcohol  to  form  ether, 
lutyric  ether  ia  very  eileoBirely  need  in  perftunerj.  and 


it  pine-apple  oil    It  is  prepared  for  this  pnrposa 

'"    '  '  '     ig  Bolution  of  potash-ley; 

D  tiie  solution  ia  addad  a 


I 


696  BUTTEINS. 

alcohol  and  sulphuric  acid,  unt3  a  strongly  acid  reaction  w  set  xm.     Thi^  whole  is  tt^en 
distilled,  heat  being  applied  as  long  as  anything  comes  orer  with  a  fruity  odoor. 

BuTTRATE  OF  Ethtlbnb,   C'»H»0*   «  ^^OT*)"!  ^*  "  obtained  by  heating  l^r- 

mide  of  ethylene  for  sereral  days  to  100®  C.  with  butyrate  of  silrer  and  a  littl*-  fr»* 
butyric  acid,  exhausting  the  product  with  ether,  and  distilling  fractiooaUy : 

2(C*H'O.Ag.O)  +  C«H<Bi«  -  2AgBr  +  (C*B.'0)\(CK*f.O*. 

It  is  a  colourless  liquid,  of  specific  gravity  1*024  at  0^  C. ;  smells  like  butyric  ftcid,  osd 
boils  at  239°  to  241o  C.    (A.  Wurtz,  Amu  Ch.  Phys.  [3]  Iv.  400.) 

BUTTBATB   OF   GlTCBBTL.      See  BUTTBINS. 

BuTTBATB  OF  Methtl.     C»H»0«  »  C*H'(CH«)0«.  —  A  mixture  of  2  pts.  bu^Trw 
acid  with  1  pt.  of  wood-spirit  and  1  pt,  of  strong  sulphuric  acid,  becomes  hejited  and 
j  separates  into  two  layers,  the  upper  of  which  is  butyrate  of  methyL     In  order  t^  at 

the  transformation  may  be  complete,  it  is  well  to  agitate  the  mixture,  anderen  to  main* 
tain  it  for  some  time  at  a  temperature  of  from  60° — 80°  C,  The  product  is  pcrAsd 
like  the  etliyl-corapound. 

Butyrate  of  methyl  is  a  transparent  colourless  liquid  of  specific  pnirity  KriJj. 
Boils  at  102°  C.     Specific  heat  is  049 18.     Latent  heat  of  vapour,  87-33.      Vafo^ 
1  density,  3 '52.      It  has  a  pleasant  odour,  somewhat  resembling  that  of  pine-&ii>^>U%. 

i  It  is  scarcely  soluble  in  water,  but  perfectly  soluble  in  alcohol  and  in  ether.     £.  A. 

\  MUTXRXDTH,    This  name  was  given  by  Berthelot  to  a  compound  formed  frrz 

*  butyric  acid   and  glycerin,   to  which   he   at  first  assigned  tlie  formula    C'*H^O* 

\  (=  2C*H»0«  +  2C'H*0«  -  8H«0),  but  which  he  afterwards  found  to    be  idenbcj 

■*  with  dibutyrin  (p.  695). 

j  I  BUTTSZV8.  (Berthelot,  Ann.  Ch.  Phys.  [3]  xll  281.)— By  the  direct  actian  of 

j  butyric  acid  on  glycerin,  a  series  of  compounds  analogous  to  the  acetins  is  obtduifU. 

J  They  are  monobuti/rin,  C'H"0\  dibutyrin,  C"H»0»,  and  tHbiUyrin,  C^H^O*.    Tb^y 

P  contain  the  elements  of  glycerin  and  butyric  acid,  minus  those  of  water.     Tbfsir  tam^ 

^  tion  may  be  thus  expressed : 

C*H»0»  +      C«HK>«  -  HH>    -  (rH»*0* 

^'    ^  Glycerin.  Butjric  Mono- 

acid.  butTriou 

C»H«0»  +  2(C*H»0«)  -  2HH)  -  C"H»0» 

Glycerin.  Butrrlc  Dibutyrin. 

acid. 

*  C^«C»  -   3(C*H-0»)  -  ZUH)  =  C'»H»0« 

Glycerio.  Butyric  Tributyiln. 

actd. 

Viewing  glycerin  as  a  triatomic  alcohol,  we  may  consider  the  butyrixu  as  glycera 

j^,  >  0*,  in  which  1,  2,  or  3  at  of  hydrogen  are  replaced  by  the  radicle  butyryl, 

\  C*H'0. 

The  butyrins  are  decomposed  by  alkalis,  and  also  by  the  alkaline  earths,  baryta  zr.i 
lime,  with  formation  of  a  butyrate  and  elimination  of  glycerin.  Dissolved  in  alci^lsl 
and  treated  with  hydrochloric  acid,  they  yield  butyric  etner  and  glycerin. 

MoKOBUTTHiN,  C'H'*0*  =»  H'>0*. — Thifl  body  is  formed,  but  only  in  sm&D 

C*H'0) 
proportions,  by  exposing  a  mixture  of  butyric  acid  with  excess  <i^  glycerin,  ie>  the 
action  of  the  sun  or  of  diffused  daylight  for  several  months.  It  is  also  ohtainrd  W 
heating  butyric  acid  with  glycerin  to  a  temperature  of  200°  C.  for  three  hour?,  ca^np 
being  taken  not  to  exceed  this  temperature.  It  is  a  colourless,  neutral,  odorifrma?, 
oily  liquid,  having  an  aromatic  and  bitter  taste,  without  any  aft^^r-taxte.  At  -40°(.\ 
it  remains  liquid,  and  as  mobile  as  at  ordinary  temperatures.  It  rapidly  acidifies  wbfa 
exposed  to  the  air. 

(OH*)"*) 

DiBUTTBiN,  C"H'*0*  =  H>0".— Whenever  in  the  preparation   of  macxh 

(C*H'0)«) 
butyrin,  the  temperature  exceeds  220°  C,  some  dibutyrin  appears  to  be  formed,  but  it 
is  best  prepared  by  heating  s  mixture  of  glycerin  and  butyric  acid  to  276°  for  8*'vcr.\I 
hours.  It  is  a  colourless,  neutral,  oUy, odoriferous  liquid,  of  specific  gravity  TOil.  It 
volatilises  at  320°  without  perceptible  alterstion.  Cooled  down  to  —  40<^,  it  remajnt 
liquid,  but  its  fluidity  diminishes.  By  aqueous  ammonia,  it  ia  decomposed,  wixk 
formation  of  bntyramide^ 
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TYRITE  —  BUTTKOLAi 

IS  timn  iti  weight  of  batTTJe  add 
id,  witli  ui  odtmr  uidogirat  to  tli 
te,  with  imtktiBg  ■flertastc     It 

— A  bntjriB  which  ii  probablf  t 
,  iloDg  with  caproin,  taprin,  olfio, 
hen  rabituma.  Accordii^to  Fi 
^ificUllT  bj  geotlj  huting  a  mizti 
rie  add.  Cta  addnig  a  1^;*  oudI 
mnit  be  wished  with  water,  iD  wli 
I  atcohol  and  ether,  from  which 
Sapcniflial  bj  potash,  it  jtelda  glj 
taioed  pan,  and  ia  moot  ptobablj 

A  eomponod  formed  from  hntyri' 
Tin*  are  formed  from  butyric  ac 

ibed.  (Betthelat,  Compt.  rend. 
I  aomfltimes  applied  tO  bog-baUer 
lUTSBIV.  Bj  the  action  ol 
glyBerin,  a  prodnet  (flirt  obeerred 
alot  (Aan.  Ch.  Phjs.  H]  ili.  303 
nd  CH^CH'OICIK).  that  i»  to 
CHWO),  in  e«Ji  of  whieh  1  >t 
g  tbeie  two  compoonds  has  jet  b< 
I  AOZn.  Bromaia(AQii.Ch.i 
A  resembling  olric  acid  in  moat  i 
add  by  dry  distillation.  Biomei 
It  appean,  how«rer,  from  the  i 
rilh  oleic  arid,  and  exhibit*  the 
m  coDndenbly  altered  by  e ipoKm 
VOBXC  ACm.  See  Boo-BrTi 
(CHI 
nc  AOZS.     (7H"0<  -      CE 

add,  (C"H'0)".H".0',  bj  the  mbs 
yet  been  oblained  in  the  tm  el 
tained  its  tthyr-ta!l.  ^(yU<Oy.C•I 
b  an  alcoholic  tolation  of  hntj'nit' 
m  filtering  to  sepante  chloride  O 
dnm,  and  rectif jmg : 
H'.C].0  t  CH'O.K.0  -  KCl  + 

of  apedfle  gia-rity  1-024  at  0*C, 
1,  iiuolnble  in  water,  eoluble  in  ■ 
bnnation  and  mnatitatioa  of  thia 
It  lactic  add  i«  dibaaic,     (See  Lit 

(7H"0.— This  body  is  the  acelon 
nnologoua  with  acetic  acetone.  It 
radicle  ta  replaced  by  tritjl : 

CH'O)  C'mci 

H     i  I 

Butjnl.  Vutrm 


Ca'(C'H'0')»  =  Ca'CO'   f 

antitiM  am  decomposed,  the  rean] 
1  of  at  leaat  foni  sabstaDcea,  bntj 
>ae  ieriea.  The  bntyroae  is  obta 
d  which  boil  at  140° -145°  C.  an 
It  boiling  point  is  obtaiaed. 


BUTYRONE  —  BUTTETL. 

r!irn  pure,  is  a,  eolmiApM  limpid  liqaid.  lia<ring  a 
nsity  =  0-83.  It  boils  at  144'=  C  iind  its  vaponr-df 
ch  roTTp^ipnndB  to  two  Tolumes  for  the  formula  C 
of  wliil  rarbonic  iicicl  and  etlier.  it  soliilifir*  to  a  cry 
riittr.  but  quite  soluble  in  aJcahol.  It  burns  vith  a 
akra  il™  in  onntart  irith  chromic  acid.  It  ia  pn^ri 
ilh  formation  of  nitropropionio  acid,  CTI*(NO*;0', 
U  prob»l.ly  biitTrate  of  triljL  C'H'(CH=)0'. 
ith  ppntHcliloride  of  phoiphoroB,  butjrone  yipld«  s 
'1  t^nns  thlorobutr/ront.  It  is  a  eolourU'u  liqcid,  o 
■ratfr,  and  iriBoluble  therein.     It  boili  at  116°  C.     . 

rude  product  of  tbedistiUatlon  of  batyratc  of  calcium 
ig  points  maj  ht  Beparated  by  treating  the  crude  dif 
im,  In  remove  buljral  and  butyrone,  nnd  subjecting 
.1i><1ilLtion.  One  of  these  boib  at  180°C..  and  has 
I  the  formula  C'II"0'.  which  ia  (hatofmethvl-bnty 
unanthyl.CH'.C'H'^.  The  latter  view  of  i(«  com 
lat  it  yields  (enaQthic  acid  when  oiidis«d  by  nitric  ai 
t  221°  C,  and  ia  b  pule  yellow  liquid,  which  beiiomei 
s  C"H"0,  which  wnnld  corrcsi«>nd  to  let  ryl-butyl 
nanthjl  C'n*.C'II"0.     It  uppeura  to  yield  butyri 

(Linipricht,  Ana.  Ch.  Phanu.  criiL  183.) 
to  Friedel  (Ana.  Ch.Pharm.cviii  125),  the  crude  li 
'  hiityrate  of  calcium,  contains,  amnreat  other  prodn 
H'.C'H'O,  a  colourless  liquid  haring  a  biting  tajit* 
hutyrone.  specific  gravity  =  0'833  at  0=  C  and  v 
anmller  quantity  of  methyl-butyrjl,  eH'"0  =  C 
at  0°  C„  and  vapour-density  3-13. 
iirZTXXO  AOm.  This  name  has  been  applied  1 
ic  acid  on  butyrone. 


best  prepared  by  distilling  butjTate  of 
loephoric  acid : 

C<H"NO'  -  2H"0  .  CHTI. 


larent  colon  rle^  oil,  of  specific  gravity  0195  at  12( 
las  an  agrcealila  ammatie  odour  rcseniMing  that  of  \ 
bailing  potash,  with  etolution  of  ammonia  and  fore 

CHTf  +  KHO  +  m>  -  CH'KO*  t  NE". 


i  buttery  consistence  and  fusibility.     Other  chlondi 
eived  similar  names,  t.g,  Bulgrutn  tlanni.  Butt/nan 
rssxs.    Syn,  of  BuTYBiL-DBBa. 
[X.    C'H'O. — The  radicle  of  butyric  acid  and  ita  i 
muds  of  it  at«  known : 

de  of  butyryl CH' 

ideofbutyryl CH' 

;ofbutyiyl CIV 

de  of  butjTy!  (butyric  aldehyde)  .  .  ,  CH' 
othntj-rjl  (butyric  anhydride)  .  ,  .  (CH 
ite  of  bulyryl  (butyric  acid)  .         ,         .     CH' 

yl-propyl  (hutyrone)' CH' 

yl-orea  or  butyral-urea  ....     N'(C 

butyryl  has  likewise  been  applied  to  tb«  bydrocu 
he  radicle  of  butyric  acid. 

F  BvTTSTi,  C'H'O.Br.  is  produced bT  the  action  of  b 
7id  at  90"— 100°  C,  puriBed  by  washing  with  wt 

OF  BvTTBn,    CH'O.Cl. -This  body,  lite  its  k 


BUXDJE  —  BTTOWNITK 
b;  ths  Ktion  of  1  at  oijdiloTidfl  of  phoaphom  on  3  td.  ba^ 
•HTf»0'     +   POQ'  -   aCffOCl    +    N«'PO'. 

u^nuof         Oir'hlorM*        CklgiMiot  FbotDlHU 

toUyiB.  at  phoipberai.         butpjL  of  aodiim. 

nt«  is  gTsduillj  added  to  the  oxjehlonde  eontuned  in  ■  I 
de  weie  at  ODe«  poured  on  the  buljrate,  »  luge  quiuititj  of 
*oald  be  formecL     Tbe  mixlore  i>  distilled,  and  the  liquid 

muill  qiuntitj  of  butTrale  of  aodium,  the  tempenton  beini 
a  order  to  prerait  the  uihjdtaiia  acid  formed  daring  the  iw 
over  with  Uie  chloride. 
[7I  is  ft  colourlem,  mobile,  Btrooglj  Teftacting  liquid.  heaTiei 

■iightly  in  the  air.  Its  boiling  point  is  95".  It  has  a  pt 
rric  sod  hjdrochloric  acids.  It  iilmmeduitel;  decomposed  b; 
id  butyiic  acidi : 

CH'OCl  tSk)  ~  C'H'O'  +  HCL 


idiom  it  jields  chloride  of  sodiom  and  bntjiie  aohjrdrids : 

CH'OCl  +  C'H'NaO  -  NaCl  +  <?H"0'. 
islds  bntjmmde  and  hjdiocbloric  add : 

CH'OCl  +  NH'  -  CH'O^.N  +  HCL 
STL,  C'H'O.I,  prodaced  b;  distiiling  bntTrate  of  potaasinn 
us,  ii  a  biownuh  llqoid.  which  inelt«  in  eoDtut  with  the  ai 
andUSoC.     (Cahoors.)  B 

ISA,     See  CuBAMlDB. 

alkaloid  said  to  exist  in  all  parts  of  tbs  boz-tne  (fiitnu  « 
;  to  Fanrj  (J.  Phann.  iTi.  428)  it  is  obtained  as  an  n 
Niiling  tbs  squeona  solation  of  the  atcohoUe  eitimet  of  th 
lausting  the  resulting  precipitate  with  alcohol,  deeolorisin| 
d  ev^wnkting.  Acfivduif;  to  Conerbe  (J.  Flurm.  Juuair 
itaioed  in  the  crjetatline  form  hj  treating  the  sulphate  with 
dmized  rasin  is  destroyed  or  rendered  insoluble,  and  precipi 

ter  tastf  and  eirit«  sneeiiDg  ;  it  blu»  reddened  btmas-psf 
Ki!d  water;  dissolves  readily  in  alcohol,  sparingij  in  ether;  ini 
eoomposed  by  nitric  acid.  Its  salts  are  more  bitt«r  than  th 
geUtioaiti  precipitate  with  alkalis.    The  inlphate  ia  said  t 

[Tromm.  K.  J.  ur.  [2]  eS)  obtained  from  boi-le>ve«  a  rati 
irith  FaurA'a  buxine. 

A  name  uplied  to  the  fine  eapillaij  implanted  OTitals  o 
I  St  Oothard  and  in  the  Tj-roL 

nu>  The  bundle  of  threads  bj  whifh  the  oonuaoB  : 
hem  to  other  bodies,  coosista,  acconliiig  to  Saharling  (Ai 
a  mass  resembling  homy  tissue,  containing  a  small  quantity 
ine  (J.  Chem.  mid.  ziL  121)  it  contains  tha  salts  which  oc 


fesL    The 


9-S.  Specific  gravity  a-BO  (Tbon 
.  has  a  greenish-wbite  colour  and  Titreoos  lostrB,  pearly  1 
Traiifllucent.  Acoording  to  Thomson  (J,  pr.  Chem.  riiL  i 
cent  silica,  29'6£  alumina,  9-06  lime,  T'6  soib,  S'AT  ferrous 
LCeitappean  to  be  a  variety  of  banowite  (p.  £17),  the  alnmini 
ferric  oxide  and  tbe  lime  by  soda.  T.  H.  Hunt  (SilL  Am. 
aa  a  varietv  of  snoithite.  A  dark  blnish-graen  gruiolar  n 
I.  Canada,  which  has  been  called  Bytownita,  ia  Conaidend 
mixture  of  bytowait«  and  hornblende. 
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:achalagua — cacotbeline. 

j1«doiu,  die  prolonged  applieation  of  heat  ind  moutam  n  n 
BDti.  Flate-oocoa  a  laerelj  the  eeed*  enuhod  between  rolli 
le  bewu,  tRer  being  csninlly  picked,  to  Irce  them  from  m( 
gcQtly  malted  CFcer  ■  flic  in  ui  iron  cj-lindcr,  with  hi^ 
Co  eicape.  When  the  iromk  begina  to  be  well  darelo 
iplf  U.  The  beHDi  are  then  tumHl  out,  cooled,  and  bt 
ning  and  lifting.    The  buski,  which  often  amount  to  20  oi 

■haold  not  be  tiirown  awa;,  aa  tliej  mntaln  half  their  w 
nooa  matter,  whiih  jields  a  tolerable  nntriinent.     The  a 

a  paste,  either  bj^dturetion  in  a  mortar  heated  to  130°  F,, 
liine  impelled  by  steam,  and  the  paatc  ia  put  into  moolda  i 
.  alwaji  improTea  b;  keeping.  SoiDetimeg  the  beani,  befoi 
rot  or  ferment  in  hespii,  in  order  to  aepamte  the  keruela  fl 
ch  eniTOonds  them  in  the  frail. 

diffeicQt  countries  variei  according  to  ha  mode  of  prepant 
tained  In  it.  When  the  kemeta  alone  are  naed,  or  only  a  litl 
te  ii  called  "  Chocolat  de  aanti"  Bat  vanilla,  cloYe^  di 
a,  are  frn^nentlj  added;  alio  lice,  almonda,  starch,  &e. 
preferred  in  thia  country,  the  perfumed  aorta  in  France,  It 
luampfion  it  ImmenM.  (See  Vrt't  Liclionary  of  ArU,  ti 
. ;  also  Fenns  Cyclopadia,  art  TtooBBOtu.) 
Vatao-fat,  is  extracted  from  the  beansbyponnding  them  in  a 
they  are  reduced  to  a  pulp,  then  adding  a  Bmall  quanti^  o 
Iiulp  in  a  cloth  between  two  plates  of  metal  preTloiuly  heate 
!ing  water.  It  has  an  agreeable  taste  and  odour,  ia  whit 
3le  in  water,  noluble.  especially  with  aid  of  heat,  in  alcoho 
ie.  It  hu  the  coDsisteuee  of  suet,  melta  at  30°  C,  bat  < 
late  till  cooled  to  23°.  It  o^niiata  chiefly  of  stearin,  will 
nore  in  France  than  in  this  country,  for  making  soap,  cant 
)Hp  made  from  it  niant  not  be  confounded  with  that  ma 
li  u  a  Tery  different  product,  obtained  from  the  cocoa  pall 

I  colonting  matlM'  of  CHcao-beans.  .  It  is  sepBratod  by  prec 
ibolic  decoction  of  the  beane  with  acetate  of  lead,  and  deco 
Ltate  with  sulphnretted  hydrogen.  The  aolulion  tboa  ob 
ir  taate,  and  yields  lilac  or  greyisb  precipitates  with  acetab 
if  tin  ;  dark  green,  or  brown-green,  with  ferric  salts ;  and 
sometima  violet  with  ferrous  salts ;  the  colour  of  the  pr 
,  aoeording  aa  the  cacao'red  in  tbe  solntioD  is  mora  or  la 

acao-red  abaorba  oxygen  durJDB  nraporatiop,  and  beeomea  : 

ing  in  faetconTcrted  into  a  kindof  tannic  Bcii   TUimodifll 

noat  part,  green  predpitatea  with  iron  and  lead  salts;  thati 

cao,  gives  pale  reddish  precipitatea  with  acetate  of  lead  i 

i-wbite  with  eulphate  of  magneaium 

whereas  unaltered  cacao-red  is  not. 

ndaeed  far  the  roasting  of  eacao-beui*,  appear*  to  aSlKt  tt 

of  the  other  constitsenta. 

FA,  or  tIAXIIKA  LAAVA,  is  the  Scoth  American  nan 

a  gentianaceoDB  plant,  which,  according  to  Bley  (Aieh 
IS  resin  and  a  bitter  principle. 
L     A  variety  at  Opu.  {q,  v.) 

nno,  or  CACKITTXa  AO^B,     Set  CLXttmn. 
'irm  Ajuamnma  or  Mbthti,  (p.  iOS), 
ttm.    C"H"N'0'-C"H»(N0')WO'.— AprodnotoftheJ 

nitric  acid  (p.  682).  It  partly  separatea  in  oranoe-yeltow  et 
Lon  has  ceased,  and  an  additional  qoantitj  may  De  obtaioei) 
qnor  with  akoboL  From  a  aolution  in  watsr  atnmgly  addola 
rates  in  yellow  acaleo.  It  is  but  vary  imaringly  lolable  ii 
Mailing  alcohol,  and  insolnble  in  ether,  ^len  heated,  it  del 
nnner  chaiacteriatic  of  nitro-oompoonds^  Exposed  to  iiS\i 
le,  it  soon  becomes  dark  btowu  on  the  surface.  Potash  dii 
Dllowish-brown  liquid.  Ammonia  diiaolrea  it  immediately, 
lich  on  boiling  changes  first  to  green,  aitsrwiirdB  to  brown 
I  metallic  oud« :  wilb  baryta,  it  forma  a  soluble  compon 
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tainicg  2C**H"N*0*.Ba"0.  It  combines  also  with  acids,  but  the  aaltf  are  'ier-.so- 
posed  by  water.  When  tetrachloride  of  platinum  is  added  to  a  solution  of  c»o:»th»ii5^ 
in  hydrochloric  acid,  the  liquid,  after  a  few  hours,  yields  a  cr)'stalline  prwpitat*  ^la- 
taining  48  per  cent,  platinum  «  2(C^H«N*0».HCI).PtCl*. 

When  cacothelme  in  left  for  some  hours  in  the  red  nitric  solution  in  wlLcii  il  'wi 
been  formed,  it  changes  into  anotiier  body,  which  has  the  colour  of  chrome-\»lJ>  w.  j 
insoluble  in  water,  and  explodes  when  heated.     (Strecker,  Compt.  rend,  xxxix.  jL, 

OACOXSmL  A  native  ferric  pho<«phate,  found  in  the  Hrbeck  mine,  lusr 
Zbiron  in  Bohemia,  in  radiated  tufts  of  yellow  or  brownish-yellow  coloar,  r»=i^T.  _j 
brown  on  exposure.  Specitic  gravity  ««  3'38.  Hardness  «  3 — 4.  Of  the  t«  L'.Ti  ^ 
analyses,  a  and  b  are  by  von  Hauer  (Jahrb.  geolog.  Keichsanst.  ISo-lt,  67j;  e  t 
Bichardson  (Thomson's  Mineralogy,  L  476): 

I»0»  F«»0«  H»0  Cb^O  Mg'O  SiO» 

a     .        .    19-63  47-64  32-73  —  —  —  =  mo 

b     .        .    25-74  41-46  82-83  —  —  —  =  luO 

0      .        .    20-6  43-1  30-2  M  09  2-1  «    ^79 

a  and  c  agree  nearly  with  the  formula  2Fe*0»J«0*+  12  aq.,  or  ye"0.(/e')*VK>*  ^  12  x;. 
The  analysis  A,  which,  however,  is  said  by  von  Hauer  to  have  been  made  with  less  f^ue 
material,  approaches  more  nearly  to  3FeO'.2F-0*'f  20  aq.  Former  aii&l\»^=  Ij 
Steinmann,  which  showed  10 — 11  per  cent,  alumina,  were  doubtle§8  made  with  in-jurr 
specimens.     (Rammelsberg's  Mineralchemie,  p.  331.) 

CACTITB.  Vogel  obtained  from  the  flowers  of  Cactus  ^p^riosu*,  by  txin^i  :3 
with  weak  alcohol,  30  per  cent,  of  a  carmine-red  dye,  insoluble  in  etber  an<i  il  ^j^ 
selute  alcohol.  The  petals,  after  the  removal  of  this  substance,  yielded  to  a  ruiifjn: 
of  alcohol  and  ether,  from  5  to  10  per  cent,  of  a  scarlet  substance.  JBoth  tae»e  o.i«  j-- 
ing  matters  are  soluble  in  water.     (J,  Pharm.  xxii.  664.) 

F.  Field  (Chem.  80c.  Qu.  J.  iii.  57)  has  analysed  the  ash  of  a  species  of  cartua  1  ..-• 
named)  growing  in  Chill  The  fresh  plant  yielded  1*35,  the  dry  plant  16-7y  per  r.  i.t. 
of  ash,  contiiinini?  in  100  pis.  57*15  pta.  of  soluble  and  42*73  of  insoluble  aalta.  Tlf 
air-dried  plant  yielded  85-09  per  cent  water.  The  composition  of  the  a«<h  p.T  «•--  • 
is:  7-83  K^O,  2819  NaK),  1065  Ca'O,  775  Mg"0,  0  34  Mn-0',  6  09  SO'.  \6^9>:<^. 
«-40  P^O*,  1'38  phosphates  of  calcium,  magnesium,  and  iron,  and  14'87  Nal't 

CABBT'fl  nraCZVO  &XQUZ]>.     See  Absenides  of  MhrrHTL  (p.  403). 

CABZB-OITM.  A  very  pure  kind  of  gjimboge,  probably  from  Hcbrad^ndry^t  .-.mi. 
hogiiMe^. 

CADMIUM.  SyinhdQA.  Atmnic  weight  112.  Atomic  volume  in  th«  g^i«eo« 
■tate  s  1. 

This  metal  is  frequently  found  associate!  with  zinc,  and  derives  ita  name  fr\  ro  '^i- 
mia  fo8silii(,  a  denomination  by  which  the  common  ore  of  zinc  was  formerly  kii-.  "r-;. 
It  appears  to  have  been  dwcovered  about  the  same  time  (1818)  by  Stroiueyer  mj*. 
Ann.  Ix.  103)  and  by  Hermann  {ibid.  lix.  95,  113;  Ixvi  274),  bat  it»  more  ei-*. 
investigation  is  due  to  Stromeyer. 

Cadmium  occurs  in  small  quantity  in  several  varieties  of  native  snlphide,  c^»r^■^p-♦^ 
and  silicate  of  tine,  viz.  in  the  radiate<l  blende  of  Przibram  in  Hungary,  to  the  at>  i:* 
of  '2  or  3  per  cent.;  in  the  blende  of  NuLssiere,  to  the  amount  of  1-14  per  .-r^t. . 
in  silicate  of  zinc  from  Freiberg  and  from  Derbysliire ;  in  carbonate  of  zii.c  ir  c 
Meudip;  in  carbonate  and  silicate  of  zinc  from  the  Cumberland  mines;  in  thenar 
ores  of  the  Harz  and  of  Silesia.  The  zinc  flowers  obtained  as  a  secondary  pro  lu*t  .a 
the  smelting  of  the  Silesian  ores,  contain,  according  to  Hermann,  as  much  af^  11  :•? 
cent,  of  cadmium.  Commercial  English  zinc  frequently  also  contains  cadmium.  Tp- 
only  pure  native  compound  of  cadmium  is  the  sulphide  called  Greenockitr,  founi  C 
Bis  hops  town  in  Renfrewshire. 

Prfparation.— la  the  process  of  reducing  ores  of  zinc,  th^  cadmium  which  f\  v 
contain  comes  over  among  the  first  products  of  distillation,  owing  to  it**  irr»»afpr  t.  .:• 
tiiity.  It  may  be  separated  from  zinc  in  an  acid  solution  by  sulphydric  acid,  * »».  H 
throws  down  the  cadmium  as  a  yellow  snlphide.  This  sulphide  disiolvf^  in  c^rr-z- 
trated  hydrochloric  acid,  affording  the  chloride  of  cadmium,  from  which  tlie  car  i.«!:  :- 
may  be  precipitated  by  an  excess  of  carbonate  of  ammonia.  Carbonate  of  ca^inuTiit  j 
converted  by  ignition  into  the  oxide;  and  the  latter  yields  themetAl  when  mn^dira 
one-tenth  of  its  weight  of  pounded  coal,  and  distilled  in  a  glass  or  porcelain  xvU'%  4X 
a  low  red  heat. 

Pra/x?r^i>».  — Ca«lmium  is  a  white  metal,  witJi  a  slight  tinge  of  blae.  It  W-  * 
etrong  lustre,  and  takes  a  fine  polish;  by  exposure  to  the  air,  it  gradoa'ly  acpiL'*-"  • 
whitisii-grey  tarnish.  It  has  a  compact  texture  and  fibn>u«  fracture,  and  e.i*jii>  crp- 
taiiises  in  regular  octahedrons.     It  is  soft,  though  harder  and  more  tenaaoiis  'hi2 
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jid  encklM  like  tin  whea  beatj  vtrj  msllwbla  and  dnctili 
tltT  fusion,  8'S04,  afUr  haniniering.  B'6944.  Specific  heat,  0 
e  (DuloDg  and  Petit).  Cadniium  meltj  below  a  nd  hui 
t  b«low  the  boiling  point  of  mercurj  vithont  omitling  an 
densit<r  of  ita  Tapuiir  aa  determined  by  axperiment  at  IMO 
r  as  unitj  (Derills  and  Trooet,  Ann.  Ch.  Fbann.  eiii 
Talae  for  a  eondeauljon  to  1  vol.  ia  found  bj  multiplyi 
.e  dnuitj  of  hydrogen  -  112  ■  00693  -  7-76.  Hence  cad 
»ption  to  tha  aaual  law  of  condeniation  (p.  441). 
H  in  hot  hydrochloric  or  dilate  eulphurjc  acid,  taking  the  pi 

rganie  rntta  of  admium,  the  acetate  for  eiample,  are  aolu 
'.  the  carbonate,  borate,  phnaphate,  aod  anenate,  are  ineolu 
ined  by  precipitatian.  Moat  cadmiDm-ealtJ  are  colourlvea 
I  metallie  taste  and  act  aa  emetia.  The  solntiona,  eTeo 
a  litmns.  Those  cadmium-salta  which  are  insoluble  in  wat 
,  hydrochloric,  or  nitric  acid,  also  in  ammoniacal  aalU. 
rlj  all  its  componndi  with  e lectio- neeatire  elementa,  playa  tli 
9,  the  chloride  being  Gd"Cl*,  lite  oxide  Cd'O,  &c 
XXMWB  OT.  But  few  allOTB  of  cadminm  sra  known.  H 
HJ  heat  82*3  pta.  cadmium,  forming  an  alloy  having  neac 

It  is  very  brittle,  has  a  flne-grained  (caly  structure, 
lur.  With  mercury,  cadmium  forma  a  hard,  brittle,  ailver 
fstalliaea  in  octahediona,  and  conCaias  21'7  per  cent,  csi 
.platinum  ntaiu  at  a  red  heat  117*3  pu.  cadmium  —  Cd'Ft 
^whit4,  vary  brittle,  ver^  fine.grained,  aud  refractotj  jn  tl 

XOSmw  or.    CdBi*.— Cadmium  abwirba  bromine-va; 

forming  whits  fumes  of  the  bromide,  which  cryat&lliaea  oi 
ngly  heated  sublimes  in  whits  uacrsoui  lamia«.  The  iy 
,  obtained  by  diaeolving  Ibe  oiide  or  carbonala  in  hydrol 
loKMedt  needlee,  which  give  off  half  their  water  at  IW  i 
aiing,  at  ■100". 

iuB  forma  crystalline  compounds  with  tha  bromidea  of  pota 
D.  The  barium-Mlt,  CdBr'.BaBr*  *  4aq.,  forma  large,  si 
iaomonihoui  with  the  eonecpDading  chloride.  A  aolution 
n  aad  potaatium  \a  equivalent  proportiona  Snt  yielda  ci 
Br  +  iaq.,  afterwards  crystals  of  CdBr*.2KBr;  bolb  com] 
ipondiug  double  chloridea  (C.  v.  Hauer,  J.  pr.  Chem,  liiv 
tion  of  sijuiTalent  quautities  of  bromide  of  cadmium  and  bi 
im  compound  CdBr'.NaBr  +  |aq.  in  small,  ihining,  ni 
lem.  Qaz.  186S,  p.  1:21.) 

XKOXZSa  or.  CdCI*.— A  aoktiOD  of  oxide  of  Cadmi 
gida  a  cryatalline  hydrated  chloride,  CdCl'.SH'O ;  and  thii 
hydrous  chloride  in  the  form  of  a  liansparent,  laminated, 
.t  a  heat  below  redneaa,  and  sublinea  ol  a  hightr  tempeist 
us  laminc. 

Liride  of  cadmiom  mixed  with  eiceea  of  ammonia  jielda,  by 
1.  dianmonioclUoHde  of  eadmium,  2NH'.Cda<,  or  tUot 
'H'Cd")Cl',— A  kexa-mmonio-ddoridt  of  carfmium,  BNH'.Cd 
ig  dry  pulveriaed  chloride  of  cadmium  to  the  action  of  g 
I  off  {  of  ita  ammonia  when  eipoacd  to  the  air,  and  is  con 
omponnd.  (Craft,  Phil.  Hag.  [3]  ixi.  355.) 
ium  fonna  erjstalliue  compounds  with  the  chloridea  of  manj 
iponnda,  which  have  been  particularly  studied  by  C,  v.  I 
t77  ;  I»»ii.  169  ;  Jahreaber.  1  Ohem.  1855,  p.  3B2  ;  18S6,  f 
iii,  250),  crystalliae  by  evaporation  ^m  mixed  eolatioDB 
t.     The  following  have  been  obtained  : 

loif.  2NH'CLCdCl'  +  acg.,  cryatallisea  in  alender  nesdlet 
I  by  gpontanaona  evaporation  tianaparent  shining  rhombuh 


kj  needlea,  which  give  off  their  water  at  100°  C,  and  al 
i&  give  off  part  of  Uieir  chlorine.    The  mother-liquor,  or  a  •■ 
ioride  of  potaMJnm  to  I  at.  cblorid«  of  cadmi  nm,  yielda  by 
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tAneouB  evaporation,  the  salt  4KCLCdCP,  in  i&rge  limpid  cryBtj^is.  wouh-^YaI  )«ii  ^) 
soluble  than  the  preceding. 

S(>dium-mLt.  2NaCl.CdCl'  +  8aq.  (air-dried). — Small,  turbid,  watery  cnrjij, 
which  give  off  1  at,  water  at  100®  C,  and  the  remainder  at  160^—160^. 

Barium'Salt.  BaCl^CdCl'  +  4aq. — Separates  from  a  solution  of  equivnlent  qa^v 
tities  of  the  two  chlorides,  in  large  shining  crystals,  which  are  permancni  in  ih<.,  ^ 
lose  half  their  water  at  100°  C,  the  rest  at  160°,  and  at  a  red  he;it  j^ve  o5  pir  ,/ 
their  chlorine,  and  melt  to  a  colourless  liquid,  which  does  not  cry^'tMlliMe.  i^i^ixrlinj^j 
Kammelsberg's  determination,  the  cryst-ils  are  monoclmic,  the  oliliqiwly  iiKlir>.-.^  ^i^, 
naking  an  angle  of  76°  45'.  Katio  of  the  clinodiagonal,  urthodi:igonal.  n'.vi  pn 
axe8  =  0  8406  :  1  :  0-6128.  Observed  faces,  ooP  .  ooPod  .  (oo  P  »)  .  +  P.-P 
(2Poo).  Inclination  of  faces,  Qo  P :  ao  Poo  =  140°  60';  ooP:  0P=  101°  0:  OP  :  +  t, 
137°  40'. 

Str<yrUium-mlt.  SrCl*.2CdCl*  +  7aq. — Crystallises  from  a  solntion  ot"  1  to  2  c. 
chloride  of  cadmium  and  1  at.  chloride  of  strontium  in  transpanfut,  ct>l'-ttV.:>, 
acuminated  crystals. 

Calcium'Salts. — A  solution  of  3  at.  chloride  of  calcium  to  4  at.  chloride  of  pij^jltji 
deposits  the  wilt  CaCR2CdCl*  +  7aq.  in  deliquescent  bevelled  prisms,  jirrr.'iv'nj  ] 
stellate  groups.  A  hot  concentrated  solution  of  2  at.  chloride  of  cadmium  im  i  j^ 
chloride  of  calcium  deposits,  on  cooling,  large  deliquescent  crystals  of  the  nah  ii\0 
CdCl^  +  2aq. 

Magnemtm'Salts. — A  solution  of  1  to  2  at.  chloride  of  cadmium  to  1  at.  ch! "'..i^r; 
magnesium  yields  MgCl*.2CdCl*  +  12aq.  in  lai^e  transparent  rrv'5»uN.  Yt'tl  \ 
solution  of  2  at.  chloride  of  magnesium  to  1  at.  chloride  of  Ciuimium,  the  salt  'i)!i^'.. 
CdCl*  +  24a q.  separates  in  deliquescent  tabular  crystals. 

Manganoie-mll.  MnCr-^.dCdCr-  +  12aq. — Crystallines  from  a  solution  of  2  at  ci>  u-ji 
of  cadmium  and  1  at.  chloride  of  manganese,  in  pale  rose-red  or  colourless  prbtu. 

Iron-salt.  FeCr''.2CdCl*  +  12aq. — CrystiiUises  from  a  solution  of  equiv.ilenT  qu^v 
tities  of  tlie  two  chlorides,  in  colourless  prisms,  which  soon  turn  green  and  yeiluw  ^j 
exposure  to  the  air. 

CohaU-salt.  CoCl*.2CdCl'  +  12aq. — Somewhat  deliquescent  prisms,  of  the  cn!"tr 
of  chloride  of  cobalt. 

Nickel-salts.  NiClViCdCl*  +  12aq. — Cryeta llises  by  spontaneous  evapoTAtioafn. -21 
solution  containing  the  two  salts  in  the  required  proportions,  in  dark  grw^n  ?-5v^4 
and  the  mother-liquor,  or  the  original  solution,  if  it  contains  a  slight  excess  of  d.J'  ri* 
of  nickel,  yields  2NiCP.CdCl*  +  12aq.  in  large,  dark  green,  rhombic  jTifcois. 

€opper-»alt.  CuCP.CdCl'  +  4aq. — Crystallises  from  a  solution  coQtaiuin^  c^.- 
ralent  quantities,  in  slender  shining  prisms,  grouped  in  tuflfi,  green  when  i&oi5t,  \l.j. 
when  dry. 

Chloride  of  cadmium  forms  double  salts  with  the  hydrochlorates  of  many  tirprk 
bases.  Greville  Williams  (Chem.  Ga£.  1855,  450)  obtained  the  chw^jftf^.:, 
C^H'N.HCl.CdCl',  as  a  hard  crystalline  mass;  and  other  compounds  hau  taeo 
obtained  by  J.  Galletly  (Ed.  N.  Phil.  J.  iv.  94),  viz. : 

anchonine-salt.     2(C«»H"N20.HCl).CdCl«  +  aq. 

2(C';H''NO».HCl).7CdCl«  +  4aq.,  and  C"H»NO«^Cl.Cda» 
Semi -crystalline,  sparingly  soluble  mass. 
2(C'»H'**N«.2HCl).5CdCl».    Crystallisable. 
2(C'H'»N.HCl).3CdCl«.     Very  soluble  f»^thery  crystals. 
2(C«*H««N-0*.2Ha).9CdCl«  -f  6aq.     Straw-yeUow  ne«dlw. 
2(C^'H«N«0».HCl).CdCl«.     Sparingly  »)luble  in  water. 
4(C'H«N.HCl).3CdCl«  +  2aq.     Verj-  soluble  scales. 


Morphine-salts, 

NarcoUne-salt, 

Hicittine-saJt, 

Lvtidine-salt. 

Pijjerine-iolt. 

Strychnine-salt. 

To/uuJine-salt. 


+  H 


OABMXVM,  DaXBCTXOir  AM1>  BSrZBCaTXOlT  03P.  ].  B'-y^nh"  K>- 
actions. — Ail  cadraiura-cora pounds,  when  heated  on  charcoal  in  the  inner  blo^iT* 
flame  with  carbonate  of  sodium  or  cyanide  of  potassiuna,  give  a  brown  iDmi«t'*  ^ 
of  cadmic  oxide.  A  little  cadmium,  in  presence  of  zinc,  may  be  detertcd  by  br:'r: 
the  mixture  with  carbonate  of  sodium  for  an  instant  in  the  inner  flame,  whw  \  »wV-i 
incrast;ition  of  eadmic  oxide  will  be  formed.  Much  longer  heating  is  required  Hx-^ 
formation  of  zinc-oxide.  With  Ixtrax  and  microcosmic  salty  cadmic  oxide  fornis  1  Iv^i 
which  is  yellowish  while  hot,  colourless  when  cooL 

2.  Liquid  Reactions. — Zinc  immersed  in  a  solution  of  s  cadmic  salt,  throTsd'.wi 
metallic  cadmium  in  dendrites.  Sulphf/dric  acid  gas^  passed  througb  «dni3' 
solutions,  even  when  a  large  excess  <rf  acid  is  present,  precipitate^  the  whole  of  lid 
cadmium  in  the  form  of  sulphide,  which  has  a  lemon-yellow  colour  at  first,  Kut  af.«- 
wards  becomes  orange-yellow.  A  similar  effect  is  produced  by  alkaliw  suiph-fir^i 
the  precipitate  being  insoluble  in  excess.  The  hy<&ated  sulphides  of  nunfriiitv';',  n^i. 
oobfldt,  and  nickel,  when  recently  precipitated,  likewise  Ihrow  down  suipliMitrof  c^ 
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CADMIUM:  ESTIMATION —IODIDE. 

nic  mIU  (Antban,  3.  pr.  Chem.  i.  363).  Caiufic  aikalu  th: 
f  cwlminm,  VBiy  eastlj  soluble  in  a  sligiit  exttea  ot  ammojii 
ti  or  Bodii.  Sulphjdrie  itcid  lik«vue  precipitates  Bulphicle  of 
u  in  ezceoB  of  uiuaaiii&.  Tha  neutral  ud  acid  earbonaUa  i 
1,  nod  tadiam  throv  down  white  cojboiute  of  cudmium,  iai 
luJiua  cubonatfB.  If  ths  nilt  contiiiiis  %  Urge  qtiantitj  of  I 
lissolTea  in  eicem  of  airbou&te  of  ■mmonlii,  bnt  not  otberwii 
okati  "/  todiuiK  throm  down  while  phonphate  of  radmium. 
t  oxalaUt  precipitate  white  oulute  of  cadmium,  inBolnbls  ii 
a\ly  Kilnble  in  ammoDia.  The  white  pi^cipitate  produced  1 
ttitm,  lad  thB  jeUow  prreipitate  produced  bj  the  ferricya 
■ochloric  add.  The  addidoa  of  hypoanlphite  of  sodium  an 
«  not  prodace  a  precipitate  of  sulpoid?  of  cadmium;  neithi 
ucfd  by  chromic  acid,  luednie  aidd,  alkaliue  benioatn,  or  ti 

he  otij  metal  whidi  tarajt  a  jsllow  nlpbids  inaolDble  in  su 

:(i'vc  Etiimatiatt. —  Cadmium  ii  be«t  pnwipitated  from  its 
sodium :  it  ii  thereby  obuioed  as  a  orbanate,  which,  by  igniti 
I  containing  87'S  per  cent  of  the  metaL 
on  from  cthrr  Elenenli. — From  the  metals  of  the  second  a 
lall  Don-mcCallicelemeati  except  eeleniom  and  tellurium,  cadn 
Bulphorellwl  hydrogen  ;  from  ifienium.  trtlnriuni,  and  the 


inate  of  lodium.  a*  abore. 
,  Irad,  and  mrrcHry,  cadmiam  may  be  separated  by  the  aolubi 
ia,  or  of  its  cyanide  in  (-}-anide  of  potasainm  :  from  Irad  bIs 
from  ntnuri/  bypm'ipitatiiiB  the  latter  in  the  metallic  state 
From  palladivni.  it  b  also  separated  by  the  solubility  of  itf 
itasainm  :  from  nVcirr,  by  precipitating  that  metal  as  chloridi 
1  ia  separated  by  carbonHte  or  ammoaiuro.  an  ezceiis  of  v 
iper  and  uot  the  cadmium  :  or  better,  by  treating  thf  solutii 


tat«d,  while  the  copper  remains  dissolTed.     (See  Corran.) 
y eight  of  Cadmium.— ^Oomejet  ftiaad  Uiat  lU'Sfii  pts. 
"0.  yielded   li-3S2  0 ;  whence  U-3&2  :  100  -  16  :  Cd;  « 
I.     Dumas  (Ann.  Cb.  Fharm.  eziii.   S7),  from  tlie  mew 
the  quantity  of  nitrate  of  silver  required  to  precitritate  tin 

cadmium,  found  for  the  atomic  weight  of  cadminm  nombsi 
112'7S.  He  regards  112  as  rary  near  to  the  tms  valns. 
C  r&VOBXSa  or,  CdF>,  is  deposited  fmm  the  aqneon*  sc 
while,  indistiuctly  crystalline  croate.  It  dissolres  apuinglj 
lily  in  aqueous  hydrofluoric  acid.  (Berielins.) 
[,  xontna  O*.  Cdl'.— PrspsTedsithsTinUiedTywBy.orl 
ith  iodine  and  water.  Crystalliaes  in  large,  tjansparent, 
re  not  sllered  by  eiponire  to  the  air.  It  melts  eaaily,  and 
rstikllins  form;  gives  off  iodine  at  a  higher  tempentnre. 

and  alcohol,  and  eryatallises  unchanged  from  the  solutjoni. 

prfcipitatea  aolphide  of  endminm  lirom  the  aqnsons  solution 
-vididtt  of  aadnitim  are  known,  ria.  2NH*.CdI*  which  is  dej 
Tom  a  solution  of  iodide  of  cadmium  in  hot  aqneooa  ammo 
eh  is  a  white  powder  produced  by  gently  heating  iodide  of  car 
(Rummeleberg.  Pogg.  Ann,  ilvTii.  1S3.) 
'mian  and  Potamum,  UdI'.2KI  +  2aq,  crystallises  in  conft 
solution  of  the  two  iodides  in  equivalent  proportions.  In  lik 
iNH'I.Cdl'  +  2aq.,  apparently  leomnrphoua  with  the  potass 
iq.  in  deliquescent  prisms ;  Bal'.Cdl'  +  aq.,  aliio  deliqnost 
(.  in  laige  eryatala,  which  deliquesce  in  moist,  and  efflorea 
hem.  Gai.  1356,  p.  121.) 

I,  wmtXSB  or,  (r)  when  an  electric  current  is  passed  I 
mmoniae.  the  positive  pole  being  formed  of  cadmiom.and  the 
n,  Uie  Utter  beconei  eovend  with  a  spongy,  leed-grey  mai 
id  diyins,  has  a  density  of  4-B ;  9  graint  of  it  gnv«  off  wb( 
ZZ 
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CADMIUM :   OXIDE—CADMIUM-ETHTL. 


018  to  0*26  cub.  io.  of  nitrogen  gas  free  from  hydrogen,  and  lefl  s  yelloTish-grwi 
residue,  conUiining  globules  of  cadmium.    (Grove,  PhiL  Mag.  [3]  xix.  99.) 

CAPMXUMt  OJLZ9BS  07.  Cadmium  forms  two  oxides,  riz.  a  i^otoiv^e, 
€^"0,  and  a  suboxide,  Cd'O.  The  protoxide  dissolves  in  acids  without  evolritijTj  of 
Eb8or])tion  of  oxygen,  and  forms  salts  of  corresponding  composition  :  e^.  the  fuh'^jy 
Cd'SO*,  the  nitrate  Cd"(NO*)^  &c.  Those  are  indeed  the  only  salts  of  cadajiQ- 
the  suboxide  when  treated  with  acids  yields  metallic  cadmium  and  a  pntoaalu 

Suboxide  of  Cadmium^  Cd^O,  is  obta,iued  by  heating  the  oxalate  to  about  Ibemt.t. 
ing  point  of  lead.  It  is  a  green  powder,  resembling  oxide  of  chromium,  and  is  rewjiv-l 
by  heat  or  by  acids  into  metallic  cadmium  and  the  protoxide.  It  does  not  h..»»r»f 
yield  metallic  cadmium  when  treated  with  mercury  :  hence  it  appears  to  be  a  dti.^u 
compound,  and  not  a  mere  mixture  of  the  metal  with  the  protoxide. 

Protoxide  of  Cadmium,  or  Cadrnic  Oxide,  (M"0.— Cadmium,  heated  in  wntiMrtmh 
the  air,  takes  fire  and  is  converted  into  protoxide.  The  same  compoun«i  is  l  rTr.>*i 
when  vapour  of  cadmium  and  aqueoua  vajx>ur  are  passed  together  throujj:h  a  Rti!*: 
tube;  but  it  is  most  easily  prepared  by  igniting  the  hydrate,  carbonatt-,  or  qjtj'^ 
It  varies  in  colour  from  brown-yellow  to  blackish,  according  to  the  mode  of  pifj.:ir*iV  -i. 
By  boiling  cadmium  for  some  time  in  a  long-neoked  flask,  the  oxide  may  bi*  i.Kt.!^::] 
in  purple  crystals.  Its  specific  gravity  is  6-9502.  It  is  quite  fi.xed  in  the  f.re,  idI 
does  not  melt  at  the  strongest  white  heat.  It  is  easily  re<luced  by  charcoal  kf.in-  !•.< 
blowjjipo,  and  emits  vapours  of  metallic  cadmium,  which  is  imme-iiately  rn  i;ii>^^ 
«nd  forms  a  red  or  brown  deposit  on  the  charcoal  (p.  703).  It  in  insolul  \v  ib  i»j't.'. 
but  unites  with  it,  forming  a  hydrate. 

Hydrate  of  Cadmium,  Cd"H*0*,  :s  precipitated  by  potash  from  dUvtt  ^\\\\  .rm  *. 
cndmic  salts ;  it  may  be  obtained  in  indistinctly  crystalline  warty  groups,  h\  xiw  ;fd:.B 
of  aqueous  ammonia  on  metallic  cadmium  in  contiict  with  iron  or  ctipper.  It  i>  »^  U; 
absorbs  carbonic  acid  from  the  air,  is  insoluble  in  the  fixed  alkalis,  dis^jlves  n^.l  Ivin 
caustic  ammonia,  but  not  in  carbonate  of  ammonia.  It  dissolves  easily  in  sulphuric, 
nitric,  hydrochloric,  and  acetic  acid. 

CABMXUISv  PBOBPBZBa  OP.  Grey,  with  faint  metallic  lustre ;  very  Inrtlf; 
difficult  to  fuse.  Burns  in  the  air  with  a  bright  fiame,  producing  cadraic  phospliiU. 
Hydrochloric  acid  dissolves  it,  with  evolution  of  phosphoretted  hydrogen, 

CABMZVSCf  BUXiPBZBB   OP.     Cd"S. — This  compound  occurs  in  the  fona 

of  Grtenockite,  and  is  prepared  as  a  pignient  known  by  the  name  oi'  inunf  hnlxmU 
It  is  formed  with  difficulty  by  fusing  cadmium  with  sulphur, — more  readily  by  igi.it:B^ 
cadmic  oxide  with  sulphur;  precipitated  in  yellow  flakes  when  sulphydric  acid  oraa 
alkaline  sulphydrate  is  brought  in  contact  with  a  cadmium-salL  The  native  su:p!i«a 
crystallises  in  double  six-sided  pyramids  and  other  forms  of  the  hexagonal  i^^m^a, 
with  cleavage  parallel  to  the  terminal  and  lateral  edges  of  a  six-sided  prism,  Swn^ 
gravity  48  (Brooke),  4*908  (Breithaupt).  Hardness  equal  to  that  of  calc^pst 
Of  diamond  lustre,  semi-transparent,  honey-yellow ;  yields  an  orango-ycllow  or  a  bnck. 
red  powder;  becomes  carmine-red  when  heated.  Decrepitates  wheu  heated  gomewiLss 
strongly  (Brooke,  Breithaupt).  The  artificial  sulphide,  in  the  precipitated  »?&•«•, 
is  an  orange-yellow  powder,  which,  when  heated  to  redness,  becomes  first  bnwriifi 
and  then  carmine-red.  It  melts  at  an  incipient  white  heat,  and  soliditira  on  o-J- 
ing,  in  transparent,  lemon-yellow,  micaceous  laminae.  It  is  not  volarile  tt  nj 
temperature  (Stromeyer).  Specific  gravity  of  the  fused  artificial  sulphide,  4^. 
(Karsten). 

In  dilute  hydrochloric  acid  it  dissolves  with  difficulty,  even  when  the  add  is  besUfd; 
but  if  the  acid  be  strong,  the  sulphide  dissolves  with  ease,  even  at  ordinary  temp^ 
ratures,  with  violent  evolution  of  sulphuretted  hydrogen,  and  without  so^t-trit'-jii  of 
sulphur.  At  a  red  heat  it  slightly  decomposes  vapour  of  water;  at  a  whit#  iicst, 
oxide  of  cadmium  is  formed  (Kegnault).  It  dissolves  in  nitric  acid,  with  trroluua 
of  sulphuretted  hydrogen  and  separation  of  sulphur.     Very  soluble  in  ammonia. 


Cadmium  appears  to  form  with  ethyl  a  coni|K)u:i.l  sni- 
lotrous  to  zinc-ethyl ;  but  it  has  not  yet  been  obtained  in  the  pure  stat^.  WarkliD 
(Chem.  Soc.  Qil  J.  ix.  193),  by  heating  cadmium-foil  with  half  its  weight  of  j: ';^-'f 
ethyl  dissolved  in  an  equal  volume  of  ether  in  a  sealed  tube,  obtaint^d  a  liquid  wli't.'; 
passed  over  in  fractional  distillation  between  180°  and  220°  C,  gave  ofl^  6n«t  vhlt-ii.l 
then  bn:)wn  vap<:)urs  on  exposiu*  to  the  air,  and  at  length  took  fire,  emittini?  a  hrv^-^ 
smoke.  It  smelt  like  zinc-ethyl,  and  was  decomposed  by  water,  with  efterTf*,'tii«r 
and  formation  of  a  wliite  precipit^ite.  It  contained  36*8  per  ctrnt  cadmiuni.  tih  ^s^ 
the  formula  Cd''(CH*)*  requires  66  per  cent.  Hence  the  distillate  apftars  to  kxu 
conttiined  about  56  per  cent,  of  cadmium-ethyl,  the  remainder  cc*Ub\»tiii^  f  t'i/T. 
iodide  of  ethyl,  and  perhaps  certain  hydrocarbons.  (See  also  Sonneoschtia,  J  \r- 
Chem,  Ixvii.  169.) 
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CAFFEINE. 


1  per  cent  of  caffeine ;  tea  abont  2  per  eent.  Stenhoas  e  (Ann.  Ch.  Ph&m.  Inrj, 
246)  obtained  ftrom  a  sample  of  black  tea  from  Kimaon  on  the  HimalAjK^  I-97  p«r  eoL 
theine,  and  from  another  sample  of  good  black  tea  2*13  per  cent  Acctinilcg  ^^ 
P iligot  (Ann.  Ch.  Fhys.  [3]  xi.  68),  Hjson  tea  contains  from  2*2  to 84  p^*Ynt.,ud 
gnnpowder  tea  from  2*2  to  41  per  cent,  of  theine.  According  to  Pohicjxiot  mi 
Boatron  (/or.  cit.)  Martinique  coffee  yields  0*36  per  cent.,  Mocha  coffee  0'2u6  tj, 
Cayenne  coffee  02  per  cent,  of  caffeine. 

0.  From  Guarana. — Guarana  mixed  with  ^  of  its  weight  of  qnick  lime  is  repnWJr 
boiled  with  alcohol  of  33°  Beck;  the  filtrate  is  evaporated  a  little ;  the  grwnisL  fin\ 
oil  which  separates  on  cooling  is  removed;  the  residual  alcoholic  liquid  completrl*  ^^> 
porated  ;  and  the  dry  residue  is  heated:  caffeine  then  sublimes,  at  first  yclloKJsh-V.  v 
afterwards  quite  white. — 2.  Twenty -four  grammes  of  guarana  powder  are  l)oilivl  ^it^ 
a  quart  of  water ;  the  cold  solution  is  precipit^ited  with  batiic  acetate  of  lead;  the  bolrr 
brownish-red  precipitate  filtered  off,  and  repeatedly  digested  with  hot  water;  and  -j* 
lead  is  separated  from  the  filtrate  by  sulphuretted  hydrogen.  The  liquid  »^.:trjt.ti 
from  the  sulphide  of  lead  is  evaporated  in  the  water-bath  to  diyneas ;  the  wsidne  hi. 
solved  in  a  httle  boiling  alcohol,  filtered,  and  allowed  to  ciystallise ;  and  tb«  cnc:^ 
thus  obtained  are  purified  by  pressing  and  reciystallisation.  Guarana  coQlaiiis  aku: 
5  per  cent  of  caffeine.     (Stenhouse.) 

c.  From  Paraguay  Tea. — The  filtered  decoction  is  precipitated  with  neutml  a<fht'' .  f 
lead  and  the  filtrate  with  basic  acetate  (or  it  is  boiled  with  litharge),  and  the  hqij.i  i^^ 
canted  from  the  precipitate  w  evaporated  to  dryness,  a  tough,  dark  brown,  hj^MSn  r-; 
mass  then  remaining.  From  this  residue,  c  iffeine  may  be  obtained,  cither  by  &ul  j. 
mation,  or  by  reducing  it  to  powder,  mixing  it  with  sand,  and  treating  it  with  tiii-r. 
After  distilling  off  the  ether,  feebly  coloured  caffeine  crystalHsea,  and  may  be  pun*;.*! 
by  repeated  crystallisation.  The  product  apiounts  to  0*13  pep  cent  of  the  Para^-iaj 
tea.     (Stenhouse.) 

[For  a  full  account  of  the  methods  of  preparing  caffeine,  see  Gmelin's  Hiiodlock, 
loc.  cit."] 

Properties Caffeine  crystallises  from  water  in  slender  needles,  having  the  ap»=i': 

of  white  silk,  and  containing  8'4  per  cent,  water  of  crystallisation  (C*H"NH>-«-H=0. 
which  IB  not  given  offcompletelyat  160°C.  (Mulder).  Specific  gravity  of  the  cnvaS 
1-23  at  190  c.  (Pfaff).  It  has  a  slightly  bitter  taste,  and  grates  between  theWLi. 
Melts  at  178°,  and  sublimes  completely  at  185°  in  capillary  and  feath<?ry  ne^i-r! 
^^Mulder).  It  is  sparingly  soluble  in  cold  water  and  alcohol,  still  less  in  etj.r. 
Boiling  water  dissolves  it  more  freely,  and  the  solution  solidifies  in  a  pulp  on  c^^Mii-^. 
The  crystals  which  separate  from  ether  and  alcoliol  are  anhydrous. 

Decompositions. — 1.  Caffeine,  when  quickly  and  strongly  heated,  suffers  [jartial  i^ 
composition,  giving  off  vapours  which  have  the  odour  of  niethylamiiie.— 2.  Stn-'^r*.'. 
phuric  acid  decomposes  it  after  continued  heating. — 3.  When  chlorine  is  p:is>p.i  ii.t  i» 
tliick  magma  of  caffeine  and  water,  the  crjstals  gradually  disappear,  and  a  mixtu>  '■.' 
several  substances  is  obtained,  varying  in  composition  according  to  the  dumtioa  of  tU 
action.  With  a  comparatively  small  quantity  of  chlorine,  the  products  are  anulic 
acid,  C*H^N*0*,  methylamine  and  chloride  of  cyanogen,  together  with  chloivoaJfii*, 
CH'CIN^G*.  The  formation  of  the  three  first-mentioned  products  is  reppesentad  by 
the  equation : 

C»H'»N«0«  +  2H20  +  a*  =  C^H-N^O*  +  CH»N  +  CNQ  +  8Ba 

The  resulting  liquid  heated  in  the  water-bath  gives  off  hydrochloric  acid,  kod  a  ^ 
smelling  like  chloride  of  cyanogen,  and  granular  crystals  of  amalic  acid  wprsf^  '•r- 
ceeded  (if  too  much  chlorine  has  not  been  passed  through  the  liquid)  by  ehlofi>-jffM:» 
in  light  flocks  and  crusts.  If  the  action  of  the  chlorine  be  prolougod,  the  cDtj. nffl 
C*H*>rK)*,  called  nitrothnne  by  Stenhouse,  chohstrophane  by  Rochleder,  and  dtnutk^ 
parabanic  acid  [C^CH^j^N^OT  by  Gerhardt,  is  produced: 

C«H«N»0*  +  Cl»  +  HK)  «  C»H*NK>"  +  C0«  -^  2HCL 

Amalic  add.  Nitrotheine. 

4.  Caffeine  boiled  with  hydrochloric  acid  and  chlorate  of  potiissium  yields  aL'-^x-in « 
a  similar  body,  the  aqueous  solution  of  which  colours  the  skin  red  and  inpjm  to  it 
a  peculiar  odour.  The  solution  gives  with  ammonia  the  colour  of  murexid,  sLi  v  la 
alkalis  and  ferrous  salts  the  colour  of  indigo. — 6.  Strong  nitric  acid  hr'ilvA  « Li> 
caffeine  gives  off  nitrous  fumes,  and  forms  a  yellow  liquid,  which  aa^umes  tbf  purilr 
colour  of  murexid  on  adding  a  drop  of  ammonia  (this  reaction  fomishf^  a  ti<  U'f 
caffeine).  If  the  ebullition  be  continued,  the  liquid  becomes  colourless,  no  hu:r  <i- 
hibits  the  purple  colour  with  ammonia,  and  yields  by  evaporation  crj-stalfff  <:  ni-t;  - 
parabanic  acid  (nitrotheine),  floating  in  a  mother-liquor  containing  a  salt  of  m» '•:»!• 
amine. — 6.  C;ifieine  boiled  with  very  atrojig  pota.ih-ley  cvdves  a  consideniMeqBj6*i'T 
of  methylamine. — 7.  With  soda-lime  it  gives  off  ammonia,  forms  carbonate  1.^  v*ji  r.. 
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Idnn,  and  a  Urge  qoanUtj  .of  c^nide  of  eudinm.  Tbia  rrt 
liua  &om  piperina,  morphuie,  quinine^  uid  cinchonior,  irhi< 
fBodiam  whra  linularlj  treated.  (Roehlader.) 
■  nf  Ca/ftinr, — Caffeine  ia  a  weak  baw:  it  diuolree  in  ndd 
re  ID  acid  reaction,  and  an  for  the  moat  part  decomposed  b; 
wi  from  add  beinii;  depcaited. 

It  0/  Caffriru,  CH-N'0'.HCI.  ia  obtained  in  rayetala  by 
'  itroDg  hydrochloric  acid,  not  diluted  eitbrr  irilb  water  or  ni 
ing  by  grntte  eTaporation.  If  either  miUr  or  alcohol  be  adde 
stallisffi  out.  The  suit  fbrma  Uise.tTaiiniarent,efBom>:eDtci 
trimetric ■y*tem,  «P  .  Pa  .  a>  Pn.  Inclination  of  the  fi 
«■  to.:   ■to.  -  1180  30'. 

1  ofcaffiitir,  CH^N'O'.HCI.Ann*,  m-itaUiaCT  ftoni  aleohol  i 
•  (Nicholaon).  The  cA/«™Htrt.ra^,  CH'^N-O'-Htt-tT.  0 
holic  aoiutinn  of  caSeinB  with  siceaa  of  mercntie  chloride,  f''n 
eina.  aoluble  in  water,  hydrochloric  a«id.  alcohol,  and  oinlic  ^ 
i«r.  The  cs^nomircuTaU,  CH'-N-O'-Hg-Cy",  prepared  in  li 
>elonginf(  to  the  dimetric  evetem.  apnniiglj  soluble  in  cold 
eklomplatinalt,  2(CHi*N'0'.HCl).PtCl',  forma  anuill  distin 
I,  ipiiringly  aoluble  in  water,  alcohol,  and  ether.  With  1 
Imchlorat"  of  caffeine  forms  a  beautifiil  brown  prrcipit«ti 
irpOiiii  yellow  scalea  of  another  oompoond,  not  unlike  iodidi 
if  caffeine  cioee  not  prBcipilate  tulpiai'  of  copper,  dichlim 
i,  nr  mtrcuroiu  tuiphalt.  Boiled  with  ferric  chlond4,  it 
n-red  precipitate,  pufectly  eotuble  in  water,  and  probably  co 
imilar  to  th?  preceding.  With  nitrate  o/tUtrr,  caffeine  form 
D'H'*N*0',  which  aepantM  on  mixing  concentrated  •olutiona 
lilTCT.  in  white  cryetalUne  hemispherea,  adhering  firmly  to  tt 
is  sparingly  soluble  in  cold,  more  readily  in  hot  water  and  alec 

Cajfeine  ia  difficult  to  cryataUiae,  nnd  ia  easily  decomposed  b] 
7affei«t  is  obtained  ai  a  white  precipiliite  when  an  aqueona  1 
^  in  ezcasa  to  aqueona  tannic  add.  It  Bontains  41'S  per  cei 
:  add  (Mulder).    An  iuftiaionof  tea,  by  its  tMuiin,  also  pre 

ra.  The  aromatic  prindple  of  cofTee.  It  may  b«  isolated  b< 
roasted  coffee  with  water,  agitating  the  aqueona  distillate  ' 
CTuponting  the  ether.  It  is  a  blown  oil,  nesTier  than  wab 
ng  water.  An  almoat  impoudeiable  quantity  of  it  is  snffidi 
,an  a  quart  of  water.  (Pelonae  et  Frimy,  Trait^  it.  449.) 
knxo  ACnD.  CafdcAcid.  Chlorogmie Acid.  C"H"0" 
i.  487.— Rochleder,  Ann.  Cb.  Pharm.  lit  300;  Wiii  193; 
:,iabicb,  ibid,  liiL  97.— Sten  houae,  Oid.  IjTiiii.  244.— Pa 
tin.  lOS.— Oerh.  Traits  iii  8B6.)— This  acid  cziels  in  col 
6  per  cent  as  a  caleinm-  and  magnesiani-salt,  and,  at 


inble  salt  of  caffeine  and  DOtaadnm.  Accordiiit;  to  BocMedf 
;naj  tM.  Tt  is  prqiared  by  mixing  an  alcoholic  infusion  o 
rith  water  to  separate  the  &ttj  matter;  then  l>oiling  the  liqi 


decompoaiDg  the  predpitate  with  Bulphur^tted  hydrogen,  1 
red  liquid.     It  forms  ayellowish  brittle  masB,  which  may  witi 

colonrlva,  nammellated,  ctyatalline  groups.  It  dissolvea  esd] 
I;  has  an  astringent  taste,  and  t^dens  litmus  strongly,  1 
lais,  and  gives  r^  the  odour  of  roasted  coffee.  By  dry  dit 
id  ■  thick  oil,  which  solidiflea  on  cooling,  and  condsis  of  oijf 
StrongsulphitricadddisaolTeeit  with  the  aid  of  bent,  formu 
istilled  with  peroxide  of  manganese  and  aulphnricsdd,  it  pel 
It  dissolTce  with  yellow  colour  in  potaah  and  in  ammonia, 
ion  in  contact  with  the  air  quickly  tnrlM  green,  producing  n 
;Eocbl«der.) 

uid  colours  ferric  salts  green.  It  does  not  predpitate  ferrous 
monia,  a  nearly  black  predpitate  is  obtained.  It  does  not 
r  gnUtiii,  bat  predpitatea  quinine  and  dnchonine.  It  reduce 
'.tx  fbrm  if  the  liqnid  is  heated. 

of  caffetannic  add  is  not  definitely  fixed.  Boehiedec  first  t 
.  but  aftiTwardB  gsTe  the  preference  to  C"H"0'.  Oerhari 
p(adC"B'0",sceotdii^  to  which  caffetiintucaddwouldbe4 
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of  gallotennic  acid,  C"H»*0",  differing  from  it  by  8CH«.    Pfaff  anppoRM  it  ocmuim 

acids,  caffeic  and  caffetannic  ;  but  Rochleder  fbund  onlj  one.  yiz.  caffetannic  acid,  wuh 

traces  of  citric  acid. 

The  ca/fe  tann  a  tea  are  bnt  little  known.     The  potassiuTti'Salt  is  amorpbotis,  «iluMe 

in  water,  insoluble  in  alcohol,  and  turns  brown  from  oxidation  on  exposure  tu  the  %it. 

The  barium'  and  co/ctum-salts  are  yellow,  and  quickly  turn  green  on  exposure  to  Uj« 
air.    The  ^oif-salt  is  a  white  precipitate  of  very  variable  composition. 

The  caffitannate  of  caffeine  and  potassium,  prepared  as  already  descril^  (j>,  706\ 
forms  spheroidal  groups  of  crystals,  which  become  electric  by  friction.  They  are  T^ry 
soluble  in  water,  less  soluble  in  aqueous  alcohol,  nearly  insoluble  in  absolute  alco>^r.L 
The  aqueous  solution  turns  blown  when  exposed  to  the  air.  They  are  decompose*^  >»r 
dry  distillation,  swelling  up  strongly  and  yielding  a  sublimate  of  caffeine.  Gvzil  t 
heated  with  potash,  they  assume  a  red  or  orange  colour.  Heated  with  strong  snlpb-artr 
acid,  they  yield  a  liquid  of  deep  violet  colour,  with  a  bronze  pellicle  on  tiie  surLi.:«. 
Nitric  acid  colours  them  orange-yellow. 


i.  C'»H«0'  (?)  (Francjois,  Pelletier,  and  Carentoo,  15>«\ 
J.  Pharm.  xvi.  465. — Liebig,  Ann.  Ch.  Phys.  [2]  xlvii.  185. — Rochleder  ar-l 
Hlasiwetz,  Ann.  Ch.  Pharm.  Ixxvi.  238. — Gerh.  Trait^  iii.  746.) — Found  in  tie  ro«>t 
of  cainca  (Chiococca  anguifuga^  Martins),  a  rubiaceous  plant  growing  in  Brazil,  %n\ 
used  as  a  remedy  against  the  bit«8  of  serpents ;  also  in  the  root  of  Chioeocca  raccTTiosa  (Z,\ 
a  plant  much  used  in  the  Antilles  for  tne  cure  of  syphilis  and  rheumatism. 

It  is  prepared :  1.  By  exhausting  cainca  root  with  alcohol,  concentrating  the  al^'w 
holic  extract,  mixing  it  with  water,  and  adding  milk  of  lime  to  the  filtered  liquid  r3 
it  loses  its  bitterness.  An  insoluble  basic  caincate  of  calcium  is  thus  ppoduc«*i,  whi.  Ii 
is  decomposed  by  a  hot  alcoholic  solution  of  oxalic  acid.  The  filt4^rea  solutiosu  w  h^s 
evaporated,  yields  caincic  acid  in  shining  needles  (Pelletier  and  Carentoui. — 
2.  From  the  root  of  Chioeocca  racemosa,  by  exhausting  the  bark  of  that  Tot>t  v'h 
alcohol ;  mixing  the  solution  with  neutral  acetate  of  lead,  which  throws  down  c&?r- 
tannate  of  lead,  together  with  some  caincate  and  phosphate;  then  treating  the  fiJtriJ* 
with  subacetate  of  lead,  which  forms  a  yellow  precipitate  containing  the  greater  part 
of  the  caincic  acid,  with  only  traces  of  caffetannic  acid.  This  precipitate  being  diocm- 
posed  by  sulphuretted  hydrogen,  and  the  filtrate  sufficiently  concentrated,  the  cainu; 
acid  is  deposited  in  crystalline  flakes,  which  may  be  purified  by  cryst-allisation  irc»ia 
boiling  water  containing  a  little  alcohoL 

Caincic  acid  is  inodorous  ;  tasteless  at  first,  afterwards  very  bitter;  sparingly  Bttln)  ]« 
in  water  and  ether,  very  soluble  in  alcohoL  Reddens  litmus  perceptibly.  The  crystals 
give  off  9  per  cent,  water  at  100°  C.  (Liebig).  When  heated  it  softena,  char^  aixl 
yields  a  crystalline  sublimate  which  is  not  bitter.  Dilute  acids  and  strong  alk^iu 
convert  it  into  quinovatic  acid. 

The  ca'incates  are  but  little  known ;  they  have  a  bitter  taste.  The  neutral  caincatet 
of  ammonium^  potassium^  barium^  and  calcium  are  soluble  in  water,  deliquescent  aud 
uncrystallisable.  Lime-water,  added  to  the  solution  of  neutral  caincate  of  calcitjn, 
produces  a  copious  precipitate  of  a  basic  salt,  soluble  in  boiling  alcohol,  whence  it 
separates  in  white  flakes,  which  are  strongly  alkaline.  The  norreud  Und-t^ii, 
C'"H**Pb"0'  +  H'^0,  \&  precipitated  on  mixing  strong  alcoholic  solutions  of  ^^aTtiriV  acid 
and  acetate  of  lead.     There  are  also  basic  lead-salts. 


CAZBlf  OOKBS  BTOra.    Smoky  quartz.     See  Quartz. 

CAJWXJT,  OZZi  OF«     This  oil  is  prepared  in  India  by  distilling  the  leaTvs  <>f 

Mclalevca  Lcucodendron  (L.)  with  water.  It  was  formerly  employed  to  a  gn»at  ext*^oJ 
in  medicine,  both  internally  and  externally,  but  is  now  but  little  used,  and  i«  stII.ttd 
met  with  in  a  pure  or  unchanged  state,  except  in  the  hands  of  whol^s*ile  drntr^.^tf. 
As  introduced  into  Europe,  it  possesses  a  light  green  colour,  resembling  that  of  a  diiot€ 
solution  of  chloride  of  chromium,  which  is  caused  by  a  resinous  colouring  matter  dis- 
solved in  it  in  very  small  quantity. 

The  colour  of  the  crude  oil  is  also  partly  due  to  copper,  the  presence  of  which  ma- 
be  accounted  for,  either  by  the  use  of  a  copper  head  in  the  distilling  apparatus  of  the 
Hindoos,  or  by  intentional  adulteration,  resorted  to  for  presendng  the  careen  oolour  r.f 
the  oil,  which  otherwise  changes  gradually  by  oxidation  to  a  pe*idish-1i>rown,  the  oil 
then  becoming  unsaleable  for  medicinal  purposes.  That  the  oil  possesses  a  green  colonr 
of  its  own  is  proved  by  the  fact  that  the  colour  remains  after  the  complete  removal  of 
the  copper  by  sulphuretted  hydrogen. 

Oil  of  cajeput  consists  mainly  of  the  dihydrate  of  a  hydrocAr>»on  called  e»jputei)*». 
isomeric  with  oil  of  turpentine.  It*!  specific  gravity  is  0*926  at  lO*^  C.  On  •submitting 
It  to  fractional  distillation,  dihydrate  of  cajpnt^^ne,  wliich  con»5titut«i§  aK)ot  two-tinnia 
of  the  cruJe  oil,  passes  over  between  175<^  and  178°  C. ;  smaller  fruclionH.  perh.ip*  pro- 
ducts of  decomposition,  are  obtained  from  178°  to  240®  and  from  240'=' to  2^0^  ;  amUt 


iH  nadae  u  lef^  eonnating  of  carbonaeoons  nuttar  nuxi 
>D  ticatlng  tfai*  reaidae  witli  ethrr,  a  green  aalntion  a  obta 
1,  leaTM  a  green  reaiii,  wlable  in  the  portion  which  boila  bi 
apabla  of  reatoring  the  oiisiiLal  eotonr.  (M.  SehmidI, ' 
)]  360 ;  Chem.  Soc  Qo.  J.  zit.  63.) 
MM.  CH".  (Sehmidl,  ^.  «i'f.>~Thia  eompDnnd  ii  o 
■o  JMmeHe  hTdrocarbona,  iBocajpntene  and  paraeaj; 
drateof  c^puUne  with  phoaphonc  anbjdnde  fbrbalf  anho 
liquid,  whervnpon  c^jpntmi  paBsea  oier  at  1S0° — 1U°  C ;  i 
and  parar^pntono  at  310"— 318°. 

pcmunent  id  the  air.  It  ia  not  aStcttd  hy  iodint  at  oidii 
t  bi|ther  temperature,  h  jdrogien  ii  eTolred  aad  a  black  liqni 
lOiekl;  on  it.  producing  a  lUrk  viadd  oil.  With  gettom  i 
beaatihl  riolet  liqoid,  but  no  cryataUine  eomponnd,  even 
dinaij  nitric  and  nlphuTio  aeid*  acta  upon  it  vith  rioleno 

Itiioluble  in  t^ohol,  but  diiaohea  in  ether  and  in  oH  o/turi 
If,  CH". — Obtained:  1,  aa  abore.— 1,  by  diatilling  the  i 
lilofiitrioL  It  ia  an  oil  boiling  between  17S°  and  17^  C 
UD  thatof  c^putrne,  and  becomea  mare  pungent  and  aronia 
the  oil  at  the  came  time  acquiring  a  f  ellow  colour.    Spedfl 

Vapour-dcQaitjof (1)  — 1'82;  of(S)-l'S2. 
tr,  gaueia  kydnxMorie  acid,  andamixtUM  of  niMc  and  n^ 
lutene  in  the  Mme  manner  a*  on  c^pntene.    With  aU  of 
\unc,  \ydr0cU9rie,  atiiitrie  acid  (neither  of  which  actai^oi 

ia  insolnble  in  water  and  ill  ahvlkel,  bnt  mixe*  in  all  propi 
jU  uf  lurpenliite, 

ine,  C^H".  obtained  aa  above  mentiomd,  hj  distilling  1 
■nhydroua  pboiphoric  add,  paaaea  orer  between  310°  and  31 
a  a  Icmon-jeUow  colour,  and  in  certain  directiona  exhibi: 
^apouiMienaitj,  bj  eiparimant  —  7'OS ;  b;  calmlatioD  (2  > 
between  the  Experimental  ud  calculated  T>pouT.deDaitiea 
Mition,  taking  place  at  the  high  tempeiature  required  fol 

B  ozidiae*  rapidly  in  eontaet  with  the  air,  acquiring  a  red 
ence.  A  iniit<u«  of  niirie  and  tulphurie  aeidt  doea  not  act 
ntt^e  and  iaocuputena.  With  Mj/drocUorie  add  gat,  it  fi 
iiich  does  not  field  erratala,  even  at -10°C.  It  ia  inHold 
of  turpmHm,  aolnble  in  elier. 

CiirVTtan,  C"H"Br*.— Obtained  by  the  action  of  bronji 
I  dry  bromine  ia  dropped  into  the  rectified  oil,  a  very  briak 
idea  of  the  Tcseel  become  coreied  with  yellow  needles,  wh. 
bnt  if  the  addition  of  the  bromine  be  i»ntinn''d  till  the  rei 
thick.  Tiscoqa  oil  ia  formed,  which,  after  etveral  weeka 
nee.  By  boiling  the  miituic  with  alcohol,  the  grannhu' 
arj  oil  ia  left  behind;  and  the  alcoholic  solution,  on  oooli 
mtene  aa  a  soft  crystalline  subalonce  baviug  a  iat^  luatn 

3'putene  melts  at  60°  C.  and  aolidifies  again  at  32°.    By  diy 
which  dyitallisea  again  in  the  cooler  parla  of  the  retort 
ng  with  aqueous  potash.     It  dissolves  in  ether  and  in  boil 

5  with  bromine-water,  fonna  a  red  reain 
white  priams,  extremely  deliquescent 

tsUised  bromine-compound  (probably  a  hydrobromate  anil 
'orrned  in  the  same  manner  as  that  compound  (p.  713). 
'  CajruTBBi,  C'*H'*C1',  ia  produced  by  the  action  of  nase 
«  (rectified  e^jeput  oil).  When  the  portion  of  t^  oil  distil 
C.  IS  mixed  with  veiy  dilat«  nitric  acid,  and  hydrochloiii 
liqnid,  a  violent  action  takes  place  in  ft  tew  minutea,  < 
ig  CTolved:  and.  if  the  passage  of  the  gas  be  continued, 
lately  sinks  to  the  bottom,  as  a  limpid  brown  oil.  which  i 
nitric  and  nitroiia  acid  by  dietillation  over  strong  potash-le 
and  may  be  kept  without  alteration  for  any  lei^th  of  tin 
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composed  by  distillation.  Boiled  with  nitrate  of  silver,  it  detonates  in  a  pus^j 
manner,  and  forms  chloride  of  silTer. 

Htdrjltbi  of  Cajputbkb.  Hemi-hydrate,  C*H»*0«(C»»H"^*.H»0  (or  j,f^^ 
monohydraie  of  pmracajputtne^  C"H".H*0.) — Obtained  by  Uio  action  of  oQ  of  vitrio!  o« 
oil  of  c^jeput  When  the  crude  oil  is  raised  to  the  boilin^point  in  a  deep  open  r^-v^y 
and  oil  of  yitriol  continnonaly  dropped  into  it^  violent  ebullition  takes  place,  vn-<^. 
panied,  after  a  while,  by  a  peculiar  crackling  sound.  As  soon  as  this  is  oV«enrel  toe 
flame  must  be  lowered  and  the  acid  veiy  cautiously  added,  till  the  liquid  rq^vj.-It 
assumes  a  dark  colour,  extending  in  an  instant  from  the  surface  throughotit  the  vhr>!« 
depth.  The  vessel  must  then  be  immediately  removed  from  the  fire,  otberwui/p  fiml>:r 
decomposition  will  take  place,  attejided  with  evolution  of  sulphurous  &abydnd>\  Th» 
upper  oily  liquid  is  separated  from  the  acid  on  which  it  floats,  well  washed,  and  diotjll^l, 
ana  the  portion  which  passes  over  from  the  170^  to  176^  is  collected  and  rMitr<i 
It  is  an  oily  liquid,  whose  vapour-density,  as  found  bv  experiment^  is  519  t)  5i:. 
Now  the  formula,  CH'^0,  if  supposed  to  represent  2  volumes  of  vapour,  give*  (<r  tii* 

calculated  vapour-density  the  number  10*04  (  = 5 x  0-0693),  which  ia 

i^early  double  the  experimental  number.    Consequently,  the  molecule  CH^  Ivp^ 
,  sents  4  volumes  of  vapour,  and  probably  splits  up  at  high  texaperatures  into  C^fl" 

I  and  HK),  each  of  which  occupies  2  volumes.    (See  Atomio  Weights,  pi  4€9.) 

Monohydraie,  C*»H»«0  =  C'»H»«.H«0.— This  is  the  chief  constituent  of  ofl  o^ 
cajeput  (p.  710^,  and  passes  over  in  the  fractional  distillation  between  176°  and  178^  (\ 
After  rectification,  it  is  a  colom'less  oil  which  boils  constantly  at  176^,  han  a  sp^rf.7 
gravity  of  0*903  at  17^  C,  and  vapour-density,  by  experiment  »  6*43 ;  by  calnxJAV-r^u 
(2  vol.)  B  6*338.  It  dissolves  in  all  proportions  in  alcohol^  eiher^  and  fHl  of  (ur^tr^ti-^ 
Exposed  to  the  air  for  a  considerable  time,  in  the  moist  state,  it  ch^mg^  to  a  rpdii^h 
liquid,  which  ultimately  exhibits  a  rather  strong  acid  reaction  with  litrnus.  Moj 
dissolves  in  the  oil,  and  under  certain  circumstances  forms  crystalline  compciiLiis 
;  (p.  712).     Bromine  acts  quickly  upon  it,  and  under  similar  circumstances  fonns  rm- 

talUne  compounds  (p.  711).     Chlorine  gas  passed  into  the  oil  raises  the  temperature, 
,  but  does  not  appear  to  act  upon  it  further ;  but  nascent  chlorine  (evolved  by  pa^ir.* 

hydrochloric  acid  gas  into  the  oil  mixed  with  dilute  nitric  acid)  converts  it  into  (i« 

chloride  of  cajputene,  C"H'*C1'.     Phosjihoric  anhydride  heated  with  the  monohrdrare 

takes  away  the  whole  of  its  water,  converting  it  into  cajputene,  isocajputene,  and  pqin* 

'  cajputene  (p.  711).    CA/ortVfco/rinc likewise  dehydrdtes  it,  but  less  coniplotely.  .b'ir-i.* 

sulphuric  acid  acts  but  very  slowly  on  the  oil  at  low  temperature's ;  but  if  the  tf  mp^ra- 
I  ture  be  allowed  to  rise,  sulphurous  anhydride  is  given  oS,  and  the  oil  blacken^i  &d  1  uiti- 

I  mately  suffers  complete  decomposition.    If  the  action  be  checked  at  a  certain  point,  i 

[  Bulpho-acid  is  formed,  which  yields  a  soluble  barium-salt     CHI  of  vitriol  dropped  into 

the  oil  at  the  boiling  heat,  in  the  manner  above  described  takes  away  half  the  wAfT, 
i  forming  monohydrate  of  cajputene.     Dilute  su/phuric  acid,  on  the  contrary,  cxaMF  th^ 

!  monohydrate  to  take  up  2  at.  more  water,  converting  it  into  C'^H**.3n'0.    Fh,>i^}^ 

I  sulphuric  acid  converts  the  monohydrate  into  a  thick  brown  liquid,  which  boila  al<Te 

360°.  Fuming  nitric  acid  rapidly  oxidises  the  oil,  even  at  ordinary  temjierat'ir.^ 
forming  a  large  quantity  of  oxalic  acid.  Ordinary  nitric  acid  produces  tlie  same  elf.rt 
at  the  boiling  heat,  but  at  ordinary  temperatures  it  acts  very  slowly,  convertina  lh« 
oil  into  a  red  liquidl  Distilled  over  perinantjanate  or  acid  chromtitr  if  pottufivm  h 
presence  of  sulphuric  acid,  it  forms  a  thick  resinous  liquid.  It  does  not  appear  fc-  \<f 
altered  by  digestion  with  peroxide  of  lead.  In  contact  with  aqueous  jxdaiK  w  *"'« J 
dropped  into  melting  potash,  it  forms  a  soluble  salt,  the  acid  of  which  is  prpcipit.it.d 
as  a  resin  by  hydrochloric  or  sulphuric  acid.  Heated  with  sodium^  it  forms  a  ct}suI- 
I  hne  mass,  soluble  in  water  and  alcohol,  and  consisting  of  soda  and  an  or)s;unic  sul^tano , 

which  is  separated  b^  strong  acids  in  the  form  of  a  fragrant  resin.  When  th<»  v^»nt 
of  the  monohydrate  is  passed  over  red-hot  soda-lime,  a  yellow  oil  distils  over,  Lum;' 
a  peculiar  odour  quite  different  from  that  of  the  monohydrate ;  at  the  same  \m* 
the  soda-lime  becomes  blackened  by  deposited  charcoal,  and  when  treated  with  uiK 
gives  off  a  large  quantity  of  carbonic  anhydride.  The  yellow  oil  thus  fonn<vi  jitMe<i 
by  distillation,  a  fraction  boiling  between  180°  and  186°  C.  which  eave  in  two  an»i\>^, 
79-76  and  80*03  per  cent.  C,  12*20  and  1207  H,  agreeing  nearly  with  the  formoia 
C-'«H«0*,  which  requires  79*69  per  cent  C,  12*24  H,  and  797  O. 

Trihydrate  of  Cajputene,  C«H«0*  =  C»«H'«.3HK). —Produced  bytbeartim 
of  dilute  sulphuric  acid  on  the  monohydrate,  or  on  crude  oil  of  cigeput  Two  pt&  (^ 
dilute  sulphuric  add  are  added  to  1  pt  of  the  crude  oil :  and  the  mixtnre  tf»^]l 
shiiken  for  several  days  till  the  watery  liquid  acquires  a  yellowish  colour,  and  thm  I'f 
to  itself  for  tibout  ten  days,  whereupon  it  deposits  crystalline  tufts  of  the  trihylntf. 
adhering  to  the  sides  of  the  vessel     The  crystals  melt  at  120°  C.  and  Bolidi/y  agr-iu  j' 


CAJPUTENE— CALAMINE.  : 

On  cabmit^Dg  them  to  dry  dutillatian,  u  oilj  liquid  pwan  orer  uid  eoodei 
in  the  colder  p.trti  of  the  apparatus,  araianot^  u  the  imolterad  tiihydrate. 
Ls  dimlre  ipuiu^j  in  oold,  emtilj  b  boiling  alcohoL 
itali  hiTing  ths  wuue  compoeilioD  vere  dniouted  bom  a  leMndauj  fractio 
c^eput-oil,  which  diatiUed  at  210° — 3S0°  C.,  and  was  left  for  a  very  long  I 
■nd  exposed  to  the  air.  The  eruda  oil  mixed  with  nibric  add  and  abo 
n,  in  the  eouna  et  aeren  or  ei^ht  montha,  into  b  blncl  hearj  liquid  in  wl 
U  H«  napended,  whua  constating  cf  the  tribTdrate.  The  aame  compo 
«  likewise  to  be  tbrmed  in  besntil^  long  prisms,  when  the  oTatjilline  i 
xd  bj  painng  hjdiMhlorio  add  gas  into  reeti&ed  oil  of  e^eput  is  tbmwn 
oralcoboL 


ta  for  several  daja  with  aqneons  or  alcoholic  potash ;  bat  itd  odour 
liat  of  the  prodact  obtained  by  simple  diatiUation  of  the  hydrocfaJoimte,  and 
es  that  of  pelsjgonic  ether. 

I  dikj/drochlorale,  C'*H''.SHCI,  is  obtained  bj  passing  hjdrochlorio  add 
■h  rectified  cajepnt^il,  mixed  with  a  third  of  its  Tolume  of  alcohol  or  ati 
OB  hjdrodiloric  add.  It  crrstallisM  &om  alcohol  in  bcsatjftil  radiating  to 
at  fi6°C.  and  Bolidifiea  again  Bt3D°.  It  has  no  taste  or  smelL  Bj;  dry^i 
,  it  giiea  off  hydrochloric  gas  at  60°,  and  splits  into  sereral  fractions,  on 
is  Uie  moQohjdrochlorata.  It  is  also  deprived  of  half  its  chlorine  by  bea 
aqueous  or  alcoholic  potaah.    It  disaolTca  sparingly  in  cold,  easily  in  boi 


une  Uquid.  The  li^nid  beoomee  hot,  aeanmes  a  reddish  colour,  depi 
tide  of  phoephonu^  and  Kivea  off  vaponrs,  probably  containing  phoephore 
^en,  and  after  ten  or  twdre  d^s  deposits  crystals  of  the  hydnodste.  Th( 
is  perhapa: 

e(C>*H".HW)  ♦  8PI  -  6C"H"I  +  2PH'  +  PN3  +  P*0*. 

ryiUls  are  deposited  in  cells  like  those  of  beehivee,  and  possess  a  black  met 
They  are  nluble  in  alcohol  and  ether,  and  are  Teiy  stable,  not  being  alt 
iy  boiling  wiUi  potash. 

Vl/draifd.  C"H^'0  =  3{C'rH''.HI).HKI,  or  Hudnodatt  of  EendXydrated 
;  C"H"0.3flL~If  iodise  be  added  by  small  qnantitiea,  and  with  c^ 
ig,  to  c^epnt-oil  till  the  temperature  riiies  from  10°  to  40°  C.,  and  the 


mmereed  in  cold  water,  a  black  ciyslalline  compound  soon  separates  &om  it, 
'ng,  preasing  the  black  substance  between  paper,  and  then  diiwolTing  i 
ether,  a  sWution  is  obtained,  from  which  the  nydrated  hydriodato  crystal 


nns  having  a  fine  yellow-green  colour  and  metallic  Instze,  and  melting  st  BC 
□mponnil  which  does  not  recryBtdlliae  on  cooling.  Fotash  diiwolTes  the  crys 
ictini;  part  of  the  iodine  in  the  cold,  and  the  whole  when  heated.  The  eryi 
isoluble  in  Tat«r,  and  are  not  decomposed  thereby;  they  dissolve  readil; 
)1  and  ether. 


Syn.  of  Tunaoois. 
AAJCnra.  SaHfx  Carbonate  of  Zme.  ZiiK-rpar.  Sinitiionitf.   Galmei  ^fl 

is  mineral,  which  ia  one  of  (he  most  abundant  ores  of  sine,  occurs  crystallise 
xihedroni  with  cleiivage  paraltel  to  the  rhombohednJ  fscee.  Batio  of  prin< 
oadary  axes  -  08070  :  1.  Inclination  of  terminal  faces  >.  107°  40'.  Also  j 
botryoidal.  and  staLictitic,  and  in  cryetalline  incrustations ;  likewise  gram 
f,  and  friable.  Specific  gravity  c  4'4fi ;  hardncsa  •■  fi.  It  is  transhicen 
insparent;  white  when  pnce,  but  often  tinged  mnre  or  leas  witb  grey,  gr 
>wn.  from  admixture  of  the  carbonates  of  iron  and  manganese.  Streak  wl 
t  vitreoos,  inclining  to  pearly.    Brittle,  with  nneren,  imperfectly  oonahc 

re  calamine  is  foond  in  SonunetaluTe  and  Derbvshire.  A  spedmen  from  8oi 
re  analysed  by  Smith  aon  (Nicholson's  Jcomat  vi  70)  gave  3S'!  percent.  I 
H%  ZnO,  which  is  exactly  the  theoretical  compoaition.  Qeuerally.  hower 
in  of  the  zinc  is  iMmcRihonaly  replaced  by  iron,  manganese,  ealcinm,  nugneei 
and  copper.  The  fbllowing  are  examples:  a.  From  Nertachinsk  in  Sib 
sed  by  tfobell  (J.  pr.  Chem.  xiviiL  480.)  \  c,  d.  Fmm  Allenbet^  near  Aii 
■Ue  (Monheim,  JlammetsbtiTg'sJtfiMrafcAmdr,  s,  227.J    r,/-  From  Herroo 
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CALAMINE — CALCIUM. 
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8-88 
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— 
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— 

trjf  =   v..  'H 

93-74 

— 
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— 

8-48 

— 

— 

—  =  li&o 

near  Ninn,  Aachen  (Monheim,  ilndA    a.  A cupriferoTis  variely  caDed  Hnrmt*, frjis 
Albamdon  in  Mexico.    (Genth,  SilL  Am.  J.  ii.  xx. ;  J.  pr.  Chem,  Ixri  476.) 
ZnCO>    FeCOS   MnCO^    CaCO>   MgCO"  FbCoS  ObCO*    BMP  ZaIKP  BH) 

a    •      • 

*  •      . 

d    . 

#  •       • 

f     •       • 

#iA».AiMiiMMy  BZXXCaOini.  Siliceous  oxide  of  sine.  Eydrom  tilicaU  t.J  r^-^f. 
Zinc-glance.  Kietelzinkers.  Kieselgalmei.  Zn'SiO*  +  H*0.— (Dana  applies  b  ib 
mineral  the  name  calamine^  distinguishing  the  preceding  as  SmithaoniU:)  Ocrm>  a 
crystals  of  the  trimetric  system.  Katio  of  brachydiagonal,  macrodiagoDAl,  an  i  pnv 
cipal  axis  «  0-6386  :  1  :  0-6169.    The  crystals  are  short  prisma  {fy.  lU)  ft>u.: .; 

from  the  predominance  of  the  fiices  oor2  and  osF® ,  atii  rj. 
symmetrically  terminated,  viz.  at  one  end  by  the  f^^.  P 
and  at  the  other  by  2? oo  .  too  .  OP  .  |I*oo(y)  and  ifrui 
IncUnation  of  faces,  oof  2  :  »P2  «  103*  63';  |P»  : JPx- 
610  34' J  f  00  :  too  =  68°  20';  2P  :  2Poo  -rl01«  Sis'.  Cl^tc- 
perfect  parallel  to  obP2  ;  somewhat  less,  parallel  toP«  (Kopp  i 
I  KrystaUographie,  pp.  260,  264).  The  mineral  likewise  oarr^  i 
staiactitic,  mammillaiy,  botryoidal,  and  fibronsfomn;  alv.  ca^ 
live  and  granular.  Specific  gravity  3-16 — ^3*9.  Hardm-*  = 
4*6—6.  It  is  white  when  pnre,  sometimes  blue,  more  or  !^? 
coloured  by  oxide  of  iron.    Transparent  or  transluwnt    L3»T'» 

Emerally  vitreous.  Streak  white.  Brittle,  with  uneren  frs.  to^, 
ike  many  other  unsymmetrical  minerals,  it  is  pyroelectri.\ 
Before  the  blowpipe  it  melts  with  difficulty  at  the  e.kfi:  t 
is  not  altered  by  heating  on  charcoal,  either  alone  or  with  (i> 
bonate  of  sodium ;  but  with  carbonate  of  sodium  ani  ^«rj\  : 
is  completely  reduced,  with  formation  of  a  rinc-d«»pf.j.ir,  Ii  • 
easily  decomposed  by  adds,  with  separation  of  gektmoitsjiL-  . 
it  also  dissolves  in  potash-ley. 

Siliceous  calamine  generally  occurs  nearly  pure.  A  ^ipci"  ^ 
from  Tarnowitz  in  Upper  Silesia,  analysed  by  Rammelsberc,  yielded  24-99  SiO^,  -^' 
Zn''0,  and  776  H'O  -  101-40  ;  the  formula  Zn"SiO«  -»-  H^O  or  2Zn''O.S'iO'  +  H'^l 
requiring  26'1  SiO«,  674  Zn"0,  and  7-6  H^O.  Sometimes  a  smiill  ^rtion  of  th^  2  r-r ,» 
partly  replaced  by  iron  or  lead :  in  a  specimen  from  Nertrschiusk  in  Siberia,  H^-rmii: 
found  2*70  per  cent,  oxide  of  lead. 

Siliceous  calamine  usually  occurs,  associated  with  the  native  carbonate,  in  ca'.-r:^rp 
rocks.    Large  crystals  are  found  at  Nertzchinsk.     (Dana»  ii  314;  IUinmoUt>rr 
Mineralchemie^  s.  649.) 

A  variety  of  tremolite  {q.  n.)  having  an  a«papagu8-grw.n  rrli  w. 
SeeCALOSPAB.— OA&CBBOVT.  See  Chalcx^^xt 


jt 


Pliny's  term  for  copperas. 

rATXOV.  The  fixed  residues  of  such  matters  aa  have  undeT^ne  <<o!> 
bustion  are  called  cinders  in  common  language,  and  calces,  op  oxides,  brch^mtvts 
and  the  operation,  when  considered  with  regard  to  these  residues,  is  t-ermed  ralr  .i> 
tion.  In  this  general  way  it  has  likewise  been  applied  to  bodies  not  really  coTnbu>r  v, 
but  only  deprived  of  some  of  their  principles  by  neat.  Thus  we  benr  of  the  cal  •.n;ir.: 
of  chalk,  to  convert  it  into  lime,  by  driving  off  its  carbonic  acid  and  water :  of  gvj  ♦  :a 
or  plaster  stone,  of  alum,  of  borax,  and  other  saline  bodies,  by  which  they  arc  A*>\^^^ 
of  their  water  of  crystallisation ;  of  bones,  which  lose  their  volatile  parts  by  this  trt-jl- 
ment ;  and  of  various  other  bodies.    (See  Combustion.) 

CA&OZra.    Syn.  with  Calcspab  (p.  721). 

CAJfCZITK.  8j/mhol,  Ca.  Atomic  weight,  40.— Lime,  the  oxide  of  cakium.  ^a 
been  known  from  the  earliest  times,  and  was  used  by  the  ancients  in  the  compo-ii -a 
of  mortar.  Black,  in  1766,  first  pointed  out  the  difference  between  burut  and  ua»  u-st 
lime.  The  metal  was  first  incompletely  isolated  by  Davy  in  1808,  and  Las  rwrttlr 
been  obtained  in  the  pure  state  by  Matthiessen. 

Calcium  is  the  most  widely  diffused  of  the  alkaline-earthy  metalg.  The  taiV^^ 
occurs  in  a  great  variety  of  forms,  and,  as  limestone,  constitute*  entire  monntain  ranja 
The  sulphate,  fluoride,  phosphate,  and  silicate  are  also  abundant  natural  pn>iu->. 
Less  frequent  are  the  chloride,  nitrate,  arsenate,  and  tur;>lnte.  Calcium  s\<^  nji*- 
as  carbonate  fOid  phosphate  in  the  bones  of  animals ;  the  »UeUs  of  molhuk>  ire  ^^-^ 
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CALCIUU :  BROMIDE— CHLOEISE. 

nmpowd  ofths  carboiut&  In  theboduHof  [iUnla,Mldiuii  siista  ii>( 
I  varioai  or^nie  adds. 

■alion  o/lii  Mtlal.^Ot,Tj  in  ISOS  obtained  calcnun  in  an  impim 
<it. Bimilarlj  to bariom  (p.  6001  and brpaanng ■mgom ot potatainn i 
(F)  Matthieaasn  (Cbam.  Sac  Qn.  j:TiiL  28)  prnMna  the  pora  i 
—A.  mixture  of  1  at.  cnlorida  of  atldnin  and  1  at  chloride  of  Etnmtii 


pole  ia  placed,  while  a  thin  hwnichord  wire  wound  ronnd  a  thicker 
>n]T  joet  below  the  mrfiwe  of  the  melted  aalt,  fbrma  the  negatiTe  po 
t  then  reduced  in  beads,  which  hang  on  to  the  flne  wiit,  and  maj 
withdrawing  the  nagitiTe  pole  ererj  two  or  three  minntea,  together  < 
ist  which  formi  nnmd  it.  A  anreT  method,  howerer,  of  obtaining  th 
1  reiy  1111111  beade,  ia  to  place  a  pointed  wire  ao  u  morel?  to  touch  thi 
qnid ;  tht  great  heat  eroWed,  owing  to  the  reeiitance  of  the  eurren 
-ed  metal  lo  ftue  and  drop  0?  bom  the  point  ofthe  wire,  and  the  bead 
B  liqoid  with  a  amall  icon  apatola.  Ot,  thirdly,  the  disposition  of  U 
T  be  the  same  as  that  for  the  reduction  of  strontium  (;.  v.) 
Bo  dart  and  Oobin  (Compt.  rend,  xliii.  it)  prepare  calcanm  by  iga 
th  an  equivalent  qnanti^  of  sodium  in  an  iron  cmcible,  having  itsUd 
Lccoiding  to  Dumas  (CV>mpt.  rend,  xlrii.  17S)  it  is  easantiat  that  thi 
ctediDaGloaedTeaael,aa,undarlheoRlinai7atmoapbaricpTMaar(^  thi 
Mj,  and  the  iodide  of  ealcinm  remains  nnaltered. 
twi. — Cateium  ia  a  light  jellow  metal,  of  the  colour  of  gold  aUt^ 
u  a  fnehlj  ent  surface  the  Iniitre  somewhat  diminishea  ue  jelloi 
comes  more  ^rparent  when  the  light  is  reflected  several  timin  from 
alcium.  or  when  the  sniface  is  slightly  oxidised.  It  is  about  as  hard 
tile,  and  may  be  eat,  filed,  or  hammered  out  into  plates  having  the  t 
neat  paper.  Its  spiseific  gravity  is  t'G778.  In  dry  air  the  metal  re 
id  lustre  for  a  few  days,  but  in  damp  ail  the  whole  mass  is  slowly  1 
in  platinum-fbil  over  a  spirit-lamp,  it  bums  with  a  very  bright  flash, 
icted  on  by  dry  chlorine  at  ordinary  temperatares ;  but  when  heated, 
as  with  a  most  brilliant  light ;  also  in  iodine,  bromine,  oirgen,  snlf 
asphoras,  it  combines  without  iguititin,  forming  phosphide  of  caldum. 
dissolves  it  as  a  white  amalgam.  Caldom  rapidly  decomposes  watd 
-e  rapidly  acted  on  by  dilute  nitric,  hydiochlaric  and  tnlphuric  aci( 
□  causing  ignition.  Strong  nitric  acid  does  not  act  npon  it  below  th 
D  the  voltaic  circuit,  with  water  as  the  liquid  element,  caldnm  is  ncj 
n  and  aodium,  but  positive  to  magnesium.  It  ia  not,  however,  rec 
n  or  sodinm  from  itn  chloride  by  electiolyiiB.  On  the  contmiy, 
of  Ca'CI'  with  KCl  or  MaCl,  in  certain  proportiooa,  yields  pota< 
when  subjeeted  In  a  certain  manner  to  electric  action ;  hance  it  opp> 
il  fonoerly  obtained  by  reducing  chloride  of  calcium  with  polai 
mutd  not  be  calcium,  but  was  prohnbly  a  mixtnrs  of  potaaaium  01 

m  unites  with  all  Che  non-metallic  elements,  rorming  eompounds  into 
ir  the  most  part  as  a  diatomic  re>dicte,  e.g.  the  chloride  Ca'a*.  t1 
e  sniphide  Ca'S,  &iv  Most  of  the  compounds  are  colourless ;  they 
to,  and  a  lower  specific  gravity  than  the  comsponding  compounds  of 
ntium.  Of  the  eompounds  of  calcium  witii  other  metals,  little  is 
I  that  it  forms  an  amalgnm  with  mercoiy. 

SXVaC,  amomsa  or.  Ca'Br'.-Formed  by  the  direct  union  d 
nine,  or  by  dissolviog  lime  or  tbe  enrbonate  in  hydnjbromic  acid.  1 
ds  by  evaporation  ooloorleas  silky  needlea  of  the  hydrated  bromii 
le  anhydnms  bromide  may  be  obtained  by  heating.  It  ia  deliqneai 
lUe  in  alcohol. 

SZUM,  OHSSmma  or.  Ca'Cl*.— This  compound  eiisU  in  k 
\rT,  and  spring-water,  and  is  produced  by  passing  chlorine  over  red-l 
by  dissnlring  lime  or  the  carbonate  in  hydrochloric  Mid.  and  eva] 
I  pmdnced  in  laige  quantity  in  the  preparation  of  ammonia  by  heM 
c  with  slaked  lime: 

aNHKJI  +  Ca-H-O"  =  C^'O*  +  31?^  +  2H^. 
iue  is  treated  with  wnter ;  the  solution,  which  is  always  alkaline,  is  ne 
Irochloric  acid,  and  the  residua  evaporated  to  dryness. 
queons  solution,  when  highly  concentrated,  deposits  the  hydrated 
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CVC1».6H»0,  in  eix-sided  prioms  with  pyramidal  summits.  It  haa  a  bitter  ta/rtt  Tft« 
crystals  fr\ye  off  2  at.  water  when  dried  in  vacno.  leaving  the  hydrate  Ca''Cl'.2HK).whyJi 
retains  the  original  form  of  the  crystals,  but  is  opaque,  and  has  the  appeanor«  of  \ijt 
(Graham).  At  200°  C.  they  part  with  the  whole  of  their  water,  leaving  the  ue^j. 
drous  chloride  in  the  form  of  a  white  pozons  mass. 

The  anhydrous  chloride  melts  at  a  low  red  heat.  If  it  be  then  expoved  to  tb^  put « 
rays,  it  afterwards  appears  laminous  in  the  dai^;  it  was  formerly  called  Ho'd.-., 
fhotphonu.  When  ignited  in  contact  with  the  air,  it  is  partially  converted  mu>  .it  * 
and  carbonate  of  calcium.  Hence  the  porous  chloride  dned  at  about  200*^  C.  u  l^*.- 
adapted  for  absorbing  water  in  organic  aoalvsis  (p.  228)  than  the  fused  chloride ,  U 
latter,  containing  lime,  absorbs  carbonic  acid  as  well  as  water. 

Anliydrous  chloride  of  calcium  is  exceedingly  greedy  of  water,  and  is  one  (if  t^ 
most  deliquescent  substunces  known.  100  pti«.  of  it  in  powder  exposed  to  u  atij. 
sphere  saturated  with  moisture  absorb  124  pts.  of  water  in  ninety-six  days,  morp,  \h^^ 
fbre,  than  is  required  for  complete  deliquescence  (Brand  e8,8chw.  L  433).  T-^ 
cnrstallised  chloride  also  deliquesces  rapidly,  and  dissolveB  in  half  its  weight  of  v^t^ 
at*0°  C,  in  one-fourth  of  its  weight  at  16°,  and  in  every  jHroportion  of  hot  water.  "[.* 
solution  of  the  anhydrous  chloride  in  water  is  attended  with  considerable  evoiariv^  .• 
heat ;  but  the  hydrated  chloride  in  dissolving  lowers  the  temperature  of  tho  be  • 
A  mixture  of  cryst^ised  chloride  of  calcium  and  snow  produces  a  degree  of  cc»M  .it- 
cient  to  freeze  mercury. 

Both  the  anhvdroua  and  the  hydrated  chloride  dissolve  readily  in  alcolml  li>  - '. 
of  absolute  alcohol  at  80°  G.  dissolve  6  pts.  of  anhydrous  chloride  of  calcium;  an>: ;  . 
solution  when  evaporated  in  vacuo,  at  the  winter  temperature,  yields  rert&Dj...' 
lamina  containing  59  per  cent,  of  alcohol,  agreeing  with  the  formula  2CVn^70H'<l 
The  alcohol  in  this  compound  appears  to  take  the  place  of  water  of  crystalliK&ijj:. 
It  likewise  forms  similar  compounds  with  methylic  and  amylic  alcohols. 

Chloride  of  calcium  combines  with  ammonia^  forming  the  compound  Ca*C!*.5NH', 
it  cannot,  therefore,  be  used  for  drying  gaseous  ammonia.    It  unites  also  with  cbr-^  it 
\  acid  and  with  acetate  and  oxalate  of  potasaium. 

A  solution  of  chloride  of  calcium  boiled  with  slaked  lime  dissolves  that  enb^v.v 
and  the  filtered  solution  deposits  an  oxychlorid^  of  calcium^  Ca"Cl*.3Ca'0  +  loll  0, 
which  is  decomposed  by  pure  water  and  by  alcohol. 

CA&CZUaKp  BSTBCTZOW  An  WnOfULTXOW  OVa  1.  Beadiu^B  ft 
the  dry  way, — The  hydrated  chloride  and  afewothercalcium-compounda,whec  \\nH 
in  the  blowpipe  flame  on  platinum-wire,  impart  a  red  colour  to  the  flame, sicijc  tr 
that  produced  by  strontium-salts,  but  less  intense.  The  colour  disappears  stf  8<>'i  » 
the  salts  are  dehydrated,  and  is  not  produced  at  all  if  barium  is  likt>«  i^  pr^-f. 
Alcohol  burned  on  soluble  calcium-salts  exhibits  a  red  flame  tinged  with  yellow. 

The  spectrum  of  a  flame  in  which  a  volatile  calcium-compound  ib  ignit^  a(v\jri  so 
to  Bunsen  and  KirchhotTs  method  (p.  214),  is  distinguished  by  a  broad  bnght  ^p^ 
line  situated  at  about  the  confines  of  the  green  and  yellow  of  the  normal  soUr  «[-''< 
trum,  and  an  intensely  bright  orange  line  situated  nearer  to  the  red  end  of  i)i<i  !/•• 
trum  than  the  orange  band  of  strontium,  and  about  midway  between  the  lin«>»  C  r/i 
I>  of  the  solar  spectrum.  This  reaction  is  best  seen  with  the  chloride,  bromi  if.  y.i 
iodide  of  calcium ;  the  sulphate  does  not  produce  it  till  it  has  become  ba«ic.  \Xf  r- 
bonate  exhibits  it  jaost  distinctly  after  the  carbonic  add  has  been  expllc^i  *'  > 
pounds  of  calcium  with  the  non- volatile  acids  require  to  be  decomposed,  in-iir-rJ  t 
by  hydrochloric  acid.  To  obtain  the  reaction  with  silicates  not  deoomfosiblp  Is  /.• 
drochloric  acid,  a  small  quantity  of  the  mineral  in  fine  powder  is  mix»xi  on  a  \As\\vj% 
plate  with  excess  of  fluoride  of  ammonium,  and  gently  heated  till  all  the  tuavA*  j 
^'  volatilised ;  the  residue  is  then  moistened  with  sulphuric  acid,  and  the  excels  of  tLt 

acid  driven  off.  If  the  remaining  substance  be  igmted  in  the  flame  as  above,  (ht:  c^b- 
racteristic  spectra  of  the  alkali-metals,  if  present,  are  first  seen,  and  afterwanis  ij^^v 
of  strontium  and  calcium.  If  only  a  trace  of  calcium  is  present,  the  bead  mas'  U 
held  for  a  few  minutes  in  the  reducing  flame  of  the  blowpipe,  then  moiftteoei  liU 
hydrochloric  acid,  and  again  ignited  in  the  gas-flame. 

2.  Reactions  in  the  wet  way. — The  bromide,  chloride,  iodide,  nitrate,  srftst*.  \:A 
many  other  organic  salts  of  calcium  are  soluble  in  water;  the  carbonate,  hortxc,  th>- 
phate,  arsenate,  and  oxalate  are  insoluble,  the  sulphate  sparincrly  soluble ;  ali  of  Ui-'jl 
nowever,  except  the  sulphate,  dissolve  readily  in  nitric  or  hydrochloric  acid. 

In  the  aqueous  solutions  of  calcium-sal te,  potash  or  soda  produces  awhitegelitinrL^ 
precipitate  of  hydrate  of  calcium,  unless  the  solution  is  very  dilute  Anim.trtui:  to 
precipitate.  Neutral  carbonates  of  alkali-Tnetals :  white  precipitate  of  carbtiuai.  » 
calcium,  soluble  with  effervescence,  in  nitric,  hydrochloric  and  acf-tic  aci«l*.  Jrtc^'^ 
inmates  of  alkaii-nu  tals :  no  precipitate  in  the  cold ;  pulvi-ruitut  precijutjit«»  oo  U- '  u 
alU^nded  with  escape  of  carbcioff  acid.     Siifphurin  acid  and  solubU  tvlpkaic^,  s\M 
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ta  of  ralplutc  of  cildiini,  onlea  tli«  aalution  is  rerj  dUnl«  ;  in  that 
le  ^pMn  on  additioD  of  iJoobol,  ia  which  the  suph&te  of  cahiiaB 
L  ^aUc  add  mi  oxalatt  of  asmoniuBi .'  white  pncipitata  of  m 
euilj  aolahli  in  oitric  or  hjrdroehloric  acid,  but  uuolnble  in  ixK 
rie  aad,  aHalitu  tulphida,  ftTTocyatadt  of  potatiium,  Aj/drofluoiUii 
litale. 

:ae  chuaclen  oleium  in  ioliitioD  may  be  immediatelj  diatingiiiahed 
tala,  except  buiam  and  iitnintinin,  and  from  these  it  nuj  be  diati 
renter  aolubilitv  of  its  (olphate.  A  aolutioa  of  eulphHte  of  calcium 
ecipitate  inuiiei£ataly  with  a  lotulile  bariiun-aalt,  and  otter  a  while  w 

antilaliva  Ell imaf ion,— Ctlanm  m»7  be  eatimated  eithar  nc 
phstc  The  beat  mstbod  of  precipitalins  it,  ia  in  mo«t  caaea  bj  o 
im,  the  oxalate  being  the  least  aoluble  of  all  the  ealta  of  dlcium.  If 
Uina  BO  eiceai  vt  anj  atroDg  add,  inch  aa  nitrie  or  hydrochloric  acid 
aliaed  with  aionionia  before  adding  the  oxalate  of  tmunoninm,  becaos 
m  ia  aoliLblre  in  the  atiODitei  adda.  The  precipitate,  after  being  wu 
■r  and  dried,  ia  heated  over  a  lamp,  care  being  taken  not  to  allow  Ihi 
re  low  redneaa.  It  ia  thereby  coorerted  into  carbonate  of  caldam  ei 
r  cent  of  '^1""""'  or  St'H  of  line. 

veTer,  the  aalution  oontaina  any  acid  which  forma  with  lime  a  comp 
a  water,  phnaphortc  or  boracic  acid  for  example,  thii  method  of  pro 
•e  adopted  ;  becanae,  on  nentraliaiug  with  ammonia,  the  lime  would 
in  combination  with  that  add,  and  would  not  be  converted  mto  ta 
of  oxalate  of  ammonium.  In  Bocb  a  case,  the  oJeiam  maj  be  predi 
by  adding  pure  dilute  sulphuric  add  and  alcohol  The  mlphate,  wt 
41'35  per  cent,  of  lime.  From  add  aolntiona  of  phoaphale  of  cal 
uy,  howeTer,  be  predpitated  by  oialsle  of  ammoniuni,  with  addition  i 
>ninni,  becauie  racalate  of  calciiun  ia  insoluble  in  acetic  acid,  which 
iphate  with  fadlitj. 

paration  from  ollitr  Eltmtnti.—Fioni  the  metals  of  the  tl 
I  calcium  ia  eaaily  separated  bj  solphydric  add,  from  those  of  the  a 

the  alkali-tiuUd*,  ealdum  is  eatilj  aepanted  either  by  oxalate  of  an 
ilphnric  add  and  alcohoL 

un  is  separated  bom  bariitm  bj  precipitating  both  tfae  earths  as  ci 
aa  the  oarbonates  in  nibrio  acid,  eraporating  to  d^eaa,  and  dige 

ID  absolute  alcohol,  which  disaolrre  utnte  of  csldani,  but  not  i 
They  may  also  ba  separated  in  this  manner  in  the  form  of  chloridei 
on  is  less  oi*Bplet«i  becMlM  chloride  of  barimn  is  not  quite  insolubl 
)hoL 

itrontittn,  caldom  ia  sepanted  in  the  same  manner,  nitnte  of  atront 
!  iosolnble  in  abaolnte  aloohoL 

1  1»UTta,  itiDntia.  and  lime  occur  together,  the  barytn  ia  first  eepi 
uoailidc  add ;  the  atrontia  and  lime  in  the  filtrate  are  then  conTerlec 

these  (ulphatea.  after  being  weighed,are  conrerted  into  carbonates, 
rith  carbonate  of  sodium  or  by  boiling  with  the  aqneoua  solution  of 
nnatea  weighed;  and  the  qnantitiea  of  BtrODtJam  and  Caldum  determin 
IiFtz  be  the  weight  of  the  sdontiiun,  y  that  of  tbe  oJdum,  (  that  t 
and  c  that  of  the  earbonatea  ;  then  we  haTe  the  equations : 
SrSO'  Ca30*  SrCO*  aCO* 

-sr*  *  'or*'  ■  •'■    a^-*  +  -Tr'~'- 

BT-8  40*     "     '       97-8  40^     "    ' 

acid,  and  the  nitrates  aepi 

lame  Wiiglt  of  Calcium,— Dnnuw  found  that  IDO  pta.  of  leel 
0',  yielded  by  caldnaljon  S6  pt«.  lime,  Ca'O,  whence  (since  CO'  ■ 
weight  of  lime  —  S6,  and  that  of  ealdum  40.  Eidmann  and  Mare! 
]  BotecUub,  in  repeating  thia  mod*  of  estimation,  found  for  ealdum  til 
Beraeliua  (Trait^  it.  6SS),  Yij  conTsrtiag  pure  lime  into  the  sulphi 
-20.  LBBtly.Damas(Ann.Ch.Fharm.exiii.  33)  has  determined  thie  i 
QBiug  pure  chloride  of  calcium  with  nitrate  of  nlrer.  White  mnrblo  w 
lute  hydrochloric  odd ;  the  solutjon  mixed  with  excess  of  lime  (prep 
>e  marble) ;  the  filtnle  empomted ;  the  reeidue  again  treated  with  hy 
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Ch''CP.6H'0,  in  six-sided  prisms  with  pymmidal  summits.  It  has  a  bitter  taete.  The 
crystals  p^ive  off  2  at.  water  when  dried  in  vacno,  leaving  the  hydrate  Ca''Cl*,2H*0,  which 
retains  the  original  form  of  the  crystals,  but  is  opaque,  and  has  the  appearance  of  talc 

1  (Graham).    At  200°  C.  they  part  with  the  whole  of  their  water,  leaving  the  anhj- 

drous  chloride  in  the  form  of  a  white  porons  maas. 

The  anhydrous  chloride  melts  at  a  low  red  heat.  If  it  be  then  exposed  to  the  min'9 
rays,  it  afterwards  appears  laminous  in  the  dark ;  it  was  formerly  called  Hvmbtrtf'i 
phosphorus.  When  ignited  in  contact  with  the  air,  it  is  partially  converted  into  oxiie 
and  carbonate  of  calcium.  Hejice  the  porous  chloride  dned  at  about  200°  C.  is  butter 
adapted  for  absorbbg  water  in  organic  analysis  (p.  228)  than  the  fused  chloride ;  tha 

'  latter,  containing  lime,  absorbs  carbonic  acid  as  well  as  water. 

Anhydrous  chlonde  of  calcium  is  exceedingly  grefdy  of  water,  and  is  one  of  the 
most  deliquescent  substances  known.  100  pts.  of  it  in  powder  exposed  to  an  atmo- 
sphere saturated  with  moisture  absorb  124  pts.  of  water  in  ninety-six  days,  more,  there- 
fore, than  is  required  for  complete  deliquescenoe(Brandes,  Schw.  &.  433).  The 
crystallised  chlonde  also  deliquesces  rapidly,  and  dissolves  in  half  its  weight  of  water 

.  at  0°  C,  in  one-fourth  of  its  weight  at  169,  and  in  every  proportion  of  hot  water.    The 

I  solution  of  the  anhydrous  chloride  in  water  is  attended  with  considerable  evolution  of 

heat ;  but  the  hydrated  chloride  in  dissolving  lowers  the  temperature  of  the  iiquuL 
A  mixture  of  crystallised  chloride  of  calcium  and  snow  produces  a  degree  of  cold  buifi- 
cient  to  freeze  mercury. 

I  Both  the  anhydroua  and  the  hydrated  chloride  dissolve  readily  in  alcohol    10  ptd. 

of  absolute  alcohol  at  80°  G.  dissolve  6  pts.  of  anhydrous  chloride  of  calcium;  sod  tU« 
solution  when  evaporated  in  vacno,  at  the  winter  temperature,  yields  rectamnil^r 
laminse  containing  59  per  cent,  of  alcohol,  agreeing  with  the  formula  2Ca'Cl*.7C^HH). 
The  alcohol  in  this  compound  appears  to  take  the  place  of  water  of  crystallisatioa. 
It  likewise  forms  similar  compounds  with  methylic  and  amylic  alcohols. 

Chloride  of  calcium  combines  with  ammonia^  forming  the  compound  Ca^CP.SNH', 
it  cannot,  therefore,  be  used  for  drying  gaseous  ammonia.  It  unites  also  with  chroinia 
add  and  with  acetate  and  oxalate  of  potasifium, 

A  solution  of  chloride  of  calcium  boiled  with  slaked  lime  dissolves  that  subFtnncft, 
and  the  filtered  solution  deposits  an  oxychloride  of  ccdciumt  (^"Cl^SCa^O  -f  loli-O, 
which  is  decomposed  by  pure  water  and  by  alcohol. 

CAliCZVBCt  DBTBCTZOW  ASH  BHTIMATZOV  Ol*.  1.  Reactions  in 
the  dry  way, — The  hydrated  chloride  and  a  few  other  calcium-compounds,  when  heated 
in  the  blowpipe  flame  on  platinum-wire,  impart  a  red  colour  to  the  flame,  similar  to 
that  produced  by  strontium-salts,  but  less  intense.  The  colour  disappears  as  »>^u  as 
tho  salts  are  dehydrated,  and  is  not  produced  at  all  if  barium  is  likewise*  presc^nL 
Alcohol  burned  on  soluble  calcium-salts  exhibits  a  red  flame  tinged  with  yellow. 

The  spectrum  of  a  flame  in  which  a  volatile  calcium-compouna  is  igniteid,  aoconling 
to  Bunsen  and  KirchhofTs  method  (p.  214),  is  distinguished  by  a  bioad  bright  grneD 
line  situated  at  about  the  confines  of  the  green  and  yellow  of  the  normal  solar  pyn-c- 
i'  trum,  and  an  intensely  bright  orange  line  situated  nearer  to  the  red  end  of  the  ^^xyv 

"*  trum  than  the  orange  band  of  strontium,  and  about  midway  between  the  linrt»  C  and 

D  of  the  solar  spectrum.     This  reaction  is  best  seen  with  the  chloride,  bromide,  oud 
\  iodide  of  calcium ;  the  sulphate  does  not  produce  it  till  it  has  become  basic,  the  ca> 

'  bonate  exhibits  it  jQost  distinctly  aft«r  the  carbonic  acid  has  been  expelled.    Com- 

'  poimds  of  calcium  with  the  non-volatile  acids  require  to  be  decomposed,  j^^em^rally 

^  l)y  hydrochloric  acid.     To  obtain  the  reaction  with  silicates  not  decomposible  b^'  hj- 

.  drochloric  acid,  a  small  quantity  of  the  mineral  in  fine  powder  is  mixed  on  a  platinum 

I  plate  with  excess  of  fluoride  of  ammonium,  and  gently  heated  till  all  the  flnoridc  ij 

I  volatilised ;  the  residue  is  then  moistened  with  sulphuric  acid,  and  the  excess  of  iL^t 

^  acid  driven  o£El    If  the  remaining  substance  be  ignit«d  in  the  flame  as  abov&,  the  chx* 

\  racteristic  spectra  of  the  alkali-metals,  if  present,  are  first  seen,  and  afterwards  tbofie 

k  of  strontium  and  calcium.    If  only  s  trace  of  calcium  is  present,  the  bead  mu§t  l>« 

held  for  a  few  minutes  in  the  reducing  fiame  of  the  blowpipe,  then  moistened  with 
hydrochloric  acid,  and  again  ignited  in  the  gas-flame. 

2.  Reactions  in  the  wet  way. — The  bromide,  chloride,  iodide,  nitrate,  acetate,  and 
many  other  organic  salts  of  calcium  are  soluble  in  water;  the  carbonate,  borate,  pho«- 

Ehate,  arsenate,  and  oxalate  are  insoluble,  the  sulphate  sparingly  soluble ;  all  of  them, 
owever,  except  the  sulphate,  dissolve  readily  in  nitric  or  hydrochloric  acid» 
In  the  aqueous  solutions  of  calcium-salts,  potash  or  soda  produces  a  white  gelatiuonj 
(  precipitate  of  hydrate  of  calcium^  unless  the  solution  is  very  dilute.    Amnumia :  w 

I  precipitate.     Neutral  carbonates  of  alkali-metals :  white  precipitate  of  carboimt<r  of 

I  calcium,  soluble  with  effervescence,  in  nitric,  hydrochloric  and  acetic  acida.    And  car* 

I  honates  of  alkali'irutals :  no  precipitate  in  the  cold ;  pulvrruknt  precipitate  on  boilirm, 

*  att^'nded  with  escape  of  carbcLir  acid.     Sulphuric  acid  and  soluUe  sulphates:  white 
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te  of  caleimn,  nnlri  tlie  lolntioD  is  rtry  dilnle  j  in  th»t  ewe.  tlic 
■a  ■dditum  of  aleohol,  in  which  the  Bolplutc  of  ciJciiuu  it  quite 
Ttd  ud  oxalate  of  ttttaionium :  vbite  pTcipitBl«  of  oxtlU*  at 

f  potauimn,  h^drojtuotiiici 

n  calcium  in  >o!i]tic)ii  nu;  be  immeilutely  diatiDgaiBhed  from  all 
barium  and  atrontiuiii,  and  ^m  thew  it  ma;  b«  dittii.guished 
ilitT  of  iti  lolpluite.  A  aolution  of  snlphHte  of  mlcium  givea  A 
nediatelj  with  a  aolnble  bariiun-ialt,  aod  after  a  while  wi^  a  salt 

I  Eitimatiou. — Calciom  maybe  estimated  either  as  carbonate 
)  beat  method  of  piecipitatine  it,  ii  in  moat  eaaea  b;  oxalate  of 
Ate  being  the  leaat  aolnble  of  Jl  the  aalla  of  ciilciuin.  If  the  nh- 
eea  of  anj  Blmng  acid,  mch  ai  nitric  or  bjdrochlarie  add,  it  moat 
ammonia  befbie  adding  the  oxaJate  of  ummoninm,  because  oxalate 

in  the  Btmnger  adds.  The  precipitate,  after  being  washed  with 
,  is  hetited  over  a  lamp,  care  being  taken  not  to  ailow  the  beat  to 
ss.  It  is  thei«by  conTerted  into  caibODate  of  caldam  containing 
Jdnm  or  S6'13  of  lime. 

olutioo  contains  anj  add  which  forms  with  lime  a  compound  in- 
Mphoric  or  boradc  acid  for  example,  thia  method  of  predpitatiou 

becaoae,  on  nratnlisiiie  with  ammonia,  the  lime  would  be  pred* 
ion  with  that  add,  and  would  not  be  coDTerled  into  ox&Ute  on 
>f  ammoniuni.  In  imch  a  case,  the  calcium  may  be  precipitated  as 
pure  dilute  sulphuric  acid  and  alcohoL  The  Bulphate.  when  dried, 
cent,  of  lime.  From  add  aolutioiu  of  pboaphate  of  calcium  the 
;  be  predpitated  by  oxalate  of  ammonium,  with  addition  of  acetate 
use  oxalate  of  calcium  is  insoluble  in  acetic  add,  which  dissolTet 

/rent  otier  Eltfntnti. — From  the  metals  of  tbe  fint  groap 
easily  aepanted  by  sulphydrio  add,  from  thoM  of  the  second,  by 

ndaU,  '-I-'""'  is  easily  separated  eitller  by  oxalate  of  ammODlum, 
i  and  tloohoL 

ted  from  iarium  by  predpilatiiig  both  the  eaitha  as  carbonates, 
onatas  in  nitric  acid,  evaporating  to  dijllwl,  and  digesting  the 
alcohol,  irtiieh  dissolves  nitrate  of  ealdum,  but  not  nitcate  of 
'  also  be  Mparated  in  thia  manner  in  the  form  of  chloridea,  bat  the 
mplata,  because  chleride  of  barium  is  not  quite  iuoluble  in  abso- 

ealdnm  is  separated  in  the  aame  manner,  nitrate  of  stiontinm  being 
1  absolute  alcohoL 

rantia,  and  lime  occur  together,  the  baryta  is  first  separated  by 
1;  tbe  stTontia  and  lime  in  the  filtmle  are  then  converted  into  suf- 
latea.  afler  being  weighed,  are  converted  into  carbonates,  either  by 
te  of  sodium  or  oy  boiling  with  the  aqueous  solution  of  that  salt ; 
bed ;  and  the  quantities  of  strontium  and  ealdum  determined,  us  fol- 
e  weight  of  the  strontium,  g  ' 
if  the  carbonate* ;  then  we  hi 
*      ^    CaSO'  .   SrCO' 


may  be  diasolved  in  nitric  add,  and  the  uiU 

?kt  o/  Calcium. — Dumas  found  that  100  pts.  of  Iceland  spar, 
y  ealdnatjon  66  pts,  lime,  Ca"0,  whence  (since  CO*  -  H)  the 
me  -  S6,  and  that  of  Coldnm  40.  Erdmaun  aud  Hoirhand,  and 
in  repeating  this  mode  of  estimation,  found  for  ealdum  tbe  number 
I  (Traiti,  IT,  G3B),  ^  converting  pure  lime  into  the  sulphate,  found 
Dumas  (Ann.  Ch.Fbann.cxiii.  33)  has  determtued  this  number  by 
hloride  of  calcium  with  nitrate  of  silver.  White  nmrble  was  treated 
Joric  odd ;  the  solution  mixed  with  exceea  of  lime  (prepared  from 
the  Allmte  eTapnrated ;  the  residue  sgaia  treated  with  bydrochlorio 
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tioD,  culled  Ime-aater,  ia  alkaline,  and  tui  »  esnatJc  tasu.  It  pn- 
Ilie  oiidn  from  their  sohitioDB.  all  those  in  fact  wbicb  are  insolublo 
■oiUc,  boracic,  liltdc,  and  phoephoric  acids  Then  addrd  to  their 
•olutioDS,  or  in  eicesa  to  their  acid  solationB.  Wben  exposed  to 
mien  eoTored  with  a  pellicle  of  carbonate  of  calcium.  The  solid 
'bi  carbonic  acid  from  water,  forming,  acduding  to  Fncha,  tlie 
rCO'.Ca'H'O". 

ladily  in  nitric,  hydrochloric,  and  acetic  acid.  The  hydrate  eipiiaed 
orioe  ga«  formi  a  miiturp  of  chlorids  and  hypochlorite  of  calcinm, 
ioriie  of  lime  or  Ucaehing  puvider : 

aCa-O  +  2C1'  •  Ca'Cl'  +  Ca"a"0'. 
:t  upon  anhjdroaa  lime  or  on  the  carbonate. 
M  a  variety  of  useful  purpoaes ;  —  1.  For  muking-mortar.     Th« 

hydrate,  is  mixed  viUi  2  pta.  of  coarse  or  3  pta.  of  fine  sand,  anil 
bo  ■  paste,  which  aa  it  dries,  abeorbs  carbonic  acid  slowly  from  the 
■d  into  a  hard  mani  of  liydratj)  and  carbonate,  which  binds  the 
dy  together.  The  chief  nee  of  the  sand  is  to  prevent  by  its  mas* 
ictiun  of  the  mortar  in  diying.  —  2,  IntsDQing,  to  promote  the 
ir  or  wool  from  the  skins,  and  of  the  &t  and  fleshy  parta. — 3.  In  the 
I  tie  alkalis  from  their  carhonatea.  —  1.  In  the  aaponiacation 
Diended  for  the  preparation  of  stearine  candltK — 6,  In  the  defe 
[see  StnuB). — 6.  Asamannre.  Soils  containing  loo  mnch  day, 
th  Ijme.  which,  by  absorbing  water  and  carbonic  acid,  swells  and 
bus  renders  the  soil  lighter.  It  sJso  exerts  •  decompoaing  actton 
Dg  the  silicate  of  potasdnm  soluble. 

'eium,  CaO*,  is  known  only  as  a  hydrate^  which  taUt  down  in  Teiy 
s  when  lime-water  ia  mixed  with  an  aqaeoiu  solutioi)  of  peraxiiM 
inard.) 

ETOKKOftZBa  or.  (See  page  716.) 
CTamv-«AXiTS  or.  See  the  several  Acidb. 
CTBUXFKZDB  Or.  When  sulphide  of  csleinm  prepared  1^ 
ate  with  charcoal,  is  boil^  with  ■  large  quantity  at  water,  tlie 
:,  and  graporated  in  a  retort  containing  air,  a  larce  quantity  of 
^n  escapes  with  the  watery  vapours  :  the  cooled  liquid  deposits 
,  and  on  further  concentrating  the  molhei^liijuor,  gold-coloorod 
d  consisting  of  an  ozyenlphide  Ca'S'O  +  20aq.  When  heated  out 
lir,  they  give  off  water  and  sulphur,  withoiit  alteration  of  form,  and 
ue,  which,  when  treated  with  hydrochloric  acid,  depoaita  mlphur, 
td  hydmgen,  and  forms  a  product  contsioing  sulphate  of  calciom. 
jm.  xv.  4S3.) 

KOSrHIDB  or.  CaP'or  Ca'P'?— Prcfiared  by  passing  vapour 
-cd-hot  lime.  A  good  mode  of  proceeding  is  to  place  a  tew  piecM  of 
loaed  end  of  a  combnstion-tnbe,  fill  the  tube  with  small  lumpe  of 
y  forming  slaked  lime  into  pellets  and  calcining  them),  then  beat 

containing  the  lime  to  redness,  and  pass  the  vapour  of  phoephonis 
y  surmunding  the  closed  end  of  the  tube  with  hot  taeL  To  pre- 
sa,  a  crucible  baving  a  bole  at  the  bottom  is  filled  with  pellets  of 
the  grate  of  a  furnace,  and  a  flask  containing  phonihoms  is  placed 
Ith  its  neck  paaaing  upwards  throueh  the  ho^  in  the  crucible.  The 

and  BI  soon  as  the  crucible  ia  red-hot,  the  pbosphorus  in  the  flaak 

so  that  its  vapour  may  pass  apwardi  through  the  lime.  The  pro- 
lass  consisting,  aecoming  to  Thinard.  of  dicalcie  phosphide  and 

MCaO  +  P»  -  CCa'P*  +  2Ca'P'0'. 
ID  (Handb.  iii.  188),  it  is  a  mixture  of  munoealcic  phospbids  and 

8CaO  +  P"  -  6C»P"  +  Ca'(PO')'. 
I  leaetiona  may  take  place  together.    The  product,  when  tbiDwn 
diat«ly  decranpossd,  with  evolution  of  spontaneously  iafiammable 
Dgsn: 

PH>  +  3CaHK)»  +  P*;  orSCaT'  +  BH'O  -  4PH'  +  flCaO  +  P". 
phoB[duds  loay  also  be  decomposed  in  the  mannBT  rspreamtsd  by 

Cii«p»  +  anK"  =  aPii'  +  acao. 


DiMolTM  tm£lj  in  hjdiodiloric  mad.    (Handv.  d.  Cham.  ii.  [2] 

Caieanoia  Bear.  Caidlt. — The  rhombohednl  fimn  of  caxboaaM 
aiioMrj  fbrm  u  an  obtaac  rhombohednm  (jt^.  IIS),  in  which  the 
dp*l  uu  to  th>t at  tixa  Hconitrj  axia  m  OSSIS  to  I,  and  tha 
sal  edges  ia  10fi°  6'.  Of  thu,  thare  arr  DUmerooa  modifleatioiu, 
lanj  acute  and  obtoaa  riioinbidedTona,  and  likewiae  ■calenohednou, 
iMTibla  puallel  to  the  Imm*  ^  the  primal?  rhombdwdnn.  The 
,  aaldom  cMcm*  ■■  an  onhnkiB  OTital  in  pore  calcapar,  bat  ia  the 
itter-apar  (Ca;  Hg)CO*.lfoat  at  Uie  Ibnna  occor  onlj  in  combination, 
the  moat  Beqnant^  OBcaning  ifaombobednma  are  given  in  the  £>!• 
if  them  being  the  naxt  actaer  rfaombohcdron  with  leUtJon  to  the 
tt  ottutir  with  lelalion  to  that  next  below  it  (See  CnltruJA- 
ki.SnTHx.) 


0-31M 
0-4S71 
0-BHS 
l-TOM 
3-4172 
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uvtr 
notv 
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1,  but  atill  nion  fttaventlj  in  combinatioii  with  the  hexasonal  prian, 
aeenia^.  132.    It  ooenn  abundantlj  at  Andieaabeig  id  the  Eats. 

^  Derbjahira.  Among  the  Kalenohedioni,  ia  the  Tariatj  called 
It*  ifS- 133)>  in  vhich  the  indlnationi  of  the  ftcea  in  the  teiminal 
and  141°  2V.  It  ia  fbnnd  in  Derbjlhire  and  other  localitiea.  It 
Jao  in  hemitropic  twin-ei7«talB  (fig.  124),  which  maj  be  anppoeed 
ntlang  the  emtal  (fig.  123),  in  haivee  b;  ft  hoiiionlaJ  plane,  and 
halTea  thiongh  an  angle  of  180°. 

itjof  thepnreat  crjaUla  of  nlcepar  is  2721.  Haidnna  ~3,  being 
)M  ^jpnun  and  flnarapw.  Calcspar  when  pore  is  nilaitrieas,  but 
ma  tmta  of  yellow,  green,  red,  brown,  and  even  black,  arising  ftoni 
s  titTeoni.    Tnnelucrat  more  or  Ina,  and  when  transparent,  e^ibi la 


722  CALCTUFF-CALLtTNA. 

In  ft  wutbble  decree,  tha  doaUe  lefractiaii  of  lif^L  Thii  pnipntj  ia  1 
the  beaatifid  cmtals  obtained  tnm  leeluid,  bsiice  known  u  Iceland  ^ 
oTiUla  ezhibit  the  gmmd-farm  B,  bong  in  bet  nunly  bgnenU  of  lup 


fC^^ 


^&^ 


Ban,  ore  noted  M  aflbrding  the  n. - .    ■ 

fbnn.    [Reapectiiig  the  diconutaDcee  nnder  irbieh  ekrbonate  ol 
fonns  of  c&lcspar  and  of  anagonite,  see  JLxMiammm,  p.  SfiS.] 

fTaT,«p|'iiw»  An  allarial  form  of  carbonate  of  caldnm,  probablf  At 
(alcueoni  nirings.  It  haa  a  jeUovish-gref  colour,  a  dall  lustre  intern 
grained  eartOT  fractore ;  i>  opaque,  and  small;  marked  with  impreaaiona 
matter.    It*  density  ia  nearly  the  aame  ai  that  of  water.    It  is  loft  and 

OA&CmiTB,  or  BTOMB,  The  name  genersny  giren  to  all  hard  cos 
bony,  fbnaed  in  the  bodies  of  animals.  (See  BraoAsa,  Bilubt  Cu«c 
Cauouu.) 

OAUtSKX^K  A  mberal  ftom  Nepal,  said  by  Soehting  (Dea 
Qtaellsehaft,  ix.  i)  to  be  a  kind  i^  garnet. 

^»T.«Mf  ■!■■■  Cuprrout  Sulphocarbonatt  of  Lead,  from  Leadl 
and,  conaistB,  aocording  to  saslyseg  t^  Brooke  [£d.Fhil.  J. iii.  117).  an< 
tFhil.  Mag.  IMO, p.  iOi),  of  SPb'SO'.aPb'CO'.Cu'CO".  1l  t»-ur>  in  priBC 
of  the  trimetnc  system,  irilh  nomeroiis  seconiiar.v  faffs,  BnmeliBES  Ihi^b 
minnte,  and  oecasionaUy  in  bmncht'^^  diTerging  trum  4  poin^  Specific  gi 
Hardness  —  2'fi — Z.  Colour  Terdigtu-  or  blnisb-^reen.  Streak  gr< 
Iiostre  reeinona.  Tranalncent  Fracture  aneren.  lUther  brittle.  It 
dnced  before  the  Uowpipe,  and  diaMlvea  partially  in  nitric  add,  with  1 
■n^kate  of  lead. 

"  ^*-»"  »"'  »-wir .  A  modlagilioaa  anbatance  eztracted  from  the  lean 
of  thie  conimon  marigold,  CalmdiUa  itfiainaiit.   (Otigar,  Din.  lU  CaLnff., 

iei&) 

OAUCO-vmxWTZWO.  The  ait  oT  Ayring  doth  (chiefly  cotton 
topically ;  that  ia,  impreBsing  flgnrea  in  one  or  more  eolonis  on  certain 
dolh,  while  the  rest  of  the  surface  ia  left  in  ita  original  atate.  (See  tV 
ofArtt,  Manufaclunt,  and  Afino,  i.  491.) 

OA&mswsw.  A  bitter  prindple  extracted  from  CKica  Cnii/emiFO. 
Bachn.  Repert.  xxxiL  20.) 

See  Cdicbiuia  Babk.— 
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a Al^PKSra.  This  term  is  used  In  T&rioiu  <ra^ ;  BometitDM  u  ■  gei 
for  the  IrydrocarboDfl  ieomeric  or  poljinetii;  vith  oil  of  turpeotine,  aometi 
name  of  the  redide  of  omplior  (C"H")  snd  ita  lUied  componndg.  By  ] 
Bertbelot,  it  hsu  been  applied  eapeciillj  to  the  hydrocarbon,  alao  contaii 
.  obtained  by  the  action  of  alkalii  on  bydiocblorate  of  tuipratisa-oiL  Leiai 
the  aome  kppellstiDn  to  the  radicle  of  oil  of  cloTes,  engenin,  &£. 

Chlorinated  and  brominated  derivatires  of  caniphene,  e.  g.  C'*H"CI'  Mt 
■re  obtained  by  the  action  of  chlorine  or  bromine  on  oil  tnlpentjoe  and 
fL-manochlorocamphem,  C'*H"C1,  and  a  dichloHtU  ofeamphrne,  CH^CP,  a 
by  tbfl  action  of  pentschlaride  of  phoaphonu  on  camphor  (see  p,  728). 

OAMmwrnSor  Ttrtbenn.  The  seneric  name  for  the  Tolatile  oi 
earbonaC**H^,iiiomeTic  or  polymeric  vith  ou  of  turpeDtine.  Host  of  them  i 
and  consiBt  of  C'°H",  r.  g.  oil  of  turpentine,  oil  of  lamona,  oil  of  juniper 
&c. ;  some,  as  colophene,  ^pear  to  consist  of  C^H". 

Hany  camphenes  exist  ready  formed  in  plantB,  as  the  oila  of  joniper, 
torpentina  ;  they  are  often  contained  in  Iha  natural  oils  associated  vith 
eompoonds,  and  may  be  separated  there&om  by  fractional  distillatioa,  •■  c 
oil  of  caravay.  Innieene  or  valerene  from  oil  of  valeiiui,  &c.  Hatj  M 
from  oxygenated  compounds  containing  C^H**  +  water,  hj  the  action  of 
anhydride  ((.  g.  bomeene  &om  bomeol,  cinKbpne  from  wormseed-oil,  &e.) 
formed  from  oxygenated  oils  by  the  of  tion  of  hydrate  of  pota«iam  (oil  ol 
Others) ;  gome  by  di;  distillation,  as  oil  of  amber,  csoatchin,  tu^ 

All  the  camphenes  are  liquid  at  ordiuoiy  tcmp«^tures  (except  Berthelot'i 
wbich  is  a  sohd  melting  at  4S°  C.) ;  they  hare  for  the  moet  part  a  densi' 
09  (oil  of  parsley  is  the  only  one  heavier  than  irater,  specific  grari^  — 
and  boil  between  ISS°  and  16S°  C. ;  tlieir  obserred  vapour-deositj  Taria 
4'B.  the  formula  C'*H"  calculated  fbr  S  ToL  giving  a  thoretical  density  of  < 
only  boil  at  higher  poinln,  viz.  oil  of  copaiba  at  2fi0°  C. ;  petroleoe  at 
phene  at  about  310°;  cincphene  at  nearly  320°,  roetaterebene  about 
observed  vapour  density  of  l^Brtene  is  61,  of  tolene  S'7,  of  pstralene  9'4,  < 
ll'l ;  the  formula  CH"  calculated  for  S  voL  requites  9'i. 

CampbeuesaretlistiDguished  one  from  the  other  by  their  odonra,  vliich 
oil  of  lemon,  are  vejy  fragrant,  in  others,  as  in  oil  of  copaiba,  extremely  di 
also  by  their  action  on  polarised  lighL  All  natorttl  camphenea  possr«a 
ntatory  power  in  a  greater  or  less  degree,  some  turning  the  plane  of  polaris 
right,  others  to  the  left;  but  even  in  the  same  nil.  the  strength  and  dim 
rotatxiry  power  vary  according  to  the  temperatore  and  other  circumsl&ncee, 

Camphenes  readily  absorb  oiygen  and  convert  it  into  ocone.  lodint  ft 
part  decomposes  them  readily  and  with  evolation  of  beat,  sometimea  eren 
•xplosion,  the  iodine  taking  the  place  of  a  portioD  of  the  hydrogen:  tl 
•erves  to  detect  the  admixture  of  camphenes,  oil  of  turpentiae,  for  puiimpli' 
Tolatile  oils.     Chlorine  and  In-omine  adt  in  a  similar  manner. 

Camphenes  ti¥ated  with  brtfmirw  and  aaifr  are  easily  convtrt^  into 
oili(Gr.  Williams,  Phil.  Mag.  [4]  T.  (536).     According  to  Chautard  (( 


ifl),  camphenes  distilled  with  leater  and  bnrmidr  or 
tber  products,  1 


Umi,  yield,  amongst  other  , 

Most  camphenea  unite  with  hi/drochlorie  add,  Ibrnung  either  liquid  or 
eompounds,  frequently  having  the  composition  C"H".HC1  or  C"S.".1 
compounds,  oiUed  artificial  campbora,  have  the  same  rolalory  power  as  tl 
which  they  are  produced.  Similar  compounds  are  formed  with  h^dn 
i^rioif ic  acid. 

Satmal  camphenes  ti«Bl«d  witL  aeidt,  especially  with  ttnmg  mlpivrii 
nJlj  andergo  an  altwation  of  molecular  airangement  without  change  of  et 
■titation,  Uie  odour  being  fbr  the  most  part  greatly  altered,  aometim 
denait^  and  boiling  point ;  bat  the  most  chaiacteristic  alteration  is  Ibe  los 
rotatory  power.  A  camphene  often  yields  several  isomeric  modifirstioos  b 
with  difaiant  adds,  or  by  repeated  treatment  witb  the  same  add.  Tbe  Den 
thiia  prodni^  are  called  camnbenps  of  the  second  order,  or  some! 
pheranes.  Another  class,  called  csmpheDes  of  the  third  order, or 
eamphilanes.  are  obtained  by  the  action  of  lime  or  baryta  at  high  t> 
on  tbe  hydrDchlorates  of  other  camphenes;  these  an  also  optically  ini 
eraerally  differ  greatly  in  odour  ft^im  the  original  camFihenM.  but  ofttn  ex) 
Uie  same  specific  gravity  and  boiling  point.  The  camphsnM  of  the  Keca 
orders  are  decomposed  by  chlorine,  hromine,  and  iodine,  and  form  liquid  or 
eompounds  with  hjdrorfdoric,  bydrobromic,  and  hydriodic  adds. 

Thecamphenesarea  vary  numerous  class  of  bodies;  the  prindpal  of  tbe 
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3  pti.  alumina  or  clay,  u  molred  into  cu-bonie  uibydride,  evbutvtted 
einpyTeum«tio  oil,  uid  artiiduo  of  charcoal. — 7.  Dirtilled  with  pKosphoHe  • 
HisieaalTedintowatei'uidcjmeDe,  C"H"  (DelaUnde,  Ann.  Ch. Phya.  | 
Hented  with  coDC«itrBt«d  pboaphoric  acid,  it  Toladlisn  for  the  moat  part 
poaed.  It  i»  also  resolT*d  inW  water  and  cjinene  bjr  diatiUation  with  cMan 
—  8.  Cunphor- vapour  passed  OTor  red-hol  hbm,  yielda  camphrona,  C"!!" 
liquid  boillDgat  7fi°  C.   At  a  rei;  bright  red  heat,  tbia  product  iareaolred  in! 


lot,  pp. 
distilled, 


of  potassinm,  C"H"KO"  is  produced  (Delalaode,  p.  728),— 10,  Campl 
to  180° — 200°  C.  with  alcoholie  potatk  or  toda,  is  courerted  into  boroeol 
3.  626,  726).— 11.  When  camphor  ia  triturated  with  iedint.  and  the  i 
Bd,  a  dark-coloured  oily  liquid  passes   over,   containing   eamphin, 

lotc^  and  colophese,  and  a  blackish  residue  is  left,  containing  cam^ 

(ClauBB.  p.  725). — 12.  fnnnini  unites  with  lamphor,  foiming  an  instable  br 
camphor,  C"H"O.Br,  which  is  crystalliDe,  and  is  decompos^  bjr heat,  by  cc 
air,  sad  by  the  action  of  ammonia..^  13-  Chiorine  exerte  but  lime  action  oi 
even  in  annahine.— H.  With  pentaeMoride  of  phosphoraa,  camphor  yields  o 
of  phosphorus,  and  a  ciystalline  subetanee,  C"'H'*C1',  bsTina  the  aspect  o 
cumphor  (hydrochlorate  of  turpcDtine-oil).  It  remain*  diaaolTed  in  the  oi 
and  may  ba  precipitated  by  waier  (Oeibardt): 

CH-'O  +  PCI*  -  POa'  +  C»H'*C1'. 
This  compound  yields  by  repeated  di7  distillation,  ft  chlnrinatsd  lul  coi 
C"H"C1.    (Qerhardt.) 

According  to  Ffaundler  (Ann.  Ch.Pharm.  cxr.  29),  1  at  camphor  kaale 
110°  C.  with]  at.  PCI*,  yields  hydrochloric  acid,  oxychloride  of  pboaphonis,  i 
rocamphene,  C"H"C1,  which  ia  a  white,  soft,  crrstalliDe  substance,  haviuf 
of  campQor.  Its  index  of  re&action  is  149327.  It  is  insoluble  in  water,  bu 
in  3'$  pts.  of  87  per  cent,  alcohol  at  14°  C,  (brming  an  optically  inactive  aolnl 
dyetals  Tolatilise  rather  quickly  at  ordinary  temperatures,  melt  at  about  6 
then  sublime,  decomposing  at  higher  temperatnrea.  With  2  at  peotachiorid 
phoruato  1  at.  camphor,  chloride  of  camphene,  CH^Cl*,  is  oblaiued 
QyataLi,  resembling  the  preceding  in  aspect  and  in  odour,  but  softer,  and 
index  of  refraction  —  1-60663.  It  diasolres  in  4-96  p(a.  of  87  par  cent,  i 
14°  C,  fbrming  a  solution  posseMimg  Igevo-rotatoiy  power.  The  ciyBtais 
rather  quickly  at  ordinary  temperatures,  and  melt  with  partial  Bublitnitiria 
— 15.  K  chloriju  be  pasted  through  the  solution  of  camphor  in  tricidoridi 
phona,  Tarious  subetitution-prodBete  are  formed,  according  to  the  time  for 
action  of  the  ehlotiae  is  continued.  Tetracklorocamvl^BT,  C"H'*C1K)', 
isolaled,  though  not  quite  pure.  If  the  action  be  continued  for  a  long  time,  an 
by  beat,  a  colonrless  product  is  at  length  obtained,  having  the  aspect  of  n 
and  consisting  of  texckloTo-camphor.C^'WCl'O  (Ciana,  J,  pr.  Chem. : 
— 16.  When  camphor  is  heated  with  mercuric  chloride,  hydrocMoric  acid  i 
together  with  an  odour  of  turpentine,  and  a  carbonaceous  maas  contsinin 
remaina. — 17-  Pentachloride  of  atUinumy  attacks  camphor  strongly,  giving  i 
diioric  acid,  and  forming  a  resinoas  aubsUnce. — ^18.  Hydrochloriiiac' 


nmphor,  at  tbe  lempeiatore  t  and  baiomelric  pressure  h  \ 
t  24°      TXfi     ISa"     18fi°      l!"         flo         7*         7"         s" 

6         747      740       73S        744        320       288       270       740       233 
BCl    19-0    200      20-4       20'£        IS'3      168      16-3       210      170 

At  a  certun  low  pressure,  camphor  no  longer  absorbs  hydrochloric  acid  g 
pressure  varies  with  the  temperature,  being  220  mm.  at  12°;  840  mm. 
300mm.  at  20°;  and  423  mm.  at  24°  fBinean,  Ann.  Ch.  Ph^.  [3]  nil 
19.  Sulphunim  anhydride  is  quirkly  absorbed  by  camphor,  forming  a  oolourl 
which  IS  heavier  than  water,  dissolves  iodine  and  camphor,  and  when  satnr 
Camphor,  contains  4  pts.  camphor  to  I  pt.  80',  It  gives  off  sulphurous  anhyc 
■t  ordinary  temperatures.  The  i|aantitiee  absorbed  by  100  pts.  camphor  I 
d  tsmperatures,  are  giveji  in  the  following  tables  (Bineao,  Uk.  i 


t  24»  24°  IfiS" 
b  624  74fi  5SS 
WiSi   Z6A    280 


730     .  CAMFHORAIOUC  ACID— C AMPHORIC  ACID. 

holic  Mlntians  of  eunphinsiiute  of  unmoniura  and  uetate  of  lead,  the  tonaa 

isA  leaving  tiie  Liquid  to  cooL  The  nltier-tail,  CH^'AgNC,  is  obtained  ■ 
parent  jeUj.  composed  of  minnle  cnstak.  an  mixing  the  boiling  eoocentntrd 
of  CHmphonunate  of  ammoniain  and  nitrate  of  siWer,  and  leaving  the  luiuid 
•XO  AOnh     Serf  Fbdtti^Cjjcfhobuiio  iaa. 

C'H'TTO"  -  N'.H'.(C"H"0')",— When  a  ( 
ammonift-gas  is  psroed  into  the  middle  of  a  Bolutioa  of  campborio  anhjdrid 
lute  alcohol,  the  liquid  becomes  heated,  and  yieida  b;  evaporation  a  symp; 
•oluble  in  vster,  whith  in  probahlj  carnphontniid&  It  is  aot  decomposed  i 
bj  hydrochloric  acid ;  bnt  when  tinted  with  potash,  it  givee  off  ammonia, . 
eamphomlfl  of  polasaiiun.     (Laurent.  Rev.  ■dent.  x.  123.) 

OAJKVMOBBSEM.  The  name  given  by  ClaoB  to  the  noQ-Tolatile  prod 
action  of  iodine  on  camphor  (p.  72S). 

fUMVBOmXO  AOZD.  C'*E>K)*  -  C<*H'<0>.H'.0*.  (Om.  zir.  465  ; 
700.) — There  are  three  modiflcations  of  this  acid,  corresponding  to  thoae  of 
TLZ.  dtxiro-rotalary,  lism-rotatory,  and  inacttix. 

Df  xtTo-camphoric  oi  ordinary  Camphoric  acii/.— This  add wa»  di» 
KoBegarten  {^DU^dtcamphoraet-partHmsq-ua  rAm emu^iitumi,  Qbttingen, 
particularly  studied  by  Lanrent  (Ann.  Ck  Phja.  liiiL  207;  Compt.  CI 
p,  HI),  ifalaguti  (Ana.  Ch.  Phys.  liir.  161),  and  Liebig  (Ann,  Ch.  PI 
60).  To  prepare  it  common  camphor  ia  healed  in  a  retort  with  ten  times 
of  strong  nitric  and.  the  liquid  being  cohobated  several  times,  and  the  adi 
On  evaporating  and  cooling  the  residual  liquid,  the  camphoric  add  erystalli* 
may  be  purified  by  dissolving  it  in  carbonate  of  potaaaiam,  predpitating  i 
acid,  and  recryatallising  aeveral  times. 

Camphoric  acid  forms  coIoutImh  transparent  scales  or  Dcedl*),  which  melt 
and  taste  soar  and  bitter  at  the  same  time.  It  is  sparingly  soluble  in  cold  i 
leadily  in  boiling  water ;  easily  also  in  alcohol,  ether,  and  fatty  oila.  Ac 
Brondes,  it  requires  for  aolutioD,  S8'8  pta.  of  water  at  126°  C,  and  gd  pt& 
Molecular  rotatory  power  of  the  ■olntion  [a]  ->  +  SS'S76  ;  thia  power  dimii 
aidorably  on  satoratiog  the  acid  with  an  alkali 

It  gives  an  abundant  precipitate  with  neutral  acetate  of  lead.  Bjf  Arj  • 
it  isreeoWed  into  water  and  camphoric  anhydride,  leaving  oidy  aamall  filmc 
It  dissolrea  without  alteration  in  strong  nitric  and  sulphuric  add. 

B.  Lavo-camphorie  Acid, — Obtained  by  the  action  of  nitric  scidoo  tb 
of  feverfew  (p.  729),  has  tile  same  composition  and  chemical  properties  as  d 

Cric  arid,  and  rotates  the  plane  of  polarisation,  by  exactly  the  aame  amo 
(Chautard,  Compt  rend,  rarii.  166.) 

•f.  Inactivt  Cataphoric  Acid,  or  ParacampAoricAeid.iMfToATiefiihjBi 
weights  of  deitro-  and  Ivvo-camphoric  acid.  It  agT«ea  with  ordintuy  cam] 
in  most  of  ita  propertiea,  bat  has  no  action  on  polarised  lighL     (Chantari 

CAKPBau.TBS Camphoric  add  ia  dibasic,  the  formnla  of  a  neutral  c 

being  C"H"MK)*.  The  camphorates  are  odoorless,  and  tiaTe  ■  slightly  b: 
UoBt  of  them  are  sparingly  soluble  in  water.  Thef  an  decompc>Bed  hy 
hydrochloric,  and  nitric  acid. 

Camplurraia  of  Amnionittm—Tbe  nentral  salt,  C»H"(NH')'0',  IS  ol 
passing  a  cnrrent  of  dry  ammonia-gas  over  camphoric  acid,  and  exposing  t 
to  a  cnrrent  of  dry  air.  It  is  very  soluble  in  wat«r,  and  has  a  aliglit  acid  re 
no  decided  taile.  An  acid  amTnoniumsiilt  is  obtained  in  small  prisma,  mel 
loo"  C.  by  throwing  crystals  of  acid  carbonate  of  ammonium  into  a  boiling 
camphoric  add.  When  dried  at  100°  in  a  cnrrent  of  air.  they  lose  19  f 
water.  They  contain  according  to  Malaguti.  63*67  per  cent  carbon,  897 
and  8-S  nitrogen,  whence  iie  deduces  the  formnla  3C"H"0'.*HH'  +  SHK) 
■ay,  a  compoond  of  I  at.  neutral  camphorate  and  2  at  add  camphorate  of  ai 
but,  according  toOerhardt,  the  salt  is  an  acid  camphorntt,  C"H"(NH')0  -f 
formula  of  which  requires  66-3  C,  B'7  E.  6'6  N,  and  ISS  per  cent,  water. 

CamphoraU  of  Potamiium.  C'*H"K'0'.—(>yslAlliBeBin  large  nacreous  • 
prepared  with  bydrated  Fsmphoric  add,  and  in  small  delicate  ne«dl«  when  p; 
dissolving  camphoric  anhydride  in  potash.  According  to  Bucholi  and 
Lagrange,  it  is  bnt  sparingly  soluble  in  water,  whereas  Brandes  states  that 
deliquracent,  and  dissolves  in  a  very  smalt  quantity  of  water  (pmbitbly  tlin 
•oluble  salt  was  an  acid  salt).  Camphorale  of  sodium  forms  limpid,  eonfiw 
efllarescent  crystals,  soluble  in  200  pts.  of  cold  and  8  pta.  of  boiling  wale 
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add.     TbU  arid  aaa,  at  ordinaxy  temperatures,  the  conoBtence  of  treacle.     I 

Euent  ud  colaurleui,  bw  a  peculiar  odour  and  a  yeij  agneabU  taste,  not 
it(«r.  It  dUsolrcB  Terj  sparinpl;  in  ali?ohol  and  ether.  Specific  grKTitj 
20-S°  C  ;  reddens  litmus  paprr  after  a  while  onlj ;  dissolTea  in  alkaline  sok 
ifl  decompoeed  when  boiled  with  them.  Water  effecta  the  ume  deeompow 
long  tontact  or  (Ontinned  ebullition.  By  dry  distillation  it  yields  water, 
anhydride,  and  camphorate  of  ethyl,  together  with  rery  small  quantities  of  a 
carbarett«d  hydrogen  gaa,  reauLting  from  secoadaiy  decomposition  : 

3C"H*0'  -  H»0  +  Ci*H'*0'  +  C"H«0' 

EihTl^wnpfaorfc  CftimrJllorlc        Ckm  photic 

The  alcoholic  solotion  (ciTee  a  copiani  precipitate  irith  neain)  acetata  of  lei 
laguti.) 

Ethyl-camphoric  acid  ia  monobasic,  the  formula  of  its  salts  being  C'*H"(C 
The  amiHoiuum,  potataiaTTi,  lodium,  barium,  itronUum,  ailcium.  and  tniiffn- 
are  soluble  in  water.  The  tine,  copper.  Uad,  mercury,  and  »i/t«r-salt8  an 
or  sparingly  soluble.  The  copper-salt,  obtained  by  precipitating  sulphate 
with  ethyl-camphorafe  of  ammonia,  is  probably  a  seequibaaie  salt.  (Mala| 
Ch.  Phj-a.  IxiT.  161.) 

Camphoratt  of  Methyl  and  Hydrogen.  Mtthi/l-camphorie  mCamp 
acid.  C"H"0'  =  C"H"(Cfl'.H)0'.— Obtained  in  the  same  manner  aa 
phoric  acid,  substituting  wood-spirit  for  alcohol  The  residue  of  the  third  i 
yields,  when  washed  with  water  and  lefl  at  rest,  a  crjBtalline  mass,  whid 
pressed  between  paper  and  boiled  with  water.  It  then  forms  an  acid  liqi 
bottom  of  which  some  drops  of  oil  collect,  changing  after  a  few  days 
defined,  roloorleiiB.  shining  crystals  of  methjl-eamphoric  acid.  Theae  o 
either  needles  arranged  in  radiating  groups,  or  snail  four-sided  or  ail-side 
but  an  dissolring  them  in  ether  and  leaTing  the  solution  to  eraporalA  v< 
well  formed  prisms  ace  obtained  belonging  to  the  trimetric  Systran,  and 
the  combination,  P.  ooP.  goPw,  InclinaHop  of  the  (sees,  asP:  wP  - 
■sPob:  ooP  -  128"  45';  »?«:?-  llS"  2S'and  66»4';  P:P  -  160' 
fbuT-sided  lamina  are  hemihedral,  and  exhibit  oolj  the  combination  s  •  S 
eleara^  perpendicular  tc  n  P  w. 

Met  by  learn  phone  acid  is  very  little  solnbte  in  water,  Tery  soluble  in  alec 
and  chloroform.  The  solutions  are  strongly  acid,  and  turn  the  plane  of  pola 
a  ray  of  light  to  the  right :  [a]  —  -i-fil°t.  The  acid  melts  i^  abaot  GS''< 
mains  viscid  a  long  time  a^er  cooling.  By  distillation  it  yields  camphoric  . 
a  viscid  liquid,  and  a  slight  residue  of  carbon.  Boiled  with  caustic  potash, 
wood-apirit  and  is  converted  into  camphorate  of  potasaiam. 

The  aqueons  and  alcoholic  solutions  of  the  add  form  a  white  oyslalline  ' 
with  sfetate  of  lead,  soluble  in  excess  of  the  acetate;  witli  acetate  of  copper, 
ciystalline  precipitate;  with  baryta-water,  they  forma  cloud,  which  disappe^ 
ing  a  drop  of  nitric  acid.  They  have  no  action  on  lime-water  or  on  solub 
aalto,  but  farm  a  alight  doud  with  nitrate  of  silver.  Oxide  of  silver  is  r 
them,  producing  a  blackish  deposit.    (Low,  Ann.  Ch.  Phys.  xizviii.  483.) 

CAMVMOKnmia.  C'*H"N0'  -  N.II.(C"H"0')'-  — Obtained  b 
neutral  camphoramate  of  ammonium  to  1GO°OT  160°  C.,or  by  mdting  ordist 

C-H'^NO-  =  C"H"NO'  +  HK) 
CunphDiunic     Cuspborlinlda. 

and  :  C"H"(NH')NO'  -  CH^NO*  +  HIP  +  HK>. 


It  is  purified  by  solution  in  boiling  alcohol  and  aystallises  on  cooling.  It 
Iras,  volatilises  at  a  hiah  temperature  without  decomposition,  and  dJMolva 
boiling  alcohol,  crjstallising.  on  cooling,  in  tufts  like  fern  leaves,  beautiful!' 
or  by  veiy  slow  oooHng  in  hexagonal  tables,  oblique  and  much  elongated! 
solution  in  weak  alcohol,  it  is  gniduatiy  dtpoaited  in  the  form  of  a  ffumraj,  ti 
substance,  which  solidities  after  some  hann  in  opaque  tulierdes.  The  alcol 
tion  gives  off  ainmonia  when  boiled  with  potash.  It  dissolvtB  at  a  gentle  hea 
snlplioric  acid,  and,  on  pouring  a  few  drops  of  water  into  the  aolutien,  a  i 
Ulline  deposit  is  formei  (Laurent,  Compt,  chim.  184fi,  p.  147.) 
CAMVMOBXW.     CaatjAoratt  of  (;/j*Yi-^(.— Produced  by  heating  CMnf 
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O&WCBBIM.    An  ftrtifldal  guano  team  NewfoandtaDd. 

CAJroaA.I^aVA.     See  CiCHA-IiAODit  (p.  TDI> 

OAXCRIMTVa.  A  mMiiiTe  mineral  fonad  near  Minsk  in  tbe  Urai.  in  tlii 
uji  min*  in  the  TnnnkinBk  mountains,  Siberia,  and  in  Litchfipld  in  Iha  State 
[t  cleaves  ptmllel  to  tbe  faees  of  a  hexagonal  prism,  has  an  nnerra  fractoni, 
■od  colour  and  waxy  luntre,  nscreona  oa  the  deavage  fecee ;  transparent  o 
traoslncent.  Spwiap  gravity  246  to  2*6.  Hardneiw  S-0—6-6.  Il  aAta  1 
tiimefled  glasa.  Hjdrocbloric  aeid  dissolvn  it  readily,  with  e&oneceo<x  Ml 
lioD  of  (feltttinoos  silica. 

The  following  are  anaWsee  of  canmnite:  1.  From  Hfiasli;  light  red:  i 
parity  2*63  (S.  Rose,  Fogg.  Ann,  ilvii.  376) ;  4.  Specific  gr»Tity  2't8 
reweky.  Kokscharow's  Xaltrialen  but  MineriJogie  Buiitands,  L  81). — 2. 
Funekinsk  Mountains,  yellow;  a.  Speciflc  grarity  2449  (StroTe,  Pogg. 
513);  b.  Speciflc  grariW  3-448  (Pusirewakj).— 3.  From  Litchfield,  r 
Specific  gravi^  2-448;  6.  Greeniah,  Speciflc  gravity  2-461.  (Whitney, 
tSI.) 

Stnte.    PiHlinikr. 


From  these  results,  Rammelsberf;  coDclndes  that  the  loiDtnl  ia  a  mizt 
bonate  of  calciam  with  elsolite,  containing  a  nnaller  pnnHirtion  of  potaab 
water  than  the  nnial  amonnt.  (Bammelabelg'a  JUina-aieliemit,  p.  eS3 ; 
233.) 

See  Spikbl. 
AKBA.  Callus  duleit.  White  Cinnaoion.—Thtee  nam 
plied  to  lbs  bassorinnerbarkofOiTu/'aa^BeaneUaceaiu  tree  glowing  ii 
Indies,  especially  in  Jamaica.  It  forma  reddish-yellow  tnbee,  throe  feel  lo 
inch  thiuk,  having  a  pleasant  aromatic  taste  and  oilonr :  it  contains  about  I 
of  manna  (formtrly  mistHken  for  a  pecnliar  kind  of  sugar  called  eamlUri 
itarcb  and  the  other  usual  constitneuts  of  vegetable  atinctores.  By  distill 
water,  it  yields  two  volatile  oils,  one  lighter  tban  water,  the  other  heavier, 
nils  be  left  in  contact  with  pnlash-ley,  the  liquid  then  dilated  with  water  ani 
the  flrat  portion  of  tbe  distillate  is  again  lighter  than  wuler.  and  at  last  a  b 
obtained,  of  very  peculiar  odour.  The  pota.ih-ley  from  which  the  oila  bavt 
tilled,  yields  by  neutralisation  with  add  and  distilktioo,  a  heavy  oil.  amelli 
of  elovet  The  light  oil  of  white  cinnamon  sioellfl  very  mnch  like  oil  of  a 
may  bo  separated  by  fmctionsl  distillalion  into  severU  oils,  differing  greatly 
point.  White  cinnamon  contains  about  6  per  cent  of  ash,  consisting  nuii 
bonate  of  calcium.    (Handw.  d.  Chem.  iL  [2]  927-) 

(UUnrAMtWa.     Syn.  of  Bbdcikb. 

OAVWABIW.  A  poisoaons  resiu  extracted  &om  hemp,  by  exhausting  t 
plant  {Gunjah)  with  alcohol,  after  the  greater  part  of  the  brown  colouring  i 
been  removed  by  digestion,  first  in  tepid  water,  afterwards  in  sotntion  of  cb 
•odium,  then  precipitating  the  chlorophyll  with  lime,  decolorismg  withanimi 
and  evaporating.     (T.  and  K  Smith,  Pharm.  J.  TraoB.  vL  127,  171.) 

From  the  Eitraci.  hti.  eanali.  ind,  tpinlaoi,  Q.  Maitius  has  prepared  a 
treating  it  with  cold  alcohol  of  83  per  cent,  mixing  the  dark  green  filtrate  ' 
till  turbidity  enmiea,  agitating  with  animal  charcoal,  filtering  and  distUli 
almhol :  the  resin  then  separates.  It  is  a  light  brown,  ehiuinj;  rabslanoe, 
glntinons  and  doctile,  has  a  peculiar  narcotio  odour,  like  thatoftiie  extract, 
tensely  bitter  taste.  It  melts  at  68°  C,  bums  with  a  briglit  smoky  flame,  L 
in  potash  and  ammonia,  but  dissolves  in  alcohol  and  ether,  sparingly  ale 
Volatile  oils  dissolve  it  in  the  cold ;  fixed  oils,  with  aid  of  heat. 

The  narcotic  eBectsof  haschiah  (;.  v.)  are  due  to  hemp-reein.  (Handw.  i 

m  '"■) 
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e  DKpiiration,  since  it  dissolvea  less  of  &  grMn  oil.  vbich  adhpTEi  obstinsd 
nlhandiii  (Ttiierry).  According  to  Procter,  euilbaridin  is  best  eitrsctad  1 
rm.  The  palyerispd  canthiuidee  ■!«  left  in  contact  for  same  time  with  ti 
sight  of  chlorofonn  in  &  dispUcement  sppantos ;  tbe  chlorofona  io  thrn  dr 
id  flnaUjT  diiplaceil  b;  aJcobal,  sod  the  H>latioD  ii  left  to  cvaponitc.  where 
othuidiD  d^slaUiBCSDnt,  Batiiiat«d  with  the  gcma  oil  It  ii  ludonbibolc 
liich  nbaam  tbe  greiter  part  of  the  oil,  then  ctTBtallised  from  dilorofbi 
ith  alcohoL 

Pnce  caDtharidin  formi  colouilea  right-ansled  fbiir«ided  prinns  of  Hie 
item,  Htamioated  with  four  faces  rasting  on  Uie  latcMl  face*.  According  I 
cryitaUiaes  from  ether  in  obliqne  four-aided  pcismi,  with  dihedral  nmunil 
le  aipect  of  micaceona  UmillK.  It  melta  at  SOO°c!,  and  Tolatilisea  in  whi 
hich  sliconglj  irritate  tbe  ejee,  Doee,  and  throat,  and  condeuaa  in  reduigaL 
iving  a  strong  lustre,  and  aometimea  iridesceDt. 

Cantharidin  ptr  m  is  insoluble  ia  toalet,  but  it  is  rendered  aolnble  bj  the  p 
.her  aubstances  (see  the  laat  article).  It  Tolatiliae*  in  noall  quantity  at  10^ 
ore  quietly  at  182";  not  with  vapour  of  water.  It  diaeolves  readily  in  alec 
a.  of  cold  it/ur,  and  rather  lce>  of  hot  ether ;  aaiie  ether,  aood-tpirit,  sd 
BO  dissolTe  it  readily  when  hot,  and  depoait  It  on  cooling.  But  its  best  i 
Jontfurm,  which  extracts  it  even  from  the  aqueous  infusion  of  cantharidci. 
ise  dissolves  in  oiU.  both  fixed  and  volatile.  Itesohtion  in  any  of  the  liqoi 
entioned  possesses  the  vesicating  power,  which,  however,  is  not  eihi 
intharidin  in  the  solid  state.  A  grain  of  cantbaridia  mixed  with  an  ouni 
■odncPB  veiy  strong  vesication.  Cantbaridin  dissolves  in  txdpkuHe  acid,  i 
-ecipitated  by  water;  also  in  hot  hi/drocldoric  and  nitric  acidt,  whence  it  c 
1  coollDg;  phosphoric,  acttic,  and./iinntc  oriiit  dissolve  but  Lttla  of  it  at  ordi 
sratores.     It  dissolves  in  pofash-lty,  and  if  precipitated  by  acetic  add. 

OAXTOXTTK  A  variety  of  sulphide  of  copper,  Ca*^  from  the  Cantoi 
eorglu,  h&vinp;  heiahedral  cleavage,  bloish.blaiji  colour,  and  senu-metall 
lecific  gravity  =  418.  Hardness  =  2-(l  (N.  A.  Pratt,  SilL  Am.  J.  [2]  i 
entb  Itbid.  117)  regards  it  as  a  pseudomorph  of  covellin  after  galena. 

OAWTOW  VSOSmOKtnii  A  phosphoresrent  sabstance  pmparix 
niag  for  an  hour,  at  a  red  heat  in  a  crncibls,  a  mixture  of  8  pfs.  of  flnrl 
Fster-ahells  with  1  pt.  of  flowers  of  sulphur.  A  better  phosphor™  wnee  is 
r  calcining  the  entire  shell  in  a  closed  crucibls,  affcr  duatiug  it  over  witi 
iposure  to  bright  tight  is  neceasaty  to  its  luminosity  in  the  dark.  Tht 
the  ahella  is  said  to  be  essential  to  the  effect.  Oypaum  mixed  witli  floiE 
loaphorescent  when  calcined. 

O&OU  TUBM>Ki  A  hydrocarbon,  isomeric  with  tetrylene,  CH*,  laid 
iardat(J.  Pharm.  Sept.  1837,  p.  iSt),  to  be  produced,  tii^rther  with  olhe 
T  distillatiou  of  caoutchouc  (f.  v.)  It  has  a  density  of  0'B6,  boils  at  H-i 
lidifiu  in  brilliant  needles  at  - 10°. 

OAOnrcxZW.  CH".  (Himly,  Ann.  Ch.  Pharm.  nrii,  *1 ;  Qr.  W 
roceedings  of  the  Boyal  Society,  i.  617;  Qm.  xiv.  326.) — A  hydpeeartiou  c 
gether  with  many  other  aubslanecB,  in  the  oils  produced  by  distillatioti  of  o 
id  gutta  percha.  To  separate  it,  rectified  oil  of  caoutchouc  boiling  between 
10°  C,  is  repeatedly  ahakeu  up  with  dilute  sulphuric  add,  then  vuhed  ■! 
ith  water  and  potash.ley.  and  distilled  with  water  several  time*.  The  di 
ihydrated  with  chloride  of  calcium  and  rectified  per  «,  the  portion  which  i 
reeu  160'  and  176',  being  collected  apart;  from  this,  by  repeated  rectifiiy 
movml  of  the  portioua  whicli  pass  over  below  Iflfi"  and  above  171°,  caonto 
ngth  obtained,  boiling  between  iflB"  and  171° ;  and  this  product,  by  repei 
mil  distillatioa,  may  be  brought  to  boil  at  171°.  The  pariflcatiou  nut] 
Fected  by  passing  dry  hydrochloric  acid  gas  into  the  cooled  oil.  previously  d 
lotlde  of  calciam,  whereby  hydrochlorate  of  caoutchin  is  produced ;  decan 
|uld  from  the  realn.  after  it  has  stood  for  some  days ;  dissolving  it  io  abt 
bol:  predpitatiug  with  water;  dehydrating  it,  and  decompoaina  It  by  di 
er  caustic  lime  or  baryta,  and  finally  over  potassium.  The  product  thus 
purr  csoutchin.  (Eimly.) 
Caoutchio  is  a  transparent,  colourless,  tuobile  liquid,  having  an  odour  bl 

of  orange,  but  not  quite  so  agreeable,  and  a  p«>cnliar  aromatic  taste.  1 
msient  grease  spole  on  paper.  Specific  gravity  08*23  at  0°  C.  Boils  aJ  : 
'6  met.  pressure.  Does  not  solidify  at  —39°,  Vapour.den!Uty  4'481  (Him 
niliams),  by  calculation  (2  vola)  =.  *-714.     It  baa  but  little  eledric  co 
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,  (ueh  u  Uad  cr  dlTsr,  tlia  free  aolf  bar  in  tha  pom  of  the  eaoDtchoti 
d.  aud  Uiua  ngiun  the  quiditj  u  delenoralML 

rulcunisalion  of  ooutchoac  ii  effected  in  nnooa  vap  :  1.  By  inimen 
'.loutchooe  in  flowprs  of  lulpbur  hekted  to  112"  C,  till  it  ban  nbaorbed  ■ 
weight,  and  then  hentiug  it  for  a  short  time  to  IfiO^C.,  or  by  inuaws 
liouc  in  flowers  of  aulphur  beuUd  to  ISO-',  nad  ke«piii(;  up  tUat  tempsn 

ShuratioD  ia  completa. — 2.  B;  immeralng  th«  caoutchoiu  id  ft  mixture  of 
9  of  carbon,  sad  2-5  protochloride  of  anlphar,  uud  tlieo  pluogiag 
to  decompose  the  eiceai  of  chloride  of  aulphur. — 3.  By  iiumeniiig  ait 
houc  alreiidj  miiuufiictured,  in  ■  tolution  of  poljeulphide  of  calcium  i 
aumi,  lEeeping  them  iait  for  three  houn  in  n  doKd  TeBsrl  at  14(r^C..  s 
ig  them  with  weak  alluline-lej  of  60'  liin.  This  procoea  alvaya  ;ii 
jnouol  of  aulphuration. — 1.  By  powdering  100  pla.  iJ  the  caaatchoor  u 
>,  with  a  mixtuie  of  1  pta.  flowtn  of  aulphur  and  £0  pta.  alaked  iime,  pn 
■.a  rullem  bo  aa  to  incorporate  it  Ihorouiihlj  with  the  powdfT,  then  wo 
irious  tJabrici  by  the  oioal  proccsiies.  and  I'iposing  the  finished  ftrticla 
»  the  action  of  Tapoor  of  water,  tiy  Ihia  last  treatm^it,  the  auifuce 
houc  eiperienus  a  kind  of  waahiog,  which  removes  the  eacvB  of  aul|j 
n.  and  brings  it  to  the  exact  degree  of  sulpliuratloa  required. 
1^  Tud  Caoutchvue.  Ebvnite.  —  Caoutchouc  mjy  be  hanlened  and  lendr 
le  of  polish  by  mixing  it  in  the  kneading  machine  or  betweeo  mllei 
9  weight  of  aulphur,  rolling  the  mnsa  into  f-iitets.  luid  bcatiog  it  for  tw 
'  C,  and  then  for  four  hours  to  loll^  At  the  latter  temperature,  the  m 
led;  when  cold  it  maybe  cut  like  ivory.  It  serrea  for  the  manufs 
,  knife-hanJles,  buttons,  &o.  It  is  also  pnuMixioeutly  diatingniahed  by  t 
ty  of  electricity  wiiich  it  evolves  wlica  rubbcl,  and  u  therefore  at 
d  for  the  pluteo  of  electrical  machines.  It  ruiiKta  the  action  of  solvri 
)bBtinately  than  elastic  vulcanined  cuouli^lniuc,  SLurctly  ereo  awelling  i 
aed  in  suijmide  of  carbon.  (For  a  full  account  of  Ihe  maniifacture  an( 
houCiboth  ordinary  and  vulcsnisBd.  see  Un'i  Di- th'tiarf/  i.f  Artt,  Maat 
liiu;  L  681—604.  MurpraUa  Clu;m,trg,  p.  441— ill.  Payen.  I 
:  IiiduitrUU,;  f-  i-i.  L  13i)— ISl.  Baiidm  d.  (Men.  2f  AuH.  U.  [2)  B3I 
le  ELATXBrri. 
Empyreumatic  oil  of  caoulcbone  (p.  739). 
Sea  CxFFiKis. 
VaOVIOBXTB>  SyiL  of  Sam  or  IliUBABntujr. 
»rLt»tTT.  The  BUi&ce  of  a  liquid  at  rcbt  ia  horizontal,  eiccptin 
ea  in  contact  with  the  sides  of  the  vt-s.iel ;  llieiv  it  is  curved,  being  conca 
weta  the  vessel,  convex  in  the  conlmrv  case.  Moreover,  if  one  end  of  i 
e  dropped  into  the  liquid,  the  level  of  the  liquid  within  the  tube  ia  not  I 
t  without,  but  highcrif  the  hquid  wets  the  vessel  and  BHumea  a  concave 
if  it  does  not  wet  the  Tessel  and  forms  a  convex  surface ;  thui  water, 
vik,  Itc,  rise  in  nanow  tubes  of  glsss,  mplaL  or  wood,  having  the  inna 
b«t  if  the  surface  is  greased  ao  that  the  liquid  cannot  wet  it.  dept«ssi< 
inatead  of  Blevation :  mercury  is  also  de  presned  in  tubea  of  glaaa.  bat  i 
be.  to  which  it  can  adhere.  The  phenomenon  ia  called  capilUrit 
1,  a  hair),  because  it  is  most  conspicnous  in  tubes  of  veiy  fine  boi*.  Hie 
ei,  eilnaded  to  all  the  alleralions  of  level  and  form  of  mrftce  which  li 
I  contact  at  liquida  and  sohds.  The  cuired  surface  of  the  liquid  wi 
soalkdameuiacua. 

:  amount  of  elevation  of  a  liijuid  in  capillary  tnbee  ia  measured  I^  rei 
he  catbeiemelar(»l*i<«cope  moving  up  and  downavertical  scale,  p.  Z74), 
1  of  the  lowest  point  of  the  menisciiH,  then  the  height  of  aflne  metallic  point 
f  in  contact  inth  the  surfiice  of  the  liquid.  In  making  this  Ian  obaervs 
IS  brought  down  to  the  surface  of  the  bquid,  till  it  exactly  coincides  wii 
I  image  therein,  and  a  small  quantity  o/the  liquid  ia  then  removed  with  i 
Xi  leave  (he  extretnity  &ee.  Another  Bode  of  observHtinn,  adopted  cl 
ring  the  dcpreaaion  of  mercury  in  ghua  tubes,  is  to  place  the  liquid  is  s 
ine  arm  of  vhich  ia  of  capillaiy  bors,  while  the  other  is  wide  eaongh  t 
tOHtioD  of  lavrl  due  to  capillarity  imperceptible.  The  difference  (tf  kn 
nm  is  then  read  uETwith  Uje  catbetometer. 

theM'  metliods  it  has  been  found  that  the  elevation  or  depressina  of  lit 
iry  tub*a  is  n-|.-ulatsd  by  the  following  Uws : 

n  a  tube  of  riien  diameter,  the  antounl  of  elevation  or  depreesjcn  depeadsi 
'  of  tbeliquiil,  andnot  at  utl  utum  the  nattim  or  thf  t>ii\'kne>w  of  the  ma 
b«,  the  nature  of  the  tube  merely  determiuii^  whcthi^r  iiie  liquid  shall  be< 
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sording  u  Iha  taba  ii  or  ii  Dot  wsttcd  bj  it,  but  not  afiretiDg  thi 
t  et  BleratioD  or  dtfgiion  -nxvM  with  the  tgmpetatBre,  but  Dot  accord- 
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B1»S  B°a  ISI-lSmm. 

B13G  16    „  e-lS   „ 

3SBS  10   „  IS'Ol   „ 

Bill  8   „  12-01   „ 

now  cylindrical  tqbea,  the  anraoDt  at  eleratiao  or  depna«ion  of  BgifM 

tamAj  aa  tha  dtamaCal  of  thr  tuba, 

ilu  apace  fodaacdbetireea  a  vide  c^li&drieal  tube,  aod  a  aolid  ejliodei 

-  it,  the  beight  to  irhich  a  liquid  ruet  ia  kiJf  that  to  which  it " 


9  height  lo  whiGh  a  hquid  riaea  ia  hah'  Chat  in  ■  cjlindricsl  tabe  whoM 
il  to  the  width  betwepu  the  [lUtea. 

;  Ul>l«  xbuwa  tliF  height,  na  datennioed  Irf  FrsDkeDheim  (^ogg. 
.  to  which  diiFflrant  liqnida  riaa  in  cjlindneal  tobea  of  1  miUimatra 
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TJ  of  capillai;  phenomena,  we  mut  refer  to  worka  an  phraica  (Bid. 
i  dtr  Fkgtik  u„d  Mtttoralogit,  1BS3,  L  91). 

S>  One  of  the  conatitneota  of  beech-tir,  flrat  aepanCod  bjr  Baie  hen- 
lem.  L  1).  Acoording  to  Volckel  (Ann.  Ch.  Phirm,  Ixutj.  99), 
tained,  together  with  ereosota  and  another  oil,  in  Ihi'  portion  of  wood-tai 
in  potaah.  and  on  diatillipg  the  alkaliDe-liquid,  c.ipuomor  paaaea  OTei 
of  water.    It  ia  partly  partly  formed  by  thu  decompoaition  of  the 

rleaa  oil,  haTicg  a  peraliar  odonr,  rather  lighter  than  water;  boib 
id20S°C.  InaoTnble  ID  pare  water  and  in  potash,  but  diaaolvea  partially 
I  likewise  preaenL  Contains  SI'S  carbon  and  T'8  hydrogen;  pM-hapa 
iaaolTea  in  strong  snlpharic  acid  with  red-purple  cokwr;  the  solution 
f  water  and  then  contains  a  conjugateil  acid.  Nitric  add  conreita  11 
.  oxalic  acid  and  another  ciystalliae  snlwtaTioa. 

kWtTK  AsilicateofcsldnniandalaniiniaiiifoiindiDseTersl  locolitio 
th  in  ndiated  lamina  and  in  crystals  belonging  to  the  manoclinii 
(a  perfectly  piirallel  to  OP  and  sPao,  e^sy  also  parallel  to  «F.  ll 
lolour  with  nacreous  lustre  ;  transparent  only  in  thin  lamiD».     S|jecifl( 

HardneBB  ■■  3'fi.  It  iplita  easily  into  thin  acicular  trugnieaU.  It 
when  heated  in  a  tube ;  and  melts  with  iDtnmcscence  to  a  white  enamel 
pipe.  DissolTes  easily  in  acids,  with  a^iaratioD  of  gelatinous  silica.    AC' 

eraon'a  analysis  (K.  Ediah.  Phil.  J.  zxxir.  21),  it  eoataios  S3'8  SIO*, 
I  Fe'O',  11-8  Cb*0,  1-1  K>0,  02  Na'O,  0*  Mg'O  and  131   H'L 
sing  neady  with  tha  fbrnola  Ca'OkAl'O'.tSiO'  -f   Saq.      It  appesn 
of  ^omontite  formed  by  weatbenng. 
I  SPISOaAi    A  ahrub  gmwina  in  Uie  aooth  of  Eoropc^  the  root-bail 

to  coQtain  a  nentcal  bitter  pinciptr  of  sharp  irritating  taste,  anil 
uin.  The  BowCT-bacIs  pi.Ucd  in  salt  and  raa^  fona  capers.  Ilv- 
ir  thpj  yield  a  distillate  hurii^  an  allirtCfous  Odoor.  After  they  haT< 
th  cold  water,  hot  water  eiitn.it«  frooi  them  eaprio  acid  and  a  gelrtinoui 
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ilanceof  liie  pectin  groap.  Capric  acid  ii  BomeUmca  fennd  depoaited  OD  til 
he  bndain  wtiiteapecks  ha-ring  the  appMronee  of  «uc  (Rochleder  am 
AVBA&i    A  l«nn  applied  aometiinefl  to  cafroie,  aometiiiUB  to  eapae  i 

those  compoondi). 

lAVm&mBm.  Caprinamide.  CH^'KO  "  N.C'H^^.— Tbe  prima 
Bpric  acid,  prodnced  b;  the  action  of  etrong  ammonia,  on  an  aleoholie  sol 
rate  of  ethyl.  When  purified  by  cryitolliaatioD  from  alcohol,  it  fonni  e 
iiDg  cryatiLUine  scales,  which  hsTC  a  silky  lustre  when  dry,  an  iuaolabla 

in  aqueous  anunonia,  but  dissolve  readily  in  alcohol.  (Rownej,  Ann.  Ck 
it  231.) 

lAMUO  AOXD.  Birfie  Acid.  C"H»0'.  (Qm.  kt.  iS6.)—'nua  wid 
«Ter«d  by  CbeyTonl  in  the  bottei  of  coVa  milk.    It  is  contained  in  eocoi 

in  several  kinds  of  fusel  oil ;  it  occnn  smons  the  producta  of  the  distil 
c  acid  and  of  chaloidic  add,  and  is  also  formed  by  the  oxidatian  of  olsic 
>il  of  me. 

Lccordin^  to  Bowney,  it  is  obtained  pure  and  in  tolenble  qoantitT  from  tit 
ch  remains  in  the  distillatioD  of  fusel  oil,  aft«i  the  amylic  alcohol  haa  div 
l32°  C.  The  capraic  add  is  pi«aent  as  caprate  of  amjl.  When  thianad 
ipoaed  by  boiling  with  caustic  potash,  the  amylic  almhol  distils  over,  and  th 
(aios  capiate  of  potassium.  On  the  addition  of  hydrochlorie  add,  c^ffii 
vated  as  an  oily  mass,  which  is  washed  with  water  and  dissolved  in  dil 
lia.  The  taprate  of  smmoninm  is  mixed  with  chloride  of  bsrioni,  and 
ible  bariom-siUt  which  predpitales  is  filtered  offj  washed  with  cold,  and  disi 
ling  water :  on  cooling,  cnprate  of  barium  is  deposited  almost  pnT&  To  o1 
1,  this  salt  is  treated  with  carbonate  of  sodium,  and  the  suation  of  n 
iom  is  filtered  from  the  carbanate  of  barinm,  then  decomposed  with  sulplj  r 
ch  throws  dawn  capric  acid  almost  calonrlcMt  and  in  the  solid  tram.  It  u 
solution  in  alcohol  and  reprecipitation  by  w^cr. 
?he  Cu'RATis  are  mostly  difficultly  soluble  in  water. 
lapratee/  Bariun,  Ba^CH'^O')',  is  almost  insoluble  in  cold,  hut  s- 
ting  water,  from  which  it  separnles  in  needle-shaped  or  large  priraiatie 
ch  Boat  on  water  if  not  moial«ned. 

lapra'.tof  Calcium,  Ca''<C"H'iO')',  falls  as  s  white  insoluble  pnwt 
mts  of  ammonium  is  mixed  with  chloride  of  calciom.  It  is  more  difficulll 
niling  water  thun  the  barium-salt,  and  crvstallises  in  bMutifuI  lustrous  li 
7aprale  of  Magntiivm  ressmblea  the  caldiim-Mlt. 
lapTatt  of  Lead  a  predpitated  as  •  white  amorphous  powder  whm  c 
ium  is  mixed  with  acetate  of  lead.  It  is  very  little  soluble  in  boiling  alec 
"Caprate  of  Silver  a  prodpitatod  on  the  addition  of  nitrate  of  silTpr  to  c 
nonium.  It  is  but  sli^ntly  soluble  in^boiliog  water,  and  is  deposited  on  c 
die-shaped  crystals.  When  moist,  it  is  readily  changed  by  exposure  to  ]i( 
Japralt  of  Sodium  is  readily  solnble  io  water  and  alcohol.  On  evapors 
ained  as  a  homy  muss,  presenting  traces  of  oystallisation.     It  is  easily  si 

absolute  alcohol,  forming  an  opalescent  mass. 

^nprale  of  Ethyl.  Capric  ethfr.  C>'E'\CE})0\  U  formed  by  dissoivi] 
1  in  absolute  alcohol,  saturating  the  solutJoii  witji  dry  hydrochloric  add 
n  mixing  with  water.  It  separates  as  an  oily  layer,  which,  when  was 
er.  forms  a  colourless  liquid  of  specific  gravity  0862. 
U^mXO  AKSSBTlUi.  C"H"0.— The  aldehyde  of  caraie  add  has 
D  obtained  with  certainty.  It  was  formerly  supposed,  accorrling  to  the  r 
rhardt  (Ann.  Ch.  Phys.  [3]  ixiv.  S6)  and  Waaner  (J.  pr,  Cbem.  xiri.  ISS 
je  the  chief  constituent  of  oil  of  rue,  bat  acconling  to  Qr.  Williams  (Ph 
18,  p.  199).  this  oil  eongiats  mainly  oi  tuodic  aldehyde,  C"H=0.  This  rean 
regards  the  quantitutive  eonatitafioa.  has  been  confirm ed  by  Hallwachs( 
irm.  cxia  107),  who.  howerer,  maintains  that  the  body  CHtK)  is  not  an  > 
wording  to  more  recent  statements  by  Wagner,  on  the  contrary,  oil  of  nie 
ric  aldehyde,  and  forms  with  ammonia  a  compound  which,  when  treated  1 
■drie  acid,  yields  thioeaprie  aldthydt,  C"H"S"N',  and  with  hydrochloric  an 
c  acid  a  compound  hom' '""    '  ,„     n  -   ^ 

11  "1.) 

tU^    See  CAFiuiimi. 

tl^K    Syn.  with  CaroBCUinTB. 
Ryn,  with  Hexyleh^  CH". 
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Caprcatt  0/  Mag»eiiiim.'M^(CH"0')*  +  2  Bq.,  oyrtnllisM  in  inuil 
gmtad  Dsedlei,  vhich  retain  1  at,  of  wKtor  when  bested  sboTC  100°  C. 

Caproate  of  Patatiium,  C^"KO',  i>  obtained  by  the  ipoiiUiMOU  «T^ 
of  ita  eolutioD,  u  a  tnnspannt  jell;,  which  becmnea  opaque  whan  wanscd. 

Ccproalr  of  Silver,  C*H"AgO',  ia  obtained  bj  predpitatiag  an  aqneons 
of  the  biKma-salt  with  nitrate  of  ■ilret',  at  a  vhite  precipitate,  aparinglj  w 
cold  wafer.  After  being  witahed  ont  with  oold,  and  then  diasolved  u  boiluig  1 
(pparateia  on  cooling  in  nmgnifireat  tsyelallioe  laminis,  which  are  aiulteredbj 

Caproatr    of   Sodium,   C*H"SuO-,  rcaemblea   the  potiaaium-compoDL 

scullikca   ia   inoapu'ent 
c&Pmozo  AXrOOMOK.    See  'Bxntxa  Auwmoi. 

OAVmOZO  AKIIMMTII&     Eydride  of  Caproyl.     C^'K)  —  CVO.H 

compouad  appears  to  be  prodneed  in  imall  qnuititj  id  the  dry  ilistillation  of  cap 
caloinm  or  barinm,  being  found  chieflj  in  the  flrrt  portion  of  the  duitlllflte  obtj 
the  lectilication  of  crude  capronn.  (Braiier  andtiottletb,  Ann.  Ch.  Phaim.  b 

CAMMIO  AMXTUKZSH  or  Anhi/droia  Caproic  Acid.  C"H^'  -  {Ci 
— Accoidicg  to  ChiozzA,  this  bod;  ia  prepared  by  placing  6  at  caproate  of  ba 
a  retort,  and  gradiull;  adding  I  at.  aijchloride  of  phosphoraa.  The  loaaa  I 
warn  and  pasty ;  on  cooling  it  ia  extracted  with  pore  ether ;  the  ethereal 
ia  agitated  with  weak  potaih,  then  dried  OTet  chloride  of  calciDia ;  and  fioallT  tJ 
ia  eraporsted  in  the  water>bath. 

Cio^roic  anhTdride  ia  a  neutral  oil,  lighter  than  water,  and  with  an  odour  re* 
ca|noic  aeiil.  When  heated  it  Tolatilisea,  emitting  an  aronutic  odour,  and  U 
al^ht  carbunaceooa  mridue. 

O&FmeiO  BTMSSS.     Capnate  of  MeUtyl,  t;^ii(CH>)0>,  ii  obtaintid, 

3;  to  Fehline.  by  mixing  S  pt«.  each  at  eapnne  acid  aod  of  wood-enrit  with 
phuiic  acid,  and  ^tiy  henting  the  raiitura.  The  liquid  is  mixed  with  wb 
the  saperoatant  oil  11  waahed  with  water  and  dried  over  chloride  of  cbIci'dbi 
a  eoloorlHs  liquid  afspecificgiBTit;  0-8977  at  IS°C.;  boila  ati6U°C.  Ita 
denaijr  i«  1-633. 

CapnaU  of  Eth^l,  CW\CV)(y,  ii  obtained  like  the  preceding  oompouni! 
a  InnniBrecit  liquid,  with  a  pina-apple  odour,  aomewhat  rewmhling  bntvrie  et 
not  so  delicate.  lU  apeeiAc  gravitj  i»  0-882  at  18°  C,  and  it  boila  at  1820  C. 
pomvdenaitj  ia  4-67. 

Capr-aU  of  AinyK  CTI"(C»H")0'.— Crude  esproic  acid  (pi^parwd  bv  Pr 
Hurl  Kolbe's  method),  the  greater  [Nirt  of  which  piuees  over  at  1SS°C.,  contain 
mixture  of  caproate  of  amjl  Od  continuing  Iho  distilktion,  it  pa»e>  orer  at 
Jl  maj  also  be  obtaiDed  bj  neutralining  the  crude  acid  witii  carbonate  of  po( 
B-iiereupoD  it  remains  jmdiBsolTed  a»  an  oilj  laver.  Eemoved,  dried  orer  chi 
L-ali-ium,  and  rectified,  it  ii  obtained  pure,  and  of  Wnistant  boiling  point  at  211' 
in  insoluble  in  water,  but  soluble  in  all  proportions  in  alcohol  and  ether.  It  ia 
posed  by  potaeh  into  caproate  of  potaaaium  and  amylic  alcohol 

OA»K€»W»  CH^O  f  When  caproate  of  barium  ia  submitted  to  dcstrurt 
tillation,  tritjlene  and  other  gases  are  given  off;  and  a  colonrleaa  oil  pnasoe  re 
thia  pa  be  dried  and  lectifled.  it  begins  to  boil  at  120^  C,  and  the  thcnnomel 
mately  rises  to  160°- -170°  C.  By  rcctifloation,  a  product  ia  obtained,  boiUi 
stantlyatl65°C.  It  ia  a  colonrleaa  oil.  lighter  than  and  insoluble  in  water  and 
»  peculiu  odoor.  It  is  readily  aolable  in  alcohol  and  ether,  becomes  hKiwn  in 
and  ia  attacked  by  nitric  acid  even  in  the  cold,  nitrotidrTiB  add,  CH'(NO-)0 
ai^irontty  {brmed. 

The  boitiog-point  of  this  compound  (lfl4»  C.\  diflfem  widely  ftam  that  eaku)i 
eapn>D^  232°,  and  it  is  hence  doubtM  whether  it  ia  the  trae  esprone. 

CAVBOWZTmna.  C*H"N.  This  compound,  which  contains  the  elen 
caproate  of  ammoninm  minia  water  [CTI"(NH')0«- SHK)],  has  not  been  o 
directly  from  that  imli  The  isomeric  (or  identical)  compound,  cyanideof 
C>H".CS,  ia  obtained  by  heating  an  alcoholic  aolntion  of  iodide  of  arayl 
Iwiling  point,  with  excess  of  cyanide  of  polaaaium.  (See  CrunoES  of  'Ai 
Radiclbs.) 

OAVSt^Tfmk     A  name  applied  by  Weltiieo  to  tho  radicle  (?H",  which  i 

siippoeed  to  exiat  in  caproic  aldehyde,  C>H".H.O.  and  in  cnprone,  CH".C*H".( 

0*»««Tt  'or  Cnproii,,!.  Bccordinff  to  Weltiien),  C^"0.— The  radicle  of. 

add  aud  Its  denraii  i>-B :  c.  g.  caproic  acid  -  OH  "0.H.0 ;  c^roic  aMebyd*  OH 


746     CAPRYLIC  ANHTDEIDE  —  CAPRYLIC  ETHEl 

Dachkner  (Ann.  Ch.  Phum.  cvL  370),  who  ttmri  it  u  an  acrtone.  lii 
mniinthyl,  CH'.C'H"0.  Aceording  U>  Bonis,  tie  aldehyde  is  fonaeii,  tO] 
an  acid  (C'*H"0'),  and  without  eToiutioD  of  gaa,  chiefly  when  castor-oil  ta 
heated  to  a  lemperatnie  not  exceeding  22£° — 230°  CX.  and  withont  excca* 

Cm-O'  -  (?H"0   +   CH'H)'; 

Hiclnoleic  CprjlU:  V»w  tcU. 

Kid.  (JdThjda. 

whereas  if  the  aoap  be  qoickly  and  itroogly  heated,  eapedallT  witb  eice 
fajdrogen  is  abunilantly  eTolred.  and  octjlic  alcohol  ii  produced,  together  < 
acid  (see  page  98).  Malagnti  obtained  Bometimea  octylle  alcohol,  somelit 
aldehyde^  but  alwaja  aebacie  acid ;  he  ezplaina  the  fomution  of  Uieae  prm 

C"H"0'  +  HK)  +   0  -  (?H"0  +  CRiHy 

Biclnolgle  Octillc  Scbtdc 

CH**©*  +  0"  -  (?H"0  +  (yWO* 

I  aebaeic  add 

Capijlic  aldehyde  is  abo  produced  by  HijUlllng  ■  mixton  <^  capiyial 
of  calcium  (Limpricht): 

To  prepare  pnre  capijlic  aldehyde,  the  cmde  dietillate  obtained  by  he* 
oil  eoap  with  eicesa  of  hydrate  of  potaaaiam,  is  treated  with  a  atrong  aqnr 
of  acid  mlphiW  of  •odium ;  and  tlia  resulting  ciyslnUine  mass  is  repesb 
between  paper,  washed  witi  alcohol,  dried  over  Bulpharic  add,  and  di»» 
water,  whereby  it  ia  decomposed,  and  caprylic  aldehyde  set  free  :  it  is  the 
chloride  of  calciom  and  tectificd.  According  to  Bouia,  it  is  belter  to  distil 
BoapjMr  u,  or  better  alill,  tbe  barinm-aalt  formed  &om  it,  beesoae  the  lat 
frollL 

Capiylic  aldehyde  il  a  colourlrai,  atrongly  nFracting  Uqnid,  having  ] 
odour  and  caoetic  taste.  Specific  eranty  OBIS  at  1U°C.  (Bonis).  £ 
178"  (Limpricht);  171*  nnderordinarjpresaure  (Bonis).  It  is  insoln 
It  bnma  with  a  bright  non-amokinp;  flame ;  becomes  acid  when  warm  air  < 
passed  through  it  (Bonis);  and  la  riolently  oxidised  by  nitric  acid,  wit 
of  capirlic  acid  and  other  fatly  acids ;  chromic  acid  also  partly  conTert 
acid.  Heated  with  solid  potash,  it  forms  a  brown  spongy  mass.  With 
nitrate  of  silver  it  forms  a  metallic  minor.  With  pentochloride  of  plio«pb< 
chloride  of  octylene,  CWCW 

Capiylic  aldehyde  unites  with  acid  snlphitee  of  slkali-metals.  without  ri 
/ature.  The  compounds  are  insoluble  in  excess  of  the  acid  snlphite,  anil 
p<»ed  by  water.     The  sodium-Ball  eontiins  2C"H'*0.2NaSO'.80'  +  3aq. 

C&PKTUC  AVKT9BZ11M.  Anhi/dro!aCapri,tieacid,C'^'*C^.= 
— This  body  is  olitiilned  by  treating  B  at.  caprylale  of  barium  with  I  at.  of 
of  phiif<phoruB.  Much  heat  is  disengaged,  and  the  mixture  ia  changed 
mass,  developing  a  peculiar  and  unpleasant  odour,  which  probably  arises  E 
of  caprjljL  From  this  pasty  mssa,  the  anhydride  ia  eifracl«d  by  trc 
etber,  which  most  be  &ee  from  alcohol.  The  ethereal  solution  is  ^tated 
potash-ley,  in  order  to  remove  capiylic  acid,  and  then  dried  over  chloridi 
On  the  evaporation  of  the  ethereal  solution,  the  anhydride  is  left  aa  a  des 
lighter  than  water.  When  freshly  prepared,  it  has  a  sicldy  odour,  wl 
evident  when  it  begins  to  pass  into  capiylic  acid.  When  beated,  it  givM 
which  attack  the  throat,  bnt  have  an  aromatic  odour.  In  a  freezing 
solidifies  to  a  wbito  mofls  of  imperfectly  ciystalline  teiture.  It  begin; 
280"  C,  the  temperature  gradually  increasing  to  290",  when  the  liquid  ! 
compose.  Boiling  water  doee  not  convert  it  into  caprylic  acid,  but  when  1 
time  in  contact  with  moist  air,  it  grndually  changes  into  that  suhstuice. 
gradually  changes  it  into  capryLic  acid.    (Chiozza,  Ann.  Ch.  Pharm.  Iiu 

OAntTUO  wrmmmm.  CapryUtf.  of  Mtlhyt.  CH'^CH')* 
when  caprj'lic  acid  dissolved  in  its  own  weight  of  mcthylic  alcohol  is  m 
quarter  of  the  weipht  of  sulphuric  acid-  The  liquid  immediately  bfeomM 
ihe  eaprylate  of  melliyl  forms  a  light  oily  layer  on  the  snrfaoe.  It  is  remn 
with  water,  and  dried.  It  is  a  colourless,  highly  arom-itic  liquid,  with 
wood-apirit.  Its  specific  gravity  ia  0-882.  and  Tapnur-dtmlfy  5'49.  Il 
•olnblo  in  water,  but  dissoivoa  readily  in  alcohol  and  in  ether,  (Fcblii 
Pharm.  liii.  405.) 
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giving  off  uiir  pennanent  gaa ;  Tmpour  of  wst«r  ii.  bovertr,  erolTcd,  ec  ntoL 

of  acetic  uid  aod  iia  oily  mbitsnni.  When  tha  tnmefactioD  hu  ceased, 
ii  fouDd  to  contain  a  black  nbstancc,  which  dlHolvM  eompletelf  in  val 
eanmeL  To  obtain  it  pnra,  it  ii  disaolTed  in  a  sniall  qnutitj  of  water  and  | 
b;  alcohoL     It  ma;  also  be  obtainpd  from  glocoae,  bnt  not  so  rcadU^. 

Caramel  when  pore  ia  Insipid ;  ita  aqneoua  aolution  haa  a  rich  septa  tint. 
wdnble  in  alcohol ;  does  not  ferment  onder  ths  inflaenoe  of  ynut ;  it  yir 
precipitates  with  ammoniacal  acetate  of  lead  and  baiyta-water.  When  stfoi 
It  jields  the  same  products  as  sugar.     (PAligot.) 

Caramel  was  lonf;  regarded  as  a  simple  proximate  principle  of  tha  formal 
the  preeipitat*  which  it  forma  with  baiyta-wafer  having  the  composition  ( 
BuL  aeconling  to  Q^lia,  oiramel  prepared  as  above  is  a  mixtnre  of  (ever 
aabstonces,  some  aolable,  others  insolnble  in  water,  amongst  which  he  parti 
linpiishes  three,  vit  caramtlcaif,  C"H"0'.  caramrltne,  C"H^K)",  and 
C"H'*'0".  All  these  aubstancM  are  produced  from  sogar  by  elimination 
DMnta  of  water,  the  atomic  weight  being  at  the  same  time  increaaei^  thus : 
8C"H«0"  -  37HK)  -  (TH'-O" ; 

and  by  keeping  sugar  fbr  some  time  at  ieO°  C  th«e  prodoMs  ma;  be  ot 
after  the  ouer.  If  crystallised  cane-sugar  be  used,  the  residue,  after  10  p 
been  given  off  as  water,  conaials  of  nenrly  pore  caramel  an  e;  after  14  or  . 
haj  gone  ofl^  the  residue  is  rich  in  caramelene  ;  and  after  a  loas  of  20 
eonaists  almost  wholly  of  caramelin.  Qn^ie^ugar  yields prodocta  nearly 
but  not  identical  with  these. 

e  by  digesting  ordinary  a 

I  il  completely,  s '■      - 

amounting  to  10  per  cent;  treating  the  solution  (whicn  a 


pure  by 


Bnt.  alcohol,  which  somstimea  diasolvea  it  completety,  sometimes  lean 


Somposed  sugar,  and  sometimes  a  little  caramelene)  with  jeast  to  decompos 
fermentation ;  evaporating  the  filtrate  to  dryness ;  rediasolving  in  alcr 
>n  leavee  the  caramelene  undiaaolred  ;  and  evaporating  the  aolutiou. 
Car&metane,  tj>  which  ordinary  caramel  chiefly  owea  ita  charmcteriatic  pj 
a  brown  subsliince,  hard  and  brittle  at  ordinary  temperatures,  veiy  soft 
odourless,  with  a  strong  bitter  taate,  deliquescent,  very  soluble  in  water, 
soluble  in  aqueoua  alcohol,  sparingly  in  absolute  alcohol.  Insoluble  in  ether, 
cnpric  oxide  in  aUaline  solution,  also  gold  and  silver  from  their  salts, 
converts  it  into  oxalic  acid.  The  aqueous  solution  does  not  precipitate  me 
The  alcoholic  solutioD  forma,  with  an  alcoholic  aolutlon  of  aentnj  acetatj 
yellow  precipitate  containing  C"H"Pb"0" ;  with  an  ammoniacal  solutjoo  ( 
lead,  added  in  sufficient  quantity  to  produce  complete  precipitation,  il 
oomponnd  C"Hi'Pb"0".Pb  O  ;  and  with  excess  of  a  solntion  of  baryta  in  ■ 
a  precipitata  containing  C"H"Bft'0*.B»''0.  At  !90"  U.  ciunmelane  give*  ol 
paasea  into  caramelene  (Gills).  VSlckel  (Ann.  Ch.  Pharm.  Ixxiv.  fiB) 
t»rm  caramrlanr  to  the  black  remdno,  insolnble  in  water,  Wt  on  heatii 
2o(l=— 300°  C.  This  lesidoe  ia  insoluble  in  alcohol,  sparii^y  soluble  in 
haa.  according  to  Vilckel.  the  eompoaition  C"H"0".  It  ia  peihapa  identic 
aubetuuce  here  called  caramelin. 

Caramelene  C"H"0'*. —  The  residue  left  afler  tieating  caramel  witi 
Hi  percent  conlams  caramelene,  which  may  be  exlxacled  by  cold  water, 
rated  trom  the  solution  by  evapofation  or  by  precipitation  with  absolute  s 
freed  from  a  amiill  quantity  of  admixed  caramelin  by  rodiseolving  it  in  wi 
aolid  and  brittle,  of  the  colour  of  mahogany,  not  hygroscopic,  eaaily  solub 
(exhibiting  a  colouring  power  eii  times  as  great  as  t^t  of  caramelane)  am 
aJcohol,  sparingly  in  strong  alcohol,  and  insolnble  in  ether.  It  reduces  ci 
from  an  wkalioe  solution,  and  is  oonverted  by  nitric  acid  into  oxalic  add.  '. 
eompound,  precipiMted  hv  alcohol,  is  compospd  of  (."'H'-lia'IC,  Wiih  1« 
the  three  compounds  »*H"Pb-0",  C"H''l'b"0».3Ph"0.  and  CH-PbO^- 
CaramiUn,  Cll"*^",  exhibits  three  iaomeric  modlfioafions,  via.  J, 
W"ler;  fl,  insolohle  in  water,  eoluhle  in  other  liquids  ;  C,  insoluble  in  al 
Bolvenls.  The  modificationa  S  nnd  C  are  oonlained  in  the  re^idupa  left  afl. 
rammel  with  cold  water;  and  from  these  ppsicluef  B  may  be  extracted 
water  (B  then  passing  into  ,*)  by  BO  per  cent,  alcohol,  or  l^  alkaline  liquii 
melin  separatee  from  a  hot  aqueous  solntion  on  evaporation  in  filma,  l^  pr 
with  alcohol  as  a  copious  precipitate,  but  in  both  caaes  as  the  modification  B: 
when  precipitHled  by  acids  from  alkaline  Bolulions,  But  when  caramelin  i 
or  even  left  f.ir  soipral  days  in  the  moist  stntp.  it  piiiww  I-ii^  the  modiflrafa 
!•  then  insoiubie  in  all  solveala.    Caramelin  B.  wliicli  is  iiiwluble  in  cold  n 
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1.  B7  tbs  BC^li  of  chloride  of  cymnogeB  OD  the  aloohob: 

CH*.H.O  +  CN.a  +  HK)  -  ^'^^rjo  +  HO 

Cirtjftimc  acid  in  which  tha  vhole  of  the  oirgen  i*  ir^aced  bj  tolphai 

■nlphocerbemicadd,  CHANS' (;.<>.)  _ 

There  ia  iloo  an  ozjsalphocerbdmie  add,  the  ethjl-  lod  unyl-M 
bave  beeo  obtained,  ri(.  laDthamide,  ^m  f  ^>    '"^   isatha 

*'^l5^"  I  ^    (^**  *''""  articlee ;  abo  page  208.) 

CxRBiMiTM  or  Amioiiniii.  Attkydniiti  Carbonatt  iff  Ammenia. 
**^t^,  1 0.—  This  salt,  which  wu  diBCOvered  bj  H.  Davy,  and  ftirther 
bj  J.  DaTj  andH.  Kcae,  \a  proda<!«d:  1.  By  pajuing  a  mixtore  of  carbon 
and  ammonia-gsfi  through  a  number  of  glaas  tubn  cooled  to  a  h>w  temp 
wbntever  pruportion  the  gsMi  maj-  be  mixed,  they  always  nnite  in  the  p 
2  ToL  KU'  to  1  voL  CO'.— 2.  By  Bublimiiig  a  mistBre  of  cubonate  of 
relphaniato  of  ammonium,  N'H'SO',  both  perfoclly  diy.     (H.  Rose.) 

It  is  a  white  muss  which  anidte  of  ammonia,  has  a  strong  alkaline  leactio 
a  Lttle  aboTe  60°  C,  and  condeusfB  again  below  60°  The  specific  gravity  1 
W  0-8992  (H.  Rose),  0-90  (Bineau).  Sow  2  to1«.  ammonU  +  1  toL 
1-1787 +  ie2B2  =  270:19.  which  is  nearly  three  timee  the  observed  epecit 
the  vapour.  Hence  the  two  gases  appear  to  unite  without  condensation,  alt] 
eqnal  Tolnmes.  Probabtr  the  compound  ciiata  only  in  Uie  solid  etata,  ani 
by  heat  into  CO'  and  2S'H'. 

Vapour  of  aulphurio  anhydride  converts  carbamate  of  ammonium  into  st 
ammoninm  with  CToIution  of  carbonic  anhydride.  Heated  in  lulpburooa  s 
yields  an  orange-coloured  sublimate.  Hydrochloric  add  decomposee  it 
beat,  yielding  sal-ammoniac  and  carbonic  anhydride. 

Carbamate  of  ammonium  diesolves  readily  in  water,  jicldina  a  eolation 
thereactiensofneutndcarlxinateDf  ammonium,  from  which,  indeed,  it  differ 
elemauta  of  water  fN'H'CO'  =  (N'H')'CO'-H'0].  It  appeals,  howercrt 
«f  existing  in  solution  for  a  short  time  as  carbamate ;  for  on  passing  car 
dride  into  aqueous  ammonia,  taking  care  that  the  liquid  does  not  becoc 
resulting  aolution  doee  not  precipitate  ddoride  of  calcium  or  chbrido  of 
after  some  time,  nnlcaa  Iho  liquid  be  heated.     This  ci  ■      -  - 

chemical  analysis ;  thus,  in  deten&ining  the  amo      '    ' 
by  means  of  chloride  of  calcium  and  ammonia, 
■taud  for  some  time,  or  heat  it  to  the  boiling  point,  in  order  to 
of  the  carbonic  acid  is  predpitated  as  carbonate  of  calcinm.    (Eolbe.) 

According  to  H.  Hose,  tmlinaiy  carbonate  of  amnjoninm  prepared  bj 
often  coDtaina  carbamate.  (Gm.  iL  430). 

CiBBiitiTB  OF  Ajrn.  .^myl-uwiiawv  CH"NO'-CH^CH")NO».— 
Ann.  Ch.  Fhann.  IzxL  104.— A.  WaitE.  J.  Pharm.  [3]  zz.  22).— Obtaini 
ammonia  tn  amylic  alcohol  saturated  with  chlorocarbonic  Oxide,  and  was 
Bultine  crystalline  mosi  with  water  to  separate  sal-ammoniac  ;  OC  hj  pan 
chloride  of  ^anogsu  into  amylic  alcohol  and  distilling,  chloride  of  amjl  I 
OTCT  flrst,  and  afterwards  the  carbamate. 

This  compound  o^slallises  from  boiling  water  in  beantifol  silky  noedlei 
alcohol  and  ether.  It  melta  at  66°  C.  and  distils  without  alteratioc  at 
tilled  with  caustic  baiyta.  it  yields  ammonia  and  amylic  alcohol,  with  a  re 
booate  of  barium.  It  diasolvce  completely  in  cold  snlphuric  acid,  and  is 
there&om  b^  wafer.  Heated  with  aulphuric  add,  it  forms  amyl-tolphn: 
ammonia,  with  evolution  of  carbonic  and  snipharons  anhydridea 

Cajuuun  OF  Eran.  Urtthant.  CH'NO' -  Cff(C*H')NO>.  (Dnmi 
Phys.liT.  233.-  Cahonra,  Compt.  reud.  zxL  829.— Liebig  and  Wohle 
Pharm.  llv.  S70.— Gerhard t,  Compt  chim.  1B4B,  p.  120.— Wnrta,  C 
nii.  o08, 1.  Fharm.  [3J  xz.  19)  — This  compound  is  prepared :  t.  By  iesrii 
of  ethyl  in  contact  with  an  equal  volume  of  aqueous  ammonia  in  a  eoiked 
completely  disappears,  and  cTaporatiog  in  a  dry  vacuum. — S.  By  treatini 
bonate  of  ethyl  with  ammonia,  and  diHtilling:  the  action  is  very  violent- 
ordinary  BtiTJngth  is  saturated  with  gaseous  chloride  of  CTanogen ;  th? 
heated  for  scmp  hours  in  a  sealed  long-necked  flask  placed  in  a  wattr-hai 
liquid  when  cold  is  decanted  from  the  depositof  sal-ammoniac  arising  fpnui 
action,  and  distilled.    Chloride  of  ethyl  then  passn  ova  flnt^  then  aiovh 
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(p.  749),  after  which,  the  temperature  rises,  and  orethane*  passes  over,  condcDsing  in 
lamiiin*. 

Carbamate  of  ethyl  fonns  large  transparent  colourless  cn'stols :  evt^n  a  few  drops  of 
ita  solation  left  to  evaporate  are  sure  to  yield  these  crystals.  It  molto  below  100-  C, 
and  distils  at  about  180^  without  alteration  if  dry ;  but  in  the  moist  state  it  sufffn 
ttutial  decomposition,  eiving  off  torrenta  of  ammonia.  It  dissolves  readily  in  water, 
ibrming  a  solution  which  does  not  precipitate  silver-salts ;  also  in  alcohol  and  ether. 
Its  Tapour-denaity,  by  experiment,  is  3*14,  by  calculation  (2  vols.)  =  3*08. 

CABBAxan  OF  MsTBTL.  Urt  thylane.  C«n»NO»  =  CH'(Cn»)NO*.—  Obtained  Hke 
the  preceding  compounds.  Cr^-stallises  in  long  tables  derived  from  an  obb'que  rhom- 
Ixudal  prism,  with  very  elongated  terminal  faces.  The  cr)*stals  arc  not  deliquescent, 
Ihey  melt  between  62®  and  65°  C,  and  solidify  at  62°  when  perfectlv  dn*.  Boilinc-point 
1 77° C.  Vapour-density,  experimental  =  2*62 ;  by  calculation  (2  vol.)  ='2'60.  It  is  very 
■oluble  in  water,  less  in  alcohol,  and  still  less  in  ether.  100  pts.  of  water  at  11°  C. 
dissolve  217  pts.  of  it,  whereas  100  pts.  alcohol  at  16°  C.  dissolve  only  73  pts.  Dilute 
sulphuric  acid  decomposes  urethy lane  into  methylic  alcohol,  acid  sulphate  of  ammonium, 
nna  carbonic  anhydride : 

^•'CIP^^IO  *   H.'i  0'  +  HK)  -  CH..H.0  +  ^^,\o^  +  CO.. 

Strong  sulphuric  acid  blackens  it,  eliminating  sulphurous  anhydride  and  inflammable 
Potssh  decomposes  it  in  the  same  manner  as  dilute  sulphuric  acid. 


Cabbamatb  or  Tbtbtl.  C»H"N0*  «  CH«(C*H»)NO«.— Obtained  by  heating  te- 
tirlic  alcoholic  with  liquid  chloride  of  cyanogen,  best  in  a  sealed  tube,  distilling  and 
collecting  that  which  passes  over  above  220°  C.  This  distillate  solidifies  on  cooling  in 
m  etystalline  mass,  which,  when  recrystallised  from  boiling  alcohol,  forms  shining 
nacreous  scales,  unctuous  to  the  touch,  insoluble  in  water,  soluble  in  alcohol  and 
eth«r ;  they  melt  at  a  gentle  heat  and  distil  without  alteration.  (11  u  m  a  n  n,  Ann.  Ch. 
Phys.  [3]  xUv.  340.) 

SubttittUion-derivativeB  of  Carbamic  Acid. 

RrnnrCARBaiDO   Acm.     CH'NO* -^^(^^*)(^)'|  O.— This  acid,  isomeric 

with  urethane,  is  not  known  in    the   free    state ;   but   its   ethylammonium-salt, 

'^VLrTaiv^   Mo,  is  identical  with  the  so-called  anhydrous  carbonate  of  ethylamine, 

(CH'N)*.GO*,  obtained  by  passing  carbonic  anhydride  into  anhydrous  ethylamine 
cooled  by  a  freezing  mixture.  It  is  a  snow-white  powder,  whose  aqueous  solution,  like 
that  of  carbamate  of  ammonium,  does  not  immediately  precipitate  chloride  of  barium, 
unless  aided  by  heat    (Wurtz,  Ann.  Ch.  Phys.  [3]  xxx.  483.) 

Etkylearhamate  of  Ethyl  Ethylurethane.  C*H"NO»  =  C>H«(C*H»)NO'. — 
Prodnoed  by  heating  cyaaate  of  ethyl  with  alcohol  in  a  sealed  tube :  C(C^H*)  NO  + 
CHH)  ■■  C*H"NO' ;  sometimes  obtained  as  an  accessoiy  product  in  the  preparation 
of  eyanate  of  ethyl.  It  is  an  oily  liquid,  smelling  like  carbonate  of  ethyl.  Specific 
grmTitjr  0-9862.  Boiling  point  174 — 176°C.  Vapour-density  4*071.  Potash  decom- 
poses it,  forming  alcohol,  ethylamine,  and  carbonate  of  potassium:  C^H"NO'  + 
2KH0  »  C*H*0  4-  C*H^  +  K<CO'.  Heated  with  strong  sulphuric  acid,  it  yields 
eai-bonic  anhydride,  sulphate  of  ethylamine,  and  probably  also  ethylsulphuric  acid. 
(WnrtB,  Compt  rend  xxxriL  182;  Gerh.  il  929;  iv.  869.) 

JfsTHTL-OABBAiao  AciD,  like  the  corresponding  ethyl-compound,  is  not  known  in 

the  ■epmte  rtate,  but  form,  a  meth7l11m1nonium-B.lt,  ^   <S^°^  |  0-  "'"'''' 

maj  also  be  regarded  as  anhydrous  carbonate  of  meihylaminf^  (CH*N)'.CO' :  it  is 
Ibnned  br  passing  carbonic  anhydride  info  diy  methylamine,  or  by  distilling  a  mixture 
of  ftised  hydrochlorate  of  methylamine  and  carbonate  of  calcium.  In  the  latter  ease, 
however,  it  is  mixed  with  carbonate  of  methylamine.  (Wurtz,  Ann.  Ch.  Ph}'s  [3] 
xxx.  460,  461.) 

^pHBTTL-CiBBAiac  AcxD.  CarbanUic  Acid.  Anthranilic  Acid,  C'H^O'  «= 
HH(OT»)(C0)"|q     (Fritzsche,  Ann.  Ch.  Pharm.  xxxix.  83 ;  Liebig,  ihid,  xxxix, 

01 ;  Oerland,  Chem.  Soc  Qu.  J.  ▼.  133.) — This  acid,  which  contains  the  elements  of 
1  it.  carbonic  anhydride  and  1  at.  phenylamine,,C'H'N,  and  is  likewise  isomeric  with 
oxjbenzamic  add,  is  obtained  by  boiling  indi^  with  strong  caustic  potash,  replacing 
the  water  as  it  evaporates,  and  adding  peroxide  of  maneanese  before  the  indigo  com- 
pletely disappears,  till  the  liquid  no  longer  deposits  bule  indigo  on  being  left  at 
vest.    The  mass  is  then  dissolved  in  water  and  npemtantfdvilh  dilate  sulphurie 


add  added,  and  the  jeUov  or  bmvniat 

predpititod   txt  purified    bj  animal    i-han™!   and  reciTBtaUisatuiii  |] 

AetordiDg  to  Chancel  thii  add  is  likewiae  prt>dni!«d  bf  the  utkm  of  potul 

Phesjl-caibamio  acid  njirtallinwi  io  traiuipaMDt,  eolonrlmi,  aliiDin 
lamuin,  often  of  eoDnderable  size.  It  dlMolTea  vei^  niaringlj  in  cold  vatei 
in  balUng  water,  verj  easil;  in  alcohol  and  ether.  Its  Bolutioiu  have  an  e 
It  melt4  at  132°  C,  and  sublimea  unaltered.  Bj  dutillation  &oni  eoan 
slasa,  it  ii  resolved  into  earbonic  anhydride  and  phenrlamiiie.  It  cart 
heated  with  phosphoric  anhjdnde.  Strong  iDlpharic  acid  coomta  it  tnti 
pbamic  add.  When  nitrona  acid  ^  ia  puaed  into  ita  warm  dilota  aqa> 
nitiagen  ia  evolT«d,  and  the  solattoD  yieldi,  when  concentntted,  cijitiJa 
(pbeujil-carbonic  acid) : 


■rbanite  4cld< 


The  metallic  phenjl-carbamates  are  but  little  known.  The  ealeiuni'-aall, 
fbnna  Fhombohedral  nyitala,  Bparincl;  aolnble  in  cold,  moderately  iu  boilini 
tiiver'atdt,  C'H'AgNO',  ia  deposited  in  shining  laminM  on  iHixipg  a  d 
■olutioD  of  the  calcium-siilt  with  nitrate  of  ailTer.  The  aolntion  of  the  am 
lilcewise  precipit&tee  the  salts  of  coppir,  Itad.  and  tine. 

Ph-nyl-carbamalfl!)  of  Ethjl  and  «.%(.— Chancel  (Compl.  rend,  i 
trpHting  the  nitrobenzoaleg  of  pthyl  and  methjl  with  snlphjdnite  of  ami 
tjiiued  cnrnponnd  ethers,  which  hr>  regards  aa  plienjlH^arbamatei ;  bnl 
mnde  of  formation  it  ia  more  probable  that  thoy  am  oiybenzaniales,  wl 
mcric  tberevith.    (See  Oxtbskumio  Acm.) 

OAKB-AMtBB.  CH'N'O  =  N'.{CO)-.H'.H'.— This  componnd  ia  ■ 
diainide  of  carbonic  acid,  and  hss  the  same  composition  sa  nrea,  with  vhi 
ia  in  all  probability  id'nticiU.     It  ia  formed  in  Toriooa  ways: 

I.  By  the  action  of  ammoaia  on  oijcbloride  al  caibon,  both  being  p 
(Rcgnanlt,  Ann.Ch.PhjB.  [2]  Iiii.  180;  Natanion,  Ann.Ch.Phann.  ; 
COCl*  +  4NH'  -  CH'N'O  +  aSHKn. 

Tlie  mixtore  of  carbamide  and  aal-ammoniac  thna  prodneed  ia  soluble  in  i 
aqneona  alcohol ;  and  on  adding  aaxw  of  bairta-water  to  Ibe  solution,  er 
vucno,  eihansting  the  residnewilh  abaolnte  aleonot,  eTiq>0Tating  to  drycee 
in  a  small  quantity  of  water,  treating  the  solution  with  nitric  acid,  and  i 
the  resulting  nitrate  of  carbamide  with  carbonate  of  barium,  tbe  carbamide 
in  the  irpsrate  state  (Natanson). — 2.  By  the  action  of  ammonia  on  i 
ethyl  When  the  two  aubstances  are  heated  together  in  a  sealed  tobe 
enrhamate  of  ethyl  is  Srst  formed  (at  100°),  and  aflerwardi  connrtod  b 
M  aminonia  into  carbamide : 

(CO)-(C^)W+  NH'  -  C>H'.H.O  +  ^g?''{o. 

^^H°n°  *  NH*  -  C^'H.0  +  1P(C0)".H'. 
I.  By  tlw  sction  of  heat  on  the  isomeric  compound,  emanate  of  ammomum, 
or  rreu  when  a  solution  of  that  salt  is  left  to  eTaponta  spoataneouily, 
cy:iuate  of  potasbium  ia  mixed  with  sulphate  of  auuuoninm.  the  miiture  Ic 
rjle,  and  tne  residue  aihau.ited  with  alcohol — i.  By  decomposing  anui 
fUminate  will  sulphrdric  acid  (sea  Fuunxio  Aas),— ^.  In  the  demmpoc 
amide  (j.  p.)  at  a  red  heat. — S.  By  the  oxidation  of  nrie  acid. 

The  product  obtaiued  by  the  last  (bur  procesaee  is  nres;  the  same  rabvl 
as  an  animal  excretion  in  the  urine,  in  vhich  indeed  it  was  fint  disa?i 
produced  by  the  oxidation  of  the  nitrogenoiu  tisaues.  Whether  the  cart 
nuced  by  the  action  of  ammonia  on  carbonic  ether  or  on  oiychloride  e 
identical  witb  thi?,  or  only  isnmeric,  is  a  point  perhaps  not  abeolutely  decidi 
t'lplfi?  it  ngrci-B  with  urea  in  its  most  essenlial  charaetera,  vit  in  forming 
soluble  cryil.illine  salt  with  nitric  acid,  and  in  being  resolved  by  the  ac 
. .  -J-  :_..  -^  ^^j  p^j^QJp  jnhydride,  as  reprraent*d  bj-  thf 

CH'N'O  +  H^  -  iNH"  +  CO'. 
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NiTWIMMTWiiMAinM,  C'H«'0»  =  N'.(C0)".(?H^N0'):H'.- Prods 
tberiritll  dinitiomeluiiliiiB,  by  the  action  of  gueoiu  chloride  of  c;r>uiogeii 
pticnjlamine  diwoWed  in  ether.    (Hofmann,  Ann.  Ch.  Fhum.  IxriL  1S6 ; 

TliwnwTT  -finn  t  urn.  Diphoiyl-wta,  CarbanilicU,  Catbopkmylaimdt,  C" 
H'.(CO)'.(CH')'.H'  (Hofmsnti,  Ann.  Ch.  Pharm,  IviL  366;  Gm.  ».  S' 
dnixd :  1.  Bj  the  setion  of  cy«il»te  of  phenyl  on  phenjUmin^  or  on  w«ter 

Z[N.(CO)".CHT  +  HK)  -  CO'  +  ir».(CO)'.(t?H')'.H'. 
2.  By  the  action  of  phenyUmine  on  oiycfaloride  of  c«tlion. — B.  In  the  dec 
of  diphenyl-eulphocarbwiiide  by  potash.— 4.  By  the  dry  dutillation  of  j 
bamide,  melanoiiniide,  or  oialste  of  melaniliDe.     (See  thoae  componndi.) 

Qlphenyl-cubamide  foims  white  ailky  neollea,  vhich  melt  at  20^°  C. 
vitboQt  decomposition.  It  ii  odoorleaa  at  ordinary  temperitUTCS,  bnt  has  a 
odonr  when  heutcd.     It  disBolies  sparingly  in  water,  afauiidaiitly  in  alcohol 

When  qoicldy  ticaUd  in  the  molat  Mate,  it  yield*  carbonate  of  phenyUmin 
with  other  prodacta.  With  strong  udvhttrie  acid,  itgivce  off  cubonic  anhj 
foroB  water  and  phenjlsnlphamic  acid: 

K-i  (S^  ♦  2(S'  !<>■)  -  (C0)-.0  ,  HK>  ♦  i^MM'lSOT 

By  boiling  with  potiuk,  it  ii  resolTed  into  phenylamine  and  earbonate  of  p 

Dipheayl-earbsmide  it  iaomeric  with  fiavint,  an  organic  ba*e  pcodnced  1^ 
of  r^ocing  agents  on  dinitrobeniophenone.  Thii  l«ae  ia  indeed  aometimi 
aa  diphenyl-nrea  (Qerh.  i.  430) ;  but  it  does  not  exhibit  the  charactsr* 
(See  &L*TimL) 

PKBHILBllLPHOCiBBaillDB,  C'H^'8-N'(CS)-.CH'.H".  (Hofmkll 
ings  of  the  Koyal  Society,  a.  27S.) — Produced  by  the  action  of  alcoholic  amm 
phoeyanata  of  phenyl : 

CmCNS  +  NH>  -  C'H-N^. 
The  miztnre,  on  being  Bnitly  warmed,  qnickly  soUdiflea  Into  a  oyitaUine 
wllieh  may  be  obtained  in  b^utiinl  needlea  by  crystalliaation  bom  boiling 

Phenywulphooirbamide  is  a  weak  base,  and  fbnna  a  cUoroplalinaU 
(?H'N'S.HClPtCl'.  It  also  combines  with  nilrait  o/uierr.  By  boiling  i 
of  ailTer,  it  ia  convertnl  into  phenyl-earbamide. 

Pmiiit-*LLTi-Biii.PHociBBAKroB.  N".(C8)'.CH*.CH*.H'.  —  Syn.  witi 
TBtoaiHuim.    (See  THiuaiHuaitB.) 

Di  PH  ■  n  TT.-PTn.PH9r>  ww^  *«ttip.  SvlpAocarbanitidey  Sutphophrnyl'iirtiL  C 
1P(C8)".(C*H')".H".  (Hofmann,  Ann.  Ch.  Pharm.  lyii  288  ;  Ux.  144  ;  C 
farther.  Proa  Roj.  Socx.  274.— Laurent  and  Delbos,  J.  Pharm.  \S 
Lanrentand  Qerhardt,  Ann.  Ch.Pbyi.  [3]  nil  lOS  ;  ill  v.  196.)— Thii 
ii  obtained :  I.  By  the  actioD  of  minhide  of  carbon  on  phenylamine,  the  i 
accelerated  by  addition  of  alcohol  (Hofmann): 

acH-N  +  cs"  -  C'H'irs  +  ffs. 

— 3.  By  heating  a  mixture  of  phenylamine,  mlphocyanate  of  potaraium.  an 
acid,  the  diphenyl-aulphocarhunide  then  diitilling  over,  while  sulphate  of 
lemaina  behind  (Laurent  and  Oerhardt). — 3.  Bymiiing  phenylamine* 
eyanate  of  phenyl;  t^H'.CNS  +  CHTfl  =  C"H"N  S.    (Hofmann.) 

Diphenyl-mlphocarbamide  (eparates  from  the  mixture  of  phenylamine  a 
of  carbon,  in  crystalline  ecalee  ur  rhombic  tables;  from  alcohol,  in  brillian 
laminn.  It  dissolTea  sparingly  in  water,  easily  in  alcohoL  It  has  a  peci 
especially  when  heated,  and  a  bitter  ttute  exceeding  in  intensity  that  o 
known  anbitance.  It  melts  at  140°C,,  and  distils  without  decompoeitio 
with  strong  lu/pAuric  <ich',  it  forma  pheuyl-sulphamic  add,  giving  off  carbani 
and  snlphjdric  add  (Hofmann): 

C"H"H'S  +  2H'S0'  -  CO'  +  H'S  t  2  /N.H.C^'.(SO*)-|0 

"Rj  vietphorie  anhyiTiie,  cUoride  of  tine,  w  iydriKhlorili  add  goa,  it 
Into  ptiati;^amine  and  sulphocyanitc  it  phenyl  (Hofmann).  Fnaed  witi 
jiehls  phenylamine,  together  with  sulphydrate  and  carbonate  of  potaasium 

C"H"N"a  *  3KH0  -  aCHTt  +  KHX)"  +  KHS. 
When  boiled  with  altoiolic  pofoiA,  it  is  conrerted  into  di[dienyl-oatbamjdi 
C'Hi'N'S  +  KK)  -  EiS  ■>  CHi'lTO. 
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It*  •leobolic  sdolioD  ii  boQcd  with  mavurie  oiide.    It  ii  not  decom- 

IBAMIBM. Pipergl-urta,Piperidiiu-uri!a.  CV'S^-y{CO)'.C*BT.V 
,  Ch.  Phji.  [3]  raviii.  76.)— Obuinedbj  boiling  mdph«l«  of  pipe- 
'-■-  of  poiauiiun,  ert^niliiig  to  diyneu,  and  eihaoatiii^  with  atroiig 

into  piperidine. 
ong  white  needlta. 
ItMrtttnudt,  CfH"(CH*)NK},  and  Bthyt-piperyl-eaTbamide, 
,  kie  piodoced  bj  the  setioB  of  piperidine  on  the  ejtaatea  of  methjl 

b.    S^n.  of  Ctuuti  of  Phkitl.    (See  Crunc  Erxaaa.) 

uiNi>    670.  of  DiFKaiin^^iiHBucniM  (p.  T£6]. 

UO  AXtXStt    8ja.  of  PsnrTL-ciBSAUc  Ann  (p.  7fil). 

EiBTKAXa      and      "*""*"'  — "'*'*wt.*'w.       PhbktlCiB' 

ITT.  and  MKran.  (p.  7£!)- 


rhe  name  ffw. 
1  of  cyaiiiae 


b^  Thaulow  (J.  pr.  Chem.  zzxL  330)  tt 
of  mlTBT,  which  he  r^aidi  ar  ''-""— i-  *•"' 


Tea  in  potaab,  and  the  golntiou  whea  nentralised  with  nilzie  add  doea 
ron-salta.    (Thaalow.) 
CZO  Acn.    Syn.  with  Fiouo  Aon). 

i(  or  Carbunt).      Compouada  of  carbon  with  metals.    These  eom- 
,  been  mnch  itndied:  none  of  them  ocoir  a*  natiml  mioerals,  and  it 
tain  them  in  deflnite  tmm.    The  nsnal  effect  of  ihe  tmion  of  eaibon 
to  render  it  hud  and  brittl*.    (See  the  MTenl  metals.) 
fUSa.    Sjn.  with  BnitoHB. 
rXOZO  AOXB.     See  CmiuiiDr  (p.  9SI). 
fllKOVBVS.    See  HiDBOCABBOna. 
I  AOXDi    Syn.  with  Phmihc  Acm. 

Sjpiiliol  C  AUmtio  KtigU  12, — Carbon  ii  one  of  the  most  ahnndant 
,  pTJafiTig  both  in  the  free  state  and  in  an  endless  Tariety  of  comblna- 
md  pure  in  the  diamond;  nearlj  pure  in  gtaphite  oftunmbB^  le« 
die.  It  occora  also  abiindBnUj  in  the  form  <^  cacbonMea.  MpeciiiUf 
ciom,  and  i>  an  eseential  constituent  of  organic  bodiea,  &om  whicL 
ited  in  the  form  of  charcoal,  by  Hi«ril|ing  off  the  mon  volatile  elements, 
n,  nitmgen,  &e. 

eolid  bodj,  deatitnte  of  taste  and  odonr,  inhsible  and 


!.  This  Talnable  gem  consists  of  pure  or  neailj  pure  carbon.  It  ia 
1  soila  raodneed  b;  the  disintM^ation  of  ancient  toeks,  the  principal 

in  India,  Borneo,  Bnuil,  and  the  Urals.  Diamond*  occur  thinlj' 
;h  large  qoantitieB  of  aoil,  and  very  cardol  washing  and  examination 
leforate  mem. 

nrystaUisei  in  tbrma  belonging  to  the  regular  sjatam,  namely,  the  oc- 
"    ■'  .      ■    -      -        -       '^ ■  -   ^ouo;als» 


form,  though  it  r«ely  oecnn  a) 


Ueta,  formed  by  the  luperpoattion  of  a  low  triangular  pyramid  on 
I  octahedron ;  and  the  hezakis-octabedron,  a  48-sided  figure  formed 
by  a  6-ftced  acomioaCioD  of  the  octahedron.  Intermediate  forms  are 
occmrence,  the  secondai;  bees  being  aometimea  so  nnmeroiu  u  t« 
the  kEVeamnee  of  having  convex  flicea.  Sometimea  the  faces  are  really 
lequently  intersect  in  curved  edna :  the  dodecahedron  and  octahedron 
with  convex  &eea.  Hemihedru  fbnm  and  twin-oystals  are  also  found. 
the  article  C&'mAiJ.oaxAFHT.) 

<  deuve  easily  in  directions  parallel  to  other  faees  of  the  rwular  oeta- 
ii  theiefon  th«  ptimaiy  foim.    The  fractore  ia  conchoidaL      Tha 
Sc  3 
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Bpeciflc  gravity  of  the  diamond  ie  8-6295  according  to  Thomwn ;  3-d5  according  to 
Peiouze.  It  u  the  hardest  snbetance  known,  being  capable  of  acr^ching  aU  oth«^ 
Diamonds  with  curved  edges  are  also  capable  of  cutting  glase,  and  are  mnch  used 
for  that  purooso,  the  curved  edges  penetrating  theglass  like  a  wedge ;  those  with  atnugiit 

edses  merely  scratch.  -,*■,'.       •        u  a 

The  purest  diamonds  are  colourless  and  transparent ;  but  many  exhibit  vanaus  sbades 
of  yellow,  red,  green,  brown,  and  black;  these  coloured  diamonds  1«*^«»J^°«J. **^"^^' 
from  0-66  to  0*2  per  cent  of  ash :  colourless  diamonds  leave  but  a  trace.  The  diamond 
has  a  strong  lustre  (caUed  adamanHne),  and  high  refractive  and  disperinve  power : 
hence  its  peculiar  briUiancy.  The  lustre  of  the  natural  diamond  is  greaUy  incpea64?d 
by  cutting  it  in  a  peculiar  manner,  so  as  to  give  it  numerous  &cets  capable  of  reflecting 
and  diroSsing  light  in  various  directions.  This  is  eflTected  by  pressing  the  diamond 
wrainst  a  revolving  metal  disc  covered  with  a  mixture  of  diamond  dust  and  oil,  no 
oSier  substance  being  hard  enough  to  abrade  the  diamond.  The  dust  for  this  pui^ 
is  obtained  either  by  coUectinff  that  which  falls  away  in  the  process  of  catting  and 
polishing,  or  by  pounding  up  diamonds  which  have  not  sufficient  transparency  to  be 
valuable  as  gems.  Diamonds  are  sometimes  found  in  opsque  spheroidal  l^P^  ^»^ 
tute  of  crystalline  structure  and  transparency,  and  useless  excepting  in  the  form  of 

The  diamond  conducts  electricity  but  slowly.  Like  all  other  forms  of  carbon,  ft 
neither  melts  nor  voktilises  at  the  heat  of  the  most  powerful  furnace ;  but  when  placed 
between  the  charcoal  cones  of  a  powerful  voltaic  battery,  it  becomes  white-hot,  »^ell« 
up,  splits  into  fragments,  and  after  cooling,  presents  the  aspect  of  coke  prepared  from 
bituminous  coaL  When  very  strongly  heated  in  the  air  or  in  oxygen  gas,  it  takes  fire 
and  bums  completely  away,  forming  carbonic  anhydride.  This  fact  of  the  combufti- 
bility  of  the  diamond,  which  had  been  conjectured  by  Newton  from  its  great  refracting 
power,  was  first  demonstrated  in  1694,  by  the  Florentine  academicians,  who  succeedMj 
in  burning  it  in  the  focus  of  a  concave  mirror.  Lavoisier  and  Guy ton-Morveau,  and 
afterwards  Davy,  showed  that  the  sole  product  of  the  combustion  in  oxygen  is  carbonic 
anhydride,  and  therefore  that  the  diamond  is  pure  carbon.  ,  , 

2.  &  rap  Ai^e.— This  name  is  applied  to  several  varieties  of  native  carbon  oontaimng 
from  96  to  nearly  100  per  cent  of  that  element,  some  crystalline,  othem  amorpboos, 
but  all  perfectly  opaque,  having  an  iron-black  or  steel-grey  colour,  and  metallic  lustre, 
producing  a  black  shining  streak  on  paper ;  sectile ;  of  specific  gravity  1*209,  hardnea 
between  1  and  2,  and  conducting  electricity  nearly  as  well  as  the  metals.  Graphite 
was  formerly  regarded  as  a  carbide  of  iron,  but  the  iron  is  now  known  to  be  merely  in 
a  state  of  mixture,  as  also  small  quantities  of  silica  and  alumina. 

a.  Crystallised  or  Foliated  Grapkite.—Thia  variety  is  found  occasionally  in  small 
six-sided  tables  belonging  to  the  hexagonal  system,  cleaving  perfectly  in  the  direction 
of  the  base,  and  having  the  basal  planes  striated  parallel  to  the  alternate  aides.  More 
commonly,  however,  it  occurs  in  foliated  or  granular  masses.  It  is  found  imbedded  in 
quartz  near  Travancore  in  Ceylon,  and  near  Moreton  Bay  in  Australia ;  with  olivine 
and  sphene  at  Ticonderoga  in  the  State  of  New  York,  and  in  gneiss  at  Stourbridcti, 
Hassachusuets,  where  it  presents  a  structure  betw<»en  scaly  and  fine  granular,  and  an 
occasion  al  approximation  to  distinct  crystallisations  (D  a  n  a,  ii.  27 ).  It  ia  also  obtained 
artificially  by  melting  cast-iron  containing  a  large  proportion  of  carbon  and  leayin?:  it 
to  cool  slowly.  It  is  tough  and  difficult  to  pulverise  by  mechanical  means,  but  it  may 
be  reduced  to  the  state  of  very  thin  laminae  by  prolonged  trituration  with  water, 

/3.  Amorphous  Graphite,— This  variety,  also  called  plunibago  or  black  lead,  is  found 
in  Borrowdale,  Cumberland,  where  it  occurs  in  nests  of  trap  in  the  di^-alate,  and  ia 
largely  imported  into  this  country  from  Germany,  principally  from  Griesbach  near 
Passau.  The  Borrowdale  mine  was  formerly  verv  nch,  but  now  appears  to  be  neariy 
exhausted  (see  Ure*8  Dictionary  of  Arts.  Manu/aotwres  and  Mines,  iiL  467).  Amor- 
phous graphite  is  softer  than  the  crystalline  variety,  and  makes  a  much  blacker  atreak 
on  paper :  it  is  therefore  better  adapted  for  the  making  of  pencils.  Some  kimls  of 
amorphous  graphite,  occurring  in  the  coal  measures,  have  very  much  the  appearancw 
of  anthracite :  such  is  the  case  with  the  graphite  of  New  Brunswick. 

Graphite  resembles  the  other  modifications  of  carbon  in  being  unalterable  vben 
heated  in  dose  vessels,  excepting  at  the  temperature  of  the  electric  current,  and  in  jif-ld- 
ing  carbonic  anhydride  when  burnt  in  contact  with  oxygen.  But  it  difiers  eswntiaUy 
from  all  other  forms  of  carbon  when  subjected  to  the  action  of  certain  oxidising  st^ezttd, 
such  as  a  mixture  of  chlorate  or  acid  chromate  of  potassium  with  sulphuric  or  mtric 
acid,  or  a  mixture  of  nitric  and  sulphuric  acids.  In  this  case  Brodie  has  shown  (Ann. 
Ch.  Phys.  [3]  xlvL  361 ;  further,  PhU.  Trans.  18«0,  L;  Ann.  Ch.  Phann.  cxiv.  7)  thai 
it  is  converted  into  a  peculiar  acid,  called  graphitie  aoidf  which  is  best  obtwin^i  uy 
heating  pulverised  p^phite  with  chlorate  of  potassium  and  nitric  acid,  a^  long  a> 
yellow  vapours  are  given  oftj  then  w;tshiiig  it  with  a  large  quantity  of  vnuu.  ikying  it 


ill  hot  are  oooled  by  thrawing  irater  or  auid  upon  them.    Tht  qnanlit;  of 
lus  obtained  raata  with  Ihc  manner  in  which  the  eombiution  i«  conduct^ 
:  vood  yield  on  the  arpnige  bom  61  to  65  puts  b;  measore,  or  24  parte  I 
'  chnrcoaL    When  the  baming  ia  verj  earatiilly  coDdncled,  the  quantity  ma, 

Id  England  a  larf^  qmintity  of  chamwl  ia  obtained  in  the  dry  diatillBtioE 
T  the  preparation  of  aoetic  add.  For  tliii  pnrpoae  the  irood  ia  heated  to  t 
wt-iioa  eylindere,  whereapon  a  nmnber  of  volatile  prodncta  are  civen  ofl^  ia 
jsequantityoftany  matter,  an  inflammable  spirit  called  vood-Epirit  or  wood 
id  acetic  acid ;  and  in  the  retoita  there  remains  a  quantity  of  charcoaL 

For  the  maDufactoie  of  gunpowder,  charcoal  is  lometimes  prepared  by  n 
ood  in  iron  cylindeca  to  the  action  of  OTer-heated  ateam.  (violett^ 
hjB.  [3]  rriii  17S.) 

Wooll-eharcoal  ia  more  or  leaa  compact,  according  to  the  kind  of  wood  from 
.  formed.  The  lighter  woods,  «uch  aa  willow,  yield  a  very  poroni  charcoa 
imparatively  little  power  of  coQdnetiiig  heat  and  electricity;  box-vooc 
intrary,  yields  a  Tery  compact  eharooal,  which  ia  a  good  eondnclor  of 
ectricity.  and  ia  admirably  adapted  for  exhibiting  the  voltaic  light  Tli 
id  conducting  pover  of  charcoal  ai«  greatly  increased  by  eiposiog  it  in  do 
»  a  very  high  temperature.  Charcoal  retains  the  form,  and  to  i  considerat 
le  external  atnctnre  of  the  wood,  bo  that  a  horizontal  aeetion  exhibits  diati 
meeatric  rings  and  the  tracea  of  the  medullary  taya.  When  burned  it  lei 
to  6  percent,  of  ash.  According  to  Berthier,  1000  parts  of  lime-wood  lean 
Taah;  of  oak,  25;  birch  10;  fir  8;  borobe»ni  2fl  ;  beech  30. 

&.  Coie. — Ordinan  bilumicotia  coal,  which  conaistiof  the  remains  of  ancie 
id  peat-moases,  ancl  appears  to  hare  been  formed  from  wood  by  a  procc« 
i^cay  going  on  without  access  of  air,  differs  fW>m  wood  in  containing  a  larger  f 
fcarlxjn,  and  leas  oxygen  and  hydrogen;  it  also  contains  nitrogen  derived 
uue  of  the  plant*.  This  eubstsnce^  when  heated  in  the  open  air,  bums  i 
ood,  leaving  notlitng  but  a  whil«  aah;  but,  when  atrongly  heated  in  cest-ii 
■rs,  it  nndergoes  a  decomposition  like  that  which  takea  place  in  wood  nndi 
rcumstancea,  a  large  quantity  of  volatile  product*  being  given  off|  vit  r» 
fdrogen  gas  (the  gas  used  for  illamination)  and  a  tarry  liquid  containing 


ith  a  quantity  of  inorganic  constiCaenta,  greater  than  that  which  occurs  inir 
uil,  BO  that  it  leares  a  larger  amount  of  aah  when  burned.  The  aapect  of  co 
:«atly  according  to  the  kind  of  oool  from  which  it  is  obtained.  Bitnmini 
Lch  aa  the  NewcajitJe  coal,  undergo  a  kind  of  semi-^sion  before  they  decom 
ield  a  very  poroos  coke,  having  a  brilliant  metallic  aapect;  authradte,  on  the 
ndergoes  but  little  alteration  by  heating,  and  yields  a  coke  having  very  mm 
irm  and  aspect  of  the  original  maaa.  Coke  u  need  in  the  iron  districts 
Uee  and  Stafibrdshire,  for  reducing  the  metal  from  the  ore.  It  ia  tliere 
om  the  coal  which  occurs  in  the  same  districts,  by  partially  burning  that  ( 
I  longitudinal  heap*,  more  or  less  covered  up  with  the  aahea  of  former  fires,  t 
sing  to  produce  a  smothered  combustion,  aimilarto  that  already  described  ai 
le  preparation  of  wood-charcoaL     Thia  process  is  very  wastetiil  uolesa  card 

e,  MeUOtlc  Carhnn,  Glanct-coal. — Thia  ia  a  very  dense  form  of  carbon,  i 
hen  certsin  volatile  organic  compounds,  eepecioUy  hydrocarbons,  are  passed 
id-hot  tnbes  of  porcelain  or  cast-iron;  it  collects  in  the  npper  part  of  the  r 
htch  earburetted  hydrogen  gua  ia  diBtilled  from  eoal.  and  ia  likewise  prt 
lost  furnaces.  It  often  exhibits  the  lustre  and  sonority  of  a  metal,  ia  ren 
}od  condnctor  of  heat  and  electricity,  and  hums  with  difScnlty.  It  ia  used 
le  negative  elemeut  in  Bunsen'a  voltaic  battery. 

A  very  hard  and  compact  carbon,  also  used  for  the  purpose  jnst  mention) 
lined  by  heating  to  redness,  in  an  Iran  mould,  an  intimate  and  impalpable 
^  2  pta.  coke  and  I  pt,  bituminous  coal,  then  several  limes  steeping  it  in  tra 
ibjecting  it  again  to  a  very  intense  heat-  The  moss  thus  formed  is  very  hard 
iwn  and  filed  without  breaking,  and  eonducta  electricity  like  a  metaL 

d.  Lamp-black. — Most  of  our  ordinary  combustibles,  consisting  of  carbon 
rogeu,  such  as  tallow,  wax,  and  oil,  undergo  but  imperfect  combnstioa,  nnJeai 
r  an  artificial  draught  of  air.  The  consequence  is,  that  a  portion  of  the 
hich  is  the  less  combustible  element  of  the  two,  remains  tu burned,  and  is  d: 
.  smoke,  or  deposited  on  cold  surfaces  in  the  form  of  soo/or  lamp-Uaek ,-  thm 
'  class  or  metal  held  in  the  nppcr  pari  of  a  I'andla  flame  is  quickly  cotere 
.11  k  i<'|u:iil  vC  Cdrbon.     Ltunp-bluik  is  ordinarily  prepared  by  the  impnficl 
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highly  oiganiaed,  nitrogenonB,  easilv  alterable  bodies.  When  Umm  are  absorbed  by 
charcoal,  they  come  in  contact  with  nighly  condensed  oxyg<»n  gas,  which  exists  within 
the  pores  of  all  charcoal  which  has  b«en  exposed  to  the  air,  eren  fbr  a  few  miuute* ; 
in  this  way  they  are  oxidised  and  destroyed."  On  this  principle,  Dr.  Stenhoiise  haa 
constmeted  ventilators,  consisting  of  a  layer  of  charcoal  enclosed  between  two  sLt^u 
of  wire-gauze,  to  purify  the  foul  air  whiui  accumulates  in  water-closets,  the  wards  of 
hospitals,  and  in  Uie  back  courts  and  lanes  of  laige  cities.  By  the  use  of  theee  Teji'i- 
lators,  pure  air  may  be  obtained  from  exceedingly  impure  sources,  the  impuritiei  beinir 
absorbed  and  retained  by  the  charcoal,  while  a  current  of  pure  air  alone  is  admitt^ 
into  the  neighbouring  apartments.  A  similar  contriTance  might  also  be  applied  to  tb« 
culley-holes  of  our  common  sewers,  and  to  the  sinks  in  priyate  houses.  I>r.  Stenhouae 
has  also  constructed  respirators,  consisting  of  a  layer  of  charcoal  a  quarter  of  an  inch 
thick,  interposed  between  two  sheets  of  siiyered  wire-gause  ooyered  with  woollen  clotx 
They  are  made  either  to  coyer  the  mouth  and  nose,  or  the  mouth  alone ;  the  former 
kind  of  respirator  affords  an  effectual  protection  against  malaria  and  the  delct^iorr* 
gases  wbicn  accumulate  in  chemical  works,  common  sewers,  &&  The  latter  vi!l 
answer  the  same  purpose  when  the  atmosphere  is  not  yery  impure,  proyided  the  dimilr 
precaution  be  taken  of  inspiring  the  air  by  the  mouth,  and  expiring  by  the  nose.  Thii 
form  of  respirator  may  also  be  useful  to  persons  affected  with  fetid  breath.  Frefiil) 
heated  wood-charcoal  simply  placed  in  a  thin  layer  in  trays,  and  disposed  alioot  in- 
fected apartments,  such  as  the  wards  of  hospitals,  is  also  hi^^y  efficacioua  in  aU>orbtr.f; 
the  noxiouii  matter. 

Platinised  Charcoal. — The  power  of  charcoal  in  inducing  chemical  eombinatioo  ii 
increased  by  combination  with  minutely  diyided  platinum.  In  this  manner,  a  cum- 
bination  may  be  produced  possessing  the  absorbent  power  of  charcoal  (which  is  murli 
greater  than  that  of  spongy  platinum),  and  nearly  equal,  as  a  promoter  of  cbemirol 
combination,  to  spongy  platinum  itself.  In  order  to  platinise  charcoal,  nothing  mvm 
is  necessary  than  to  boil  it,  either  in  coarse  powder  or  in  large  pieces,  in  a  ^.^lutioD  of 
dichloride  of  platinum,  and,  when  thoroughly  impregnated,  which  seldom  requj^ 
more  than  ten  minutes  or  a  quarter  of  an  hour,  to  heat  it  to  redness  in  a  closed  vtskcl, 
a  capacious  platinum  crucible  being  well  adapted  for  the  purpose.  Charcoal  thai 
platinised,  and  containing  3  ^ains  of  platinum  to  50  grains  of  charooal,  causes  oxy* 
gen  and  hydrogen  gases  to  unite  completely  in  a  few  minutes ;  with  a  larger  proportion 
of  platinum,  the  ^ases  combine  with  explosiye  yiolence,  just  as  if  platinum-blac^  wn« 
used.  Cold  platinised  charcoal,  held  m  a  jet  of  hydrogen,  speedily  becomes  inAiii- 
(le^^oent,  and  inflames  the  gas.  Platinised  diarcoal  slightly  warmed  rapidly  b^comea 
incandescent  in  a  current  of  coal  gas,  but  does  not  inflame  the  gas,  owing  to  the  T^r; 
high  temperature  required  for  that  purpose.  In  the  yapour  of  alcohol  or  wood-ppirit, 
platinised  charcoal  becomes  red-hot,  and  continues  so  till  the  supply  of  yapour  is  ex- 
hausted. Spirit  of  wine,  in  contact  with  platinised  charcoal  and  air,  is  oonyerted  in  a 
few  hours  into  yinegar.  Two  per  cent  of  platinum  is  suflScient  to  platinise  charcoal 
for  most  purposes.  Charcoal  containing  tlus  amount  of  platinum,  causes  oxygen  and 
hydrogen  to  combine  perfectly  in  about  a  quarter  of  an  hour,  and  snch  is  the  »tjensrtb 
of  platinised  charcoal  which  seems  best  adapted  for  disinfectant  respirators.  C^iarccal 
containing  only  1  per  cent,  of  platinum  causes  oxygen  and  hydrc^en  to  combine  ia 
about  two  hours ;  and  charcoal  containing  the  extremely  small  amount  of  \  per  cent 
of  platinum,  produces  the  same  effect  in  six  or  eight  hours.  Platinised  charcoal  scorns 
likely  to  admit  of  yarious  useful  applications ;  one  of  the  most  obyious  of  these  is  itj 
adaptability  to  air-filters  and  respirators.  From  its  powerful  oxidising  properti'% 
it  might  ^so  proye  a  highly  usefid  application  to  malignant  ulcers  and  similar  sores,  od 
which  it  will  act  as  a  miild  but  effectiye  caustic.  It  might  also  be  found  useful  it 
Bunsen's  carbon  battery.    (Stenhouse,  Chem.  Soc.  Qu.  J.  yiiL  105.) 

Charcoal  as  a  Precipitant  and  Decoloriser. — ^Wood-charcoal  and  animal  cbftrro*l 
especially  the  latter,  possess  the  power  of  forming  insoluble  compounds  with  manj 
dissolyed  substances,  more  particularly  organic  colouring  matters.  It  nrecipit;if<5 
iodine  from  its  solution  in  iodide  of  potassium,  also  lime,  nitrate  of  leaa,  and  mr>5t 
metAilic  sub-salts,  from  their  aqueous  solutions :  it  likewise  separates  metallic  itrifii 
from  their  solutions  in  alkalis.  A  solution  of  acetate  or  nitrate  of  lead,  in  which  oluir- 
ooal  is  immersed,  is  found  after  a  while  to  contain  free  acetic  or  nitric  acid.  A  hrzf 
number  of  oi-ganic  substances,  besides  colouring  matters,  are  Ukewise  precipit«t*^}  bv 
charcoal,  yiz.  the  bitter  principles  of  the  hop,  gentian,  and  aloes,  tannin,  organic  alka- 
loids ;  also  resins  from  solution  in  alcohol  It  is  important  to  bear  this  in  min<i  iQ 
analysing  liquids  which  haye  been  decolorised  by  animal  charcoal,  as  many  of  the  ^un- 
stances  originally  contained  in  the  solution  may  have  been  carried  down  by  the  rharci>iL 

The  peculiar  power  of  bone-black  in  remoying  colouring  matters,  Ac  from  «nlTittf»n. 
is  d©*  to  the  more  minute  dirision  of  the  charcoal  resulting  fn^m  the  inT*>rpHiti/»n  'rf 
the  earthy  matter.     If  this  be  di&>feolyed  out  by  an  add,  the  decolonsinjr  power  id  the 
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J  in^aind,  which  howsTer  miut  be  done  tat  eerUiu  ipplieations  of 
pMmboD  of  T«g«t)ible  icide.  Cbamwl  of  much  bigliBr  decoloriilng 
ilick,  is  obtained  b;  eulcuiing  dried  blood,  bomi,  boa&,  clippinga  of 
Lher  inimtl  matten,  in  conlacC  witb  pearl-aah.  and  VMhing  the  cal- 
ratar.  A  cbanoal  of  cooaidenble  decoloruing  power  mav  likewiae 
irboniaiDK  legetable  mbetaneea  mixed  with  chalk,  calcioed  flints,  or 
natter.  If  100  pta.  of  pipe-cUj,  made  into  a  thin  pMlewiti  watar, 
ih  20  pta.  of  tan  and  fiOO  pta.  of  finely  ponnded  coal,  and  the  msai 
in  a  doae  Traael,  a  charcoal  wilt  be  obtuaed  Terr  little  inferior  in 
:  to  bone-black.  The  (blknring  table,  taken  &om  Qraham'a  S3tiMnU 
1  odition,  toL  L  p.  361,  ahowi  the  elBeiencf  of  different  kindi  of 
ii^  mlamiBK  matter.  Theae  anbataneea  ate  eonparad  with  bone- 
le  moat  fsebls  apedeo.  The  irlatiTe  efflcienc;  i>  not  the  aame  for 
ookmring  mattar. 


t«»  OP  CaiuxuL. 

RllUfn  difoliirm. 
UOD  or  MlplUto  of 

rUlw  oTtrnipi. 

rithpearlaah      .        .        . 

eo 

30 

rith  chalk            .         .         . 

18 

11 

13 

10 

thpearlaah       . 

36 

U-6 

hut«d  with  th«  aame 

34 

tea 

witb  the  ■ame  . 

10-8 

8-B 

^taloofpotaaainm   .        . 

fi-6 

*-i 

icetate  of  aodioni 

13 

B-S 

calcined   .... 

3-3 

sued  witb  pcariash    . 

is-a 

10-8 

<■  by  an  acid,  and  calcina- 

aah 

16 

30 

ttoated  with  an  acid  .        . 

1-87 

m 

Ii  phoephate  of  calcium      . 

3 

1-9 

D  Its  ordiovy  Rate    . 

1 

1 

7/  Carbon. — Carbon  nnitea  with  moat  other  elementa,  but  generally 
?dy,  most  of  its  componnds  being  formed  either  in  the  faodieH  of  lirlug 
1  in  a  way  which  we  cannot  trace,  or  derired  by  substitiition  from  such 
only  elements  with  which  it  unites  directly  are  oiyiren,  sulphur,  niUo- 
?tals,  and  with  theae  only  at  high  temperatorcs.  For  axyam,  carbon 
^  at  oidinaij  temperatures,  but  at  a  red  heat,  it  not  (mij  combines 
nygen,  but  is  capable  of  separating  that  element  from  ila  combinations 


lawood  charcoal  bcgus  to 


nda  npoQ  the  denai^  of  the  ca 

•boat  240°  C. ;  th«  more  eom^ttct  Idii&  require  a  huher  temperatnie ; 

i^le  atill  hi^uc;  and  the  diamond  the  lugheat  of  alL    The  prodnet 

I  is  carbonie  anhydride,  CX)*,  mixed,  howeTer,  if  the  aapflj  <fl  o»ygea 

[Jie  lower  oxide  CO. 

Mrbon  at»  nnitea  at  a  red  heat,  fbrmiDgdimlpbideof  Carbon,  OS*. — 

initee  at  a  red  best,  poTided  an  alkali  be  present,  forming  cyanogen, 

I  into  combination  with  the  alkali-metal ;  thus,  when  nitrogen  gas  is 

id  charcoal  saturated  with  carbonate  of  potaaaiom,  cyanide  of  potaa- 

Witb  nulalt  lito,  carbon  appears  to  nnite  directiv  nnder  certain  cii^ 

the  fbrmalioii  of  steel  by  keeping  iron  imbedded  in  charcoal  powder 

1 1^  carbon  and  ij/dregen  constitate  a  Tcsy  important  group  of  organio 
them,  aa  oil  of  tulpentine,  CH",  existing  ready  itemed  in  plants, 
rfhylma,  CH*.  and  naphthaletn,  C"H',  are  produced  by  the  deoom- 
Xtmplcx  organic  compounds.  Moat  of  them  play  the  part  of  radicles, 
aomUniiig,  lika  metals,  with  chlorine,  oxygen,  sulphur.  Sec,  ot  re- 
in combinatEon,  »nd  pa,«9ing  as  entire  gionpa  from  one  slate  of  com- 
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bination  to  anoiher;  e.g.  ethjl,  C^»,  amvl,  C»H",  allyl,  C^»,  fikylene^  0^*,  emy^ 
lene^  C*H**,  &c.  The  hydrogen  in  these  nydrocarbons,  may  be  more  or  lea  rpplacvd 
by  chlorind,  bromine,  nitryl  (NO^),  and  other  elements  or  groaps,  whereby  derirxtiro 
radicles  are  formed,  also  capable  of  entering  into  combination,  replacing  hydrogen,  ^Scc 
like  siinple  radicles,  e,  g.  bromethyl^  C*H*Br,  ehlorethylene^  C*H*C1,  dinitronapktkaJ^^^, 
C'*H'(NO')',  4tc  Whenthehvdrogenin  a  hydrocarbon  is  thus  completely  replaced  by 
another  element,  a  chloride,  bromide,  9te,  of  carbon  is  produced.  In  this  manntT, 
I  tetrachloride  of  carbon  CCl*,  is  formed  from  marsh-gas  C&\  dichlonde  of  carbon, 

{yC\\  from  ethylene,  C*H*,  &c 

CAXBOJr*  BKOMZBBfl  OF.    Several  of  these  compounds  appear  to  exist,  bnt 

only  one  of  them,  the  dibromide  CBi^^  hss  been  analysed.*-  This  body  is  obtaintMi  }tj' 

treating  alcohol  or  ether  with  bromine,  saturating  the  resulting  hydrobromic  arid 

I  with  potash,  distilling,  and  treating  the  residue  with  water.    Dibromide  of  carl^vm 

>  then  remains  as  a  white  crystalline  deposit  which  may  be  pmiiled  by  washing  with  war  17 

I  (Lowig,  Ann.  Ch.  Pharm.  iii.  292).    Its  formation  is  represented  by  the  equations : 

[  CH-O  +  4Br»  -  C«Br«    +  4HBr  +  HH). 

:  Alcohol. 

'  C*H»0  +  8Bi»  -  2C*Br<  +  8HBr  +  H«0. 

Ether. 

I  •       It  is  also  produced  by  the  action  of  alcoholic  potash  on  the  dibromide  of  tribiomethy- 

lene  (Lennox,  Chem.  Soc  Qu.  J.  xiy.  209): 

(?HBr«.Br«  +  KHO  -  C*Br«  +  KBr  +  H*0. 

Dibromide  of  carbon  forms  white  crystalline  plates,  unctuous  to  the  touch,  having  an 
ethereal  odour  and  saccharine  taste ;  it  melts  at  60°  C,  and  sublimes  without  alterari< jn. 
It  is  nearly  insoluble  in  water,  very  soluble  in  alcohol  and  ether;  not  decomposed  by 
acids  or  alkalis.  It  bums  in  the  flame  of  a  spirit  lamp,  giving  off  vaponn  of  hY<ii«>* 
bromic  acid,  but  ceases  to  bum  as  soon  as  it  is  removed  from  the  flame.  Chloriiis 
attacks  it  in  the  melted  state,  forming  chloride  of  bromine.  Heated  with  oxide  of 
mercury  or  passed  over  red-hot  oxide  of  zinc,  copper,  or  iron,  it  yields  metallic  bromine 
and  carbonic  anhydride.  When  passed  over  r^-hot  metaUie  sine,  copper,  or  iron,  it 
also  yields  a  bromide  of  the  metal  without  disengagement  of  gas.     (Lowig.) 

Commercial  bromine  sometimes  contains  a  liquid  bromide  of  carbon,  which  may  also 
be  obtained  by  the  action  of  bromine  on  ether  and  alcohol,  especially  if  chlorine  is  like- 
wise present.  It  is  an  oily,  colourless,  fragrant  liquid  of  specific  gravity  2*436,  not 
solidifiable  at  —  26°  C,  boiling  at  120^  C.,  so  that  it  is  easily  separated  from  bromine  by 
distillation.  It  is  insoluble  in  water,  not  decomposed  by  acids  or  dilute  alkalis,  bat 
decomposed  by  fusion  with  hydrate  of  potassium,  into  bromide  and  carbonate  of  potas- 
sium (Poselger,  Ann.  Ch.  Pharm.  Ixiv.  287).  The  same  compound  appears  to  be 
produced  by  the  action  of  2  pis.  bromine  on  1  pt  iodide  of  ethylenei,  CH*!',  and  may 
De  i^>arated  from  bromide  of  iodine  by  means  of  dilute  potash. 

In  the  preparation  of  bromine,  there  is  sometimes  formed  an  oilj  ethereal  liquid 
called  oi/ ©/"iramm^,  which  appears  to  contain  C*H*Br*.  When  dropped  on  rt-d-hot 
fragments  of  glass,  it  yields  a  deposit  of  carbon,  together  with  crystals  and  a  dark -brow  n 
oil,  while  hydrobromic  acid  and  a  combustible  gas  escape.  The  dark-brown  oil  apf^oar* 
to  be  a  portion  of  the  liquid  which  has  remained  nndecomposed  and  has  aW^rl'ed 
bromine,  and  the  crystals  consist  of  a  bromide  of  carbon  C*BP.  (M.  Hermann,  Ann. 
Ch.  Pharm.  xcv.  211.) 

CAXBOWv  CR&OXIBB8  OV.  Carbon  does  not  unite  directly  with  chlorint; : 
but  several  compounds  of  these  elements  are  obtained  by  the  action  of  chlorine,  aided 
by  light  or  heat,  on  organic  bodies,  chiefly  on  hydrocarbons  or  their  chlorinated  d4*h- 
vatives,  e.  g.  CCl*  from  marsli-gaa  (CH*),  or  chloroform  (CHCl*).  C*C1*  from  ethyleti* 
(C*H*).  C*C1«  from  tritylene  (C«H«),  C»"C1»  from  naphthalene  (C  •H*),  &c  It  is  cniu 
tomary,  however,  to  restrict  the  term  chloride  of  carbon  to  four  of  these  Kxiit^, 
containing  I  and  2  atoms  of  carbon,  while  the  rest  are  regarded  as  substitotion-derira- 
tives  of  organic  radicles,  e.  g.  C  ^Cl",  as  perchloronaphthalene.  The  names  and  fbrmuiit 
of  these  four  compounds  are  given  in  the  following  table,  in  the  left-hand  column,  ac- 
cording to  the  atomic  weight  of  carbon  [12]  here  adopted,  in  the  right-hand  columa 
according  to  the  smaller  atomic  weight  of  carbon  [6],  the  latter  being  the  names  by 
which  they  are  generally  known : 

[C  -    .2]  [0  -  6] 

Protochloride    •      .  CC1«  or  Bubchloride    .      .  OC^ 

Dichloride  .      .      .  C»a*  „  Protochloride.      .  OC^ 

Trichloride.      .      .  CPQl*  „  Sesquichloride       .  C»CP 

Tetrachloride    .      .  CCi*  „  Di- or  Bi-chloride .  (^OP' 

•  C'Bx*  has  been  recently  obtained.    Set  Bthtxjmss,  BaoMiiiaTiD. 
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DO  retl  dUtJnelioii  between  these  four  eomponoda  and  othen  fenued    . 
.amenta,  eieeptiiis  that  tbrj  are  of  hnrer  atomic  wei^t,  and  that 
mJ  from  diaDlfJuda  of  carbon,  the  v^khit  of  that  nibatance  mixed 
puaed  thioDgh  ■  hot  tube  fielding  the  t«tnehloride,   and  the 
mdoeed,  either  bj  ezpoaing  thu  oomponnd  to  k  higher  temperttm* 

redociog  ageata. 

DIOrC^lBBOif,  CCl*.  Dichtoridt  or  BkJdoride  of  Carbon.  Car- 
tUormakdChloridro/Mttliyl.  PtreA/bro/urmme.— This  compoand, 
Ee  of  marsh-gM  CH',  aod  of  carbonic  anhydride  CO*,  mis  disco- 
It  in  1839  fAnn.  Cb.  Fb;a.  [2]  IxxL  337).     It  is  produced:  I.  Sj 

ine  on  mmh-gas  (Dnmaa.  Ann.  Ch.  Phjs.  [3]  liriii.  86) 2.  By 

orina  on  chlcnvfona  in  Bonshine:  CHCl'  +  CI'  —  HCl  -i-  CCl'. 
1}  heated  in  ■  retort  exposed  to  the  san,  and  a  atream  of  drj  ehlo- 
1;  and  coDtinDOUBlj  throogh  it,  the  liquid  wliich  distill  over  being 
back  till  hydrochloric  acid  ceaaea  to  be  evolved,  after  which  the  dis- 
ith  memiijto  remove  &ee  ehlorise,  and  then  rectified  (Be  gnaalt). 
lof  chlorine  on  disnlphide  of  carbon:  CS"  +  «C1'  -  CCl'  +  2801', 

with  vapour  of  solphida  of  carbon  by  passing  throng  the  liquid  ia 
,gh  a  red-hot  tube  containing  fragments  of  porcelain  and  connected 
rounded  with  ice ;  and  the  jeUowisb-red  mixtare  of  tetimchlorida  of 
le  of  solphnr  thereby  obtained  is  verj  alowly  added  to  an  excess  ot 
of  lime,  the  mixtare  being  agitated  from  tune  to  time  and  tAxr- 


tning  enough  ;  the  solpbidc  of  carbon  maj  be  reraoTed  by  leaving 
itin)PineoQtactwi(hpota«h-leT(Kolbe,  Ann.  Ch.  Pharm.  xlv.  41 ; 

er  (Had.  cvii,  212)  removes  the  sulphide  of  carbon,  by  dissolving 
ihol,  adding  alcoholic  potash  as  long  as  it  thenb;  acquires  a  darker 

the  liquid  gently  to  promote  the  conveaianof  the  sulphide  of  carbon 
itsssium ;  Uieu  separates  the  noHltered  chloride  of  carbon  hj  water ; 
'aahing.^.4.  By  tbeactioDOfpentachlaTideof  aatimonyondisiilpbidi 

OS"  ♦  asbci*  -  CCl'  +  asbci*  +  s*. 

omes  hot,  and  on  cooling  deposits  eryatals  of  trichloride  of  aotimoin 
I,  while  tetrachloride  ta  carbon  remains  in  the  liquid  stAte.    (Hof- 

Qo.  J.  xiii.  6i.) 

Tschloride  of  carbon  is  a  thin  transparent  coloorlen  oil,  having  a 
■dour.    Specific  gravity  I'jS.    Boiling  point  77°  C.    T^xmr-denaity 

, — (-33,  lepresentiDg  a  condensation  to  2  voU.  I  ^ x 

It  is  insolnble  in  water,  but  eolable  in  alcohol  and  in  ether. 
—Tetrachloride  of  carbon  passed  throogh  a  red-hot  tube,  is  resolved 
ind  a  tower  chloride  of  carbon,  which,  at  a  bright  red  heat  is  chiefly 
;her  tcmpentore  C%1',  and  at  a  dull  red  heat,  a  body  isomeric  wiu 

only  half  the  vapoui^dcnsity  of  that  compound  (Kegnanlt). — ■ 
Ith  iydrmrm  and  passed  Ihroogb  a  red-bet  tube  filled  with  pumice,  it 
nd  ethylene  (Be^thelo^  Ann.  Ch.  PLys.  liii.  60;  Jahnsher.  d. 
8). — 3.  With  luiphurtttid  Kydrogtn,  in  like  manner,  at  a  hjw  red 
iochloric  odd  and  sulphochloride  of  carbon,  CCl' .)   H*9  -  2Ha  -i- 


Diaaolved  in  weak  alcohol  and  treated  with  cmatgam  of  potat- 

b  of  its  chlorine  to  tbe  potasainm,  and  yields  chloroform,  CHCl*. 

iloride  ofmethyl,CHK:l",  and  mamh-gas  {Kegnanlt).— 6.  Treated 


,  with  an  upright  condensing  tube  with  fine  anif  dHuU  acid,  it  yieli 
and  chloroform,  the  latter  being  converted  by  the  further  reducing 
tnre,  into  a  body  containing  atill  less  chlorine,  probably  CHM^l' 
I.) — B.  It  is  not  decomposed  by  aqueous  potash  or  snlphydnte  of 
kclLolic  poUuh  slowly  converts  it  into  chloride  snd  carbonate  of 
ault).  Heated  with  olcohoUc  potash  to  100°  C.  in  a  sealed  tob« 
irtly  converted  into  ethylene  (Berthelot,  Ann.  Ch.  Pharm.  cix, 
to  170°  or  180°  C.  with  3  vols,  pkenylamhie,  it  yields  earbotri- 
i(Hofmann,  Pmc.  Boy.  Sot  ii,  28*)  : 

P)  +  Cd'  -  |N*.C.(CH*)'.H^HC1  +  3[(H:H'.C^')JC11. 
nine.  HrdncUontu  of  ctrbMri-  Hntroctalonls  of 

pbBiflttlsmlDe.  Phcnjlimliis. 
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A  compoand,  CCl^SO*,  formed  by  the  action  of  moist  chlorine  on  sulphide  of  carljoiL 
Bometimes  r^^arded  as  aulphite  of  tetrachloride,  ofcarfton^  but  more  probably  a  chlori- 
nated derivatiye  of  methyl-sulphurous  acid,  will  be  described  nnder  that  head. 

Triohlobidb  of  Cabbon.  CK31*.  Sesqmchloride of  Carbon,  Perehloride  of  Car 
bon,  Perchlorinated  Chloride  of  Ethylene,  Chlorure  de  Chloroxithose, — This  compound, 
which  was  discovered  and  investigated  by  Faraday  (Phil  Trans.  1826,  p.  47),  and 
farther  by  Begnaalt  (Ann.  Ch.  Phys.  [2]  Ixix.  166;  IzxxL  371),  is  produced  bj  the 
action  of  chlorine  in  sunshine  on  various  compounds  and  derivatives  of  ethyl  ud 
ethylene:  1.  On  dichloride  of  carbon,  C*C1^  (Faraday). — 2.  On  chloride  of  ethvlene: 
C-'ii^Cl*  +  4C1«  «  4HC1  +  (?C1«;  the  action  also  takes  place,  though  more  slowly  in 
diffused  daylight  (Faraday),  or  with  aid  of  heat  (Lie big). — 3.  On  chloride  of  ethyl, 
first  in  the  shade,  afterwards  in  sunshine :  C«H*C1  +  6C1«  «  CHQ  +  C«C1«  (Laurent, 
Ann.  Ch.  Phys.  [2]  Ixxxiv.  848) ;  similarly  on  mono-,  di-,  or  tri-chlorinated  chloride  of 
ethyl  (Reenault). — 4.  On  sulphite  of  ethyl,  with  simultaneous  formatu>n_  of  chlo- 


ride of  sulphuzyl,  chloraldehyde,  and  hydrochloric  add  (Ebelmen  and  Bonqaet, 
Ann.  Ch.  Phys.  [3]  xviL  66) : 

(C«H*)«so«  +  iia«  -  c«a«  +  so«ci*  +  o«a«o  +  iohcl 

5.  On  oxide  of  ethyl,  which,  in  bright  sunshine,  is  .sometimes  converted  at  once  into 
sesquichloride  of  carbon  and  chloraldehyde,  sometimes  into  perchlorethylie  oxi*!", 
C*C1'«0,  1  at  of  which  is  resolved  by  distillation  into  C»C1*0  and  (?Ci*  (Kegnault 
Malaguti).    Several  perchlorinated  compound  ethers  (carbonic,  suocimc,  £c)  aLo 

E'eld  trichloride  of  carbon,  when  similarly  treated. — 6.  On  hydrochlorate  of  ethj- 
mine: 

CH'N  +  6CP  -  C«a«  +  NH*C1  +  3Ha 

The  sal-ammoniac  is  ultimately  resolved  by  the  excess  of  chlorine  into  hydrochlorie 
acid  and  nitrogen,  which  escapes,  a  certain  portion,  being,  however,  converted  into  chlo- 
ride of  nitrogen  (Qeuther  and  Hofacker,  Ann.  Ch.  Pharm.  eviii.  61).  The  formation 
of  chloride  of  nitrogen  must  render  the  process  dangerous. — 7.  Tetrachloride  of  carboo 
passed  through  a  red-hot  tube  is  resolved  into  the  trichloride  and  tree  chlorine  (p.  765). 

Preparation. — 1.  Chloride  of  ethylene  is  exposed  to  the  sun  in  a  bottle  filled  with 
chlorine,  water  being*  frequently  added  in  small  portions  to  absorb  the  hydrochJonc 
acid  produced,  and  the  chlorine  frequently  renewed  as  long  as  any  action  is  perrf^^ 
tible.  The  crystalline  product  is  washed  with  water,  pressed  between  bibnloos  pa,fM:r, 
heated  to  sublimation,  then  dissolved  in  alcohol,  precipitated  by  water  oont^iuj; 
potash,  again  washed  with  water,  pressed,  and  dried  in  vacuo  over  sulpfaorie  acid 
(Faraday).  By  passing  chlorine  through  chloride  of  ethylene,  heated  nearly  to  th(> 
boiling  point,  part  of  that  eompoond  is  converted  into  trichloride  of  carbon,  which 
crystallises  out  for  the  most  part  on  cooling  the  liquid  with  ice  (Liebi^  Aim.  CL 
Pharm.  i.  219). — 2.  A  bottle  filled  with  chlorine,  and  containing  a  little  chloride  nf 
ethyl,  is  set  aside  in  the  shade  for  twenl^-fbur  hours,  the  chlorine  then  renewed  a^d 
the  vessel  exposed  to  the  sun :  such  exposure  at  the  b^inning  of  the  procevs  wodi 
produce  explosion  (Laurent).  Or  better :  vapour  of  chloride  of  ethyl  produced  bj  hw  t- 
ing  alcohol  with  strong  hydrochloric  acid,  and  purified  by  passing  through  water  &nd 
oil  of  vitriol,  is  brought  in  contact  with  chlorine  in  a  vessel  exposed  to  the  summer  >3q 
(Begnault).— 3.  Perchlorethylie  oxide  (C*C1'*0)  is  distilled,  and  the  distillate  i«  re^ 
peat^y  treated  with  water,  which  takes  u^  chloraldehyde  and  leaves  trichloride  of 
carbon.    (Malaguti,  Ann.  Ch.  Phys.  [3]  xvi.  6,  14.) 

Properties. — Trichloride  of  carbon  crystallises  in  right  rhombic  prisms  odP,  mo- 
dified by  the  faces  oo  j^  oo  and  the  horizontal  prism  P  oa.  Angles  of  tiis  prism  »P  - 
58^  and  122°  (Brooke) ;  69^  and  121°  (Laurent).  The  dystals  are  colouriess,  tnn- 
sparent,  and  nearly  tasteless,  but  have  an  aromatic  camphorous  odour.  They  are  tt 
hard  as  sugar,  and  easily  pulverised.  Specific  gravity  »  2*0.  Befiraeting  power  » 
1*6767.  They  do  not  conduct  electricity.  They  melt  at  160^  C. ;  boil  and  subline  at 
182^,  and  volatilise  even  at  ordinary  temperatores.    Vapour-density  «■  8'167,  cwne- 

sponding  to  2  volumes  I  -^ 5—^ x  0'0693  «  8*212  j.     Insoluble  in  water, 

soluble  in  alcohol,  still  more  in  ether ;  the  solutions  are  not  clouded  by  nitrate  of  mlvfr. 
Soluble  also  in  oils,  both  fixed  and  volatile. 

Decompositions. — 1.  By  repeated  distillation,  or  by  passing  its  vapour  through  a  red- 
hot  porcelain  tube,  the  trichloride  is  resolved  into  tiie  mehloride,  CHJi\  sad  &ve 
chlorine.—  2.  It  bums  with  a  red  light  in  the  flame  of  a  spirit-lamp,  but  is  extinguished 
on  removal— 3.  Passed,  together  with  hydrogen,  through  a  rc^-hot  tube,  it  jitiiis 
hydrochloric  acid  and  dichloride  of  carbon  (Creuther),  and  nndeiT^oes  a  similar  de- 
composition when  heated  with  sulphur,  phosphorus^  or  iodine. — 4.  Most  tnetais  heated 
in  the  vapour  of  the  trichloride  are  converted  into  chlorides,  with  separation  of  eh\T' 
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ca  pwaed  orer  led-hot  baryta,  itmntia,  or  Hwit,  jiaUi  a  chloride 

Jie  metal,  irith  depo«itiaD  of  chanxml;  ^thoxidt  <if  fine,  it  M>Be> 
iloride  oF  cu-bon  ;  irith  the  oxidct  ofeopper  uid  meratro,  tmd  with 
lie  products  are  metallic  chloride  and  arbonic  uihjdiiae. — 6.  Tha 
illwed  hy  diitUlation  with  uaeona  or  »tcohotic  pcMaih;  but  irbra 
1  »a  slcobolic  loliiticD  of  tuipkgdrale  of  petaitium,  it  jieldi  dichlo- 
^tlwr  Tith  chloride  of  potannm,  lulpbydrie  acid,  frM  aolphnr,  and 
citnpoiind,^patBnt]jre«iltiitg&tnnaie(»ndu7actiDD  (Begnaall): 

CT3'  +  aKHS  -  ova.'  +  3KC1  +  H«  +  S. 
d  tnbee  vidi  S  at.  hj/iraU  ofpela—iuM,  it  jieldi  oxalate  and  dilorid* 

CK3*  +  8KH0  -  <7K>0'  +  SKCi.  +  iWO ; 
tion  i*  tefj  imperfect,  eren  when  the  miitnre  ia  heated  to  between 
3r«eTeT»ldaTi<aBiither,  Ann.Ch.Phann.  U.  347).— 8.  Heated  to 
tabeawith  aAwA()/ii!  }i0fa«t,  it  Tielda  the  aame  piodncti,  together  with 
eth;leDe(Bei'thelot,  Ann.  Ch.FhBnD.cix.  118).  The  principal  le- 
repreaented  b;  the  equation : 

7KH0  +  (?H':K.0  -  C?K*0'  +  VKCl  +  IHK)  +  (?H*. 
iweo  nanlta  from  a  aecondary  decompoaition,  a  number  of  liquid 
■n  maolable  aabiitanCM  being  tarnoA  at  the  same  time.  Trichlorida 
tacked  hj  ammonia,  Ditric  add,  or  mlphnrie  add.  Boiling  nitrie 
lart  lepaiatiog  on  cooling,  the  reat  on  addition  of  water.  In  contact 
water,  it  does  not  yield  trichloracetic  add. 

DrCiBBOH.  (Xn*.  Proioehioride of  Carbon,  Perehlortthylen'.  CUn- 
ed  and  eiamined  bj  Faraday  (Phil.  Trana.  1821,  p.  47),  fnrther  by 
Ch.  Phyi.  [2]  Ixx.  104 ;  Ixxxi.  372).  It  is  produced  by  the  action  of  a 
ichloride  or  tetrachloride  of  carbon,  either  alone  or  in  presence  of 
766);  by  the  action  of  naacent  hydrogen  on  the  trichloride  at  ordineiy 
1  by  that  of  alcobolic  nilpbydrateof  potasaiom  on  the  trichloride,  and 
1  on  the  tetrachloride  (p.  7BB). 

..  Vaponroftrichloride  of  carbon  is  passed  throa  eh  a  red-hot  tabe  filled 
glaas,  irhereapon  a  lar^e  quantilT  of  chlorine  is  set  free,  and  the  di- 
■r  in  the  form  of  a  liquid  eolonred  yellow  by  chlorine.  It  is  purified 
ml  time*  through  the  red-hot  tube,  then  shaking  it  up  with  mercury, 
u  low  a  temperature  aa  possible  (FBrada7).^2.  The  trichloride  u 
rtiona  to  an  sJcohoHesolntionirfimlphydrate  of  potassium,  and,  ax  ■Don 
:  gnlphDrettfld  hydrogen  has  ceased,  the  liquid  is  distilled,  and  the  alco- 
ited  with  watpr :  the  dichloride  then  separates  in  the  form  of  a  heavy 
IS  is  easier  than  the  preceding  (Begnaalt). — 3.  Trichloride  of  ear- 
.  wBt<r  and  gtanolated  line,  and  s^phuric  add  added  from  time  t4 


apadfie  granfrf  I'flig  at  20°  C.  (Regnanlt), 
power  =  1-1S76  (Wollaston).     It  doM   not 

Itremaina  liquid  at- 18°C.i  boils  at  122°  (Regnanlt),  116-7° 
pour-dsDaitj,  bj  e^eiiment  —  B'82,  eorreaponding  to  2  Tolnmea. 
(  0*0693  — 6'Tfi.)     It  is  insoluble  in  water,  addi^  and  aqueous  al- 
a  in  alcohol,  ether,  and  oils,  both  fixed  and  Tolatile. 
— 1.  At  a  red  heat  it  is  reeolved  into  free  chlorine  and  the  proto- 
1.  When  its  TBponr  is  pasaed  orer  red-hot  harjita,  TiTid  ignition 
bnnation  of  chloride  of  barium  and  carbonic  anhydride,  and  separs- 
■S.  Heat«d  fbr  some  time  to  200°  C.  with  S  at  lydrote  of  poloMtitcm, 
inTertMl  into  oxalate  and  chloride  of  potassimn,  with  erolntian  of 
other,  Ann.  Cb.Pharm.  ex.  247): 
(TCI*  +  flKHO  -  C^K>'  T  4KCa  +  SH-O  +  H'. 
chlorine  in  sunshine,  forming  the  trichloride,  CCl*;  bnt  if  exposed 
I  of  ohlorine  under  a  layer  of  water,  it  yields  tricblocaeelao  add. 
.  niann-liT.  181): 

CS3'  *  2H-0  T  CI'  -  C?HC1"0*  +  3HCL 
nine  in  snnshine,  yielding  phlorohroBiid*  of  carbon,  CCI'Bf*. 
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Fbotoohlobidb  of  Carbon,  CCl*.  Suhchloride of  Carfxtfty  Julin*s  ChIoHd€of 
Carbon. — ^ThiB  compound  was  difloorered  in  1821,  by  Jalm,  a  nmnnfactarer  of  nitrif 
acid  at  Abo  in  Finland,  who  obtained  it  accidentally  in  distilling  erode  nitre  with  buret 
green  vitriol  in  cast-iron  retorts,  the  cast-iron  probably  furnishing  the  carbon^  asd  the 
crude  nitre  the  clilorine  (Ann.  Ch.  Phys.  [2]  xviii  269).  It  was  more  exartly  in- 
Testigated  by  Phillips  and  Faraday  (Phil.  Trans.  1821),  and  afterwards  by  Res- 
nault  (Ann.  Ch.  Phys.  [2]  Ixx.  104),  who  prepared  it  by  passing  vapour  of  chloroform 
or  of  dichloride  of  carbon,  through  a  strongly  ignited  porcelain  tube  filled  with  frag- 
ments of  porcelain,  dissolving  the  crystalline  product  in  ether,  filtering,  evaporating  U) 
diyness,  and  subliming.  In  performing  this  process,  care  must  be  taken  not  to  heat 
the  porcelain  tube  too  strongly ;  otherwise,  no  chloride  of  carbon  will  be  obtained,  but 
only  a  deposit  of  charcoaL 

'  Properties. — Protochloride  of  carbon  forms  white,  delicate  needles,  apparently  fon> 

sided,  having  a  silky  lustre.    It  melts,  boUs,  and  sublimes  between  176°  and  200°  C, 

,  but  may  be  sublimed  without  fusion  at  120°,  the  sublimate  then  consisting  of  loLg 

needles.     It  has  a  peculiar  odour,  something  like  that  of  spermaceti,  but  no  taste.    In 

j,  the  cold  it  is  almost  inodorous.    It  is  insoluble  in  water,  but  very  soluble  in  alcohol ; 

dissolves  also  in  ether,  and  in  hot  oil  of  turpentine,  whence  it  czystaUisea  in  needles 

I  on  cooling. 

Tlie  alcoholic  solution  docs  not  precipitate  nitrate  of  silver. 

,  The  vapour  passed  through  a  red-hot  porcelain  tube  filled  with  fragments  of  rock- 

I  crystal,  i^  resolved  into  chlorine  and  charcoaL    The  compound  bums  with  bluish  cc'lcur 

in  the  fiamc  of  a  caudle,  but  ceases  to  burn  when  withdrawn.  It  is  not  dccompoM-d 
or  dissolved  by  nitric,  hydrocliloric,  or  sulphuric  acid,  or  by  boiling  potash.  Clilonne 
does  not  act  upon  it,  even  in  sunshine.  Potassium  bums  in  its  vapour  with  inton^e 
ignition,  forming  chloride  of  potassium  and  depositing  charcoal. 

Berthelot  regards  this  compound,  not  as  CCl*,  but  as  C**C1'*.  The  vapour-deusitj 
does  not  appear  to  have  been  determined. 

CAmBOV,  OS&OSOBSOMZDB  OV.  CCl<Br>.  Bromide  of  Ptrchitrtihylrw:, 
Bromure  de  Chloroxvthose.  (Malaguti,  Ann.  Ch,  Phys.  [3]  xvi  14.) — Dichlond*-  of 
c?irl>on  exposed  to  sunshine  in  contact  with  bromine  solidifies  in  a  few  hours  to  a  ms- 
talline  mass,  which  may  be  purified  by  repeated  crystallisation  from  alcohol  The  crp- 
tills  resemble  those  of  C^Cl* ;  they  have  a  specific  gravity  of  2*3  at  21°  C,  taste  sliiilitly 
aromatic,  begin  to  volatilise  at  100^,  decompose  at  about  200°  into  bromine  and  the  di- 
chloride, anal  when  treated  with  protosulphide  of  potassium  are  resolved  into  bronude 
of  potassinm  and  dichloride  of  carbon : 

CH:Jl*Br«  +  K*S  -  CH31*  +  2KBp  +  a 


OABSOH*  BBTSOTkOW  AVB  BBTIBIA.TZOV  OV.  The  methods  of  de- 
tecting  and  estimating  carbon  and  its  compounds  have  been  already  described  under  the 
head  of  Anaz.T8Is. 

If  the  carbon  is  not  already  in  the  form  of  carbonic  anhydride  or  a  carbonate,  it  is 
converted  into  carbonic  anhydride  by  combustion,  either  in  an  atmosphere  of  oxyc^u  or 
with  oxide  of  copper  or  chromate  of  lead,  the  amount  of  carbonic  anhydride  thereby  pm- 
duced  being  estimated  by  absorption  in  strong  potash-ley  (Analysis,  Organic,  pp.  CiS 
— 238).  This  method  serves  for  the  estimation  of  carbon  in  cast-iron  and  other  uu-raii;.' 
compounds,  as  well  as  in  organic  bodies.  Gaseous  carhon-compounfis^  such  as  carNiaiV 
oxide  and  hydrocarbons,  are  converted  into  carbonic  anhydride  by  explosion  with  ex- 
cess of  oxygen,  the  amount  of  that  compound  producea  being  then  determiDed  Ir 
absorption  with  potash.    (Analysis,  Volumbtric,  of  Gases,  pp.  286 — 288.) 

Carbonates  are  decomposed  with  dilute  sulphuric  or  hydrochloric  acid,  and  the  ftir- 
bonic  anhydride  thereby  evolved  is  usually  determined  by  loss  (see  AcroiMieTBT.  p  -^8, 
and  Alkalimbtry,  p.  149).  The  presence  of  carbonates  in  any  mixture,  solid  or  iiqnid, 
is  detected  by  the  effervescence  which  ensues  on  addition  of  dilute  sulphuric  or  }iy(inw 
chloric  acid.  This  eflfervescence  may,  however,  arise  from  the  escape  of  jmlpfA  dri.* 
acid  or  sulphurous  anhydride,  if  sulphides  or  sulphites  are  also  present.  Theeo  ^as*^ 
are  readily  distinguished  from  carbonic  anhydride  by  their  peculiar  odours;  siilphydr.o 
acid  also  by  its  property  of  blackening  lead-salts.  To  detect  carbonic  anhydrido  wh^n 
evolved  together  with  one  or  both  of  tiiese  gases,  the  gaseous  mixture  is  passi^  into 
baiyta-water.  If  a  precipitate  is  formed,  carbonic  or  sulphurous  acid  mav  I't^  prt^'^rt 
or  both ;  if  the  former  alone,  the  precipitate  will  be  completely  soluble  in  tydixx'id'  re 
acid,  after  treatment  with  chlorine-water;  but  if  sulphurous  acid  is  also  presrut  it  will 
be  oxidised  by  the  chlorine-water,  and  converted  into  sulphuric  add,  which  will  tlj>*ti 
form  sulphate  of  barium,  insoluble  in  hydrochloric  acid. 

The  amount  of  carbonic  anhydride  in  a  gaseous  mixture  is  ascertained  diircrlr  W 
absorption  with  potash,  sulphurous  anhydride  or  sulphydrie  acid,  if  preceot  havinjj 
been  previously  removed  by  absorption  with  peroxide  of  manganeve  (p.  26S)l 


I.I 
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1  (olotion,  either  frn  or  eombiaed,  in  a  minaral  nter  fbr  «»«n.pL>, 

ding  uDinoiua  tnA  cfaloridp  of  calcium,  and  leanng  tlie  liqmd  (O 
aak  for  WTcral  boon.  The  earboaic  add  U  tbereb;  precipitated  a* 
m.  coataicio^  43-88  per  cant;.  CO*. 

carbonic  acid  ja  the  air,  ■  luge  quaotit;  of  air,  tlie  Tolnms  being 
pintor  (p,  127),  a  passed  Ihrongb  a  wrin  of  weighed  potaah-bulba. 

to  shake  ap  a  qnantit}'  of  air  ia  a  elowd  TMael  of  known  capwntj, 
ime-water  of  known  itrength,  and  then  determine  the  quanti^  ol 
rambined  b;  means  of  a  atandord  loliition  of  oxalic  add.  Thia 
sedition,  and  aflbrda  the  meana  of  qoicklj  determining  the  varying 
:  acid  in  Uie  Mmal  parta  of  an  iiihabit«d  apartment  at  difia«nt 


if  a  given  weight  of  carbon. — 3.  Bj  comparing  the  weishta  of  equal 
:  anhydride  and  oiygen.  it  being  mppoeed  that  carbonic  anhydride 
jiume  of  oxygen. — 3.  From  the  weiglit  of  metallic  ailrer  obtained 
of  oiganic  ulTci^ulta. 

la  the  Ant  ia  conddered  the  moat  tnutworthy.  The  amonnt  of  Cal- 
odnced  by  the  combuftion  of  carbon  wae  delfrmined  with  a  Teij 
1  to  the  truth  by  LaToider  in  I77S,  sfterwardu  with  more  or  leaa 
n-Morreaa  (17Bfi),  Clement  and  Desormee  (1B02).  Allen  and  Feprya 
ire  (1809);  bnt  the  moct  exact  det«rminstioaa  are  thoee  made  by 
I  (Ann.  Ch.  Phya.  [3]  L  1),  and  b;  Erdmann  and  Marehand 
.  1S9).  Thcae  chemisis  humed  weighed  qaantitira  of  diamond  or 
le  of  copper  aod  oxygen  gaa,  and  weighed  the  carbonic  anhydride 
itaah-apparatua,  aft^r  it  had  been  tnM  trom  a  very  BmallqnantitT 
by  paasing  oter  chloride  of  calcinm  or  sulphuric  add.  Xbe  amall 
J  uh  was  deducted  from  the  weight  of  the  carbon  employed,  and 
ter  produced  in  the  combostion  likewise  taken  into  account, 
the  qoanti^  of  carbon  which  combines  with  200  pta.  of  oxygen  to 
rdride  was  found  by  Dumas  and  SCas,  in  fourteen  experimenta,  to 
he  limits  T4'ST  and  7S-12,  the  mean  result  being  7fi-00£,  with  a  pro- 
013.  Erdmann  and  Marchand,  in  nine  eiperimente  similarly  con- 
unbenTsryiDgbetweien74'8lBnd7fi'lS.  the  mean  being  75038.  Now 
lides  of  carbon,  carbonic  anhydride  contains,  with  the  same  quantity 
much  aiygeu  aa  carbonic  oxide,  these  compounds  may  be  repreaented 
)'  and  CO,  a  view  of  their  constitution,  which  is  likewise  in  acoord- 
he  other  compounds  of  carbon.  Henca,  fhnn  the  aboTS-msntioned 
the  composition  of  carbonic  anhydride,  it  fallows  that  if  the  atomis 
-  IDO,  that  of  carbon  will  be  7S,  and  on  the  bydrogeo  scale : 

If  0  -    B,  G  -    6 

and  if        0  -  IS,  C  -  13. 


pting  the  nnmban  in  the  last  line  are  Ailly  detailad  in  the  uticU 
[pp.  4Ga — 462). 

Kid  of  detarmining  the  atomic  weight  of  carbon  was  first  adopted  W 
ong  in  IBIB.  From  spedfic  gravity  determinations  then  made  it 
:  equal  volumes  of  carbonic  anhydride  and  oxygen  wdghed  1'9415 
drelj ;  and  assuming  that  carbonic  anhydride  contained  its  own 
the  difference  of  the  two  numben  gave  the  weight  of  the  carbon  in 
irhenee  it  was  calculated  that  the  atomic  weight  of  carbon  on  the 
■  100)  was  7B'S28.  which  nomber  was  adopted  as  correct  for  twenty 
Vntie,  following  the  same  method,  but  taking  into  acconnt  the  mors 
3f  eip&ndoD  of  the  gHaes  determined  by  Kadberg,  Hagnoa,  and 
I  the  number  7S-11.  Determinations  not  much  differing  troa  this 
manner  by  otiier  eiperimrnteis ;  bnt  the  method  is  not  capable  of 
;t  results,  becanse  the  alterations  of  volume  sustained  by  oxygen 
Iride  fbr  equal  variations  of  temperature  and  prreeure  are  not  equal, 
he  assumption  that  oxygen,  in  being  converted  into  carbonic  anby- 
0  change  of  volume,  cannot  be  true  for  all  temperatures, 
od,  fonnded  on  the  analysis  of  the  silver-salts  of  organic  arid*,  was 

fand  Redtenbacber  (Ann.  Ch.  Pharm.  xxxriii  lis).    Assuming 
^  12-48  (0  ^  100),  these  chcnii-ta  obtain^  as  the  mean  result  (rf 
-  75-854.     The  more  exact  deteminations  since  made  of  the  atomic 
mid  lead  to  ■  slight  alteration  in  this  result.     Strecker,  tiwn  tho 
3D 
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same  experiments,  and  without  aasuming  the  atomic  weights  of  silver  u  pren^a^]? 
known,  calculated  the  atomic  weight  of  carbon  as  «  76-A16 ;  but  this  method,  a»  wtll 
as  the  second,  is  not  considered  so  trustworthy  as  the  first,  the  result  of  which,  ob< 
tained  by  Dumas  and  Stas  is  now  universally  adopted. 

CAXBOlVf  ZOimB  OVa  No  compound  of  carbon  and  iodine  has  yet  be^^n  ob- 
tained. Iodoform,  CHI',  was  formerly  supposed  to  be  an  iodide  of  cairbon,  the  hydrogen 
contained  in  it  having  been  overlooked.     (Gm.  viL  335.) 

OAMMOM9  VZTAZDB  OV.  Onlv  one  compound  of  carbon  and  nitrok;t>n  is 
known  with  certainty,  viz.  Cyanoobn,  CN  {q.  v.)  Many  cyanogen-compounds  yield  \y 
calcination  a  residue  called  mellone,  which  Liebig  regards  as  a  nitride  of  carWo  con- 
taining C'N*.  It  does  not,  however,  appear  to  have  been  obtained  quite  frtv  fn.m 
hydrogen  (see  Mellons  and  Mbllonides).  According  to  Thaulow,  a  p^fculiar  nitnii? 
of  carbon,  isomeric,  but  not  identical  with  cyanogen,  is  obtained  by  ignition  of  t^uniac 
of  silver  (see  Cabbazotb,  p.  757). 

OABBOB,  OZZBB8  OV.  Two  oxidee  of  carbon  are  known,  the  protoxide  CO, 
and  the  dioxide,  or  carbonic  anhydride,  CO^  commonly  called  carbonic  acid,  B(*tb  are 
produced  by  tlie  direct  combination  of  carbon  and  oxygen ;  the  foimer  is  known  omy 
m  the  gaseous  state :  the  latter  is  gaseous  at  ordinary  temperatures. 

DioxiDB  OF  C  ABB  ON.  Cabbonic  Anhtdbide,  CO^  AnhydrouB  C<tr^»}ic 
acidt  Fixed  air^  Mephitic  air^  kohlenaaures  aas^  Kohtensdure^  Gas  aylvtstre^  Spintus 
tylvestria. — ^The  evolution  of  this  ffas  in  the  burning  of  lime  and  in  fermentation,  was 
known  to  Paracelsus  and  Van  Heunont,  the  latter  of  whom  gave  it  the  name  of  c/of 
tylvi'stre ;  its  properties  were  afterwards  investigated  by  Hales,  Black,  Cavendisli, 
Priestley,  and  Bergmann,  but  its  true  composition  was  first  demonstrated  by  Lavoiviff, 
who  showed  that  it  was  a  compound  of  carbon  and  oxygen,  containing  28  per  ceuL 
carbon  and  72  oxygen,  numbers  approaching  very  nearly  to  the  proportions  now  reeeiviAl 
as  correct,  viz.  2727  carbon  to  7273  oxygen  (p.  769). 

Carbonic  anhydride  is  formed  by  the  combustion  of  carbon  in  oxygen  gas,  or  in  th« 
air.  It  is  a  constant  product  of  the  ordinary  processes  of  combustion,  inasmuch  a>  dJ 
substances  used  for  fuel,  such  as  wood,  coal,  oil,  wax,  taUow,  &c.  contain  carbon.  It  m 
likewise  formed  by  the  respiration  of  animals,  in  various  processes  of  ferment.ntion.  a^ 
in  the  preparation  of  wine  and  beeT,  and  by  the  decay  of  animal  and  veget;iMf  $u!i- 
stances.  It  issues  from  fissures  in  the  ground,  in  various  localities,  chiefly  in  vok-^ziic 
districts,  and  is  ejected  in  enormous  quantities  from  the  craters  of  active  voic;4u.><. 
From  all  these  sources  it  is  continually  being  poured  into  the  atmosphere,  of  winch  \t 
therefore  forms  a  constant  constituent:  the  average  amount  of  it  contained  in  tht-  ya 
in  the  open  country,  is  4  volumes  in  10,000;  in  tiie  air  of  crowded  towns,  it  i.*  ttr.Q 
much  greater  (p.  437).  It  exists  also  in  larger  proportion  at  the  bottom  of  wells,  niims, 
quarries,  and  caverns,  especially  in  limestone  districts,  where  it  is  evolvni  fnm 
fissures  and  does  not  readily  escape,  in  consequence  of  its  greater  density.  CarU'ii  >* 
anhydride  (or  acid),  exists  also  in  solution  in  all  natural  waters,  some,  as  t}io«>  ••/ 
Seltz,  Vichy,  and  Spa,  containing  it  in  such  quantity  as  to  give  them  an  effenrcscin!? 
character.  Lastly,  it  is  produced  by  the  decomposition  of  carbonates,  either  by  lnat  <  r 
by  the  action  of  the  stronger  acids,  and  is  a  frequent  product  of  the  decompositioL  uf 
oi^nic  bodies  at  high  temperatures. 

Preparation. — The  easiest  way  of  obtaining  the  gas  is  to  decompose  chalk,  or  marble; 
with  hydrochloric  acid,  in  an  ordinary  generating  vessel,  provided  with  a  gas-deii^eiy 
tube  * 

Ca^CO*  +   2Ha   =   Ca'Cr-'   +    CO*  +   H*0. 

Dilute  sulphuric  acid  may  also  be  used,  but  it  is  less  convenient^  as  the  sulphat*'  r^i 
calcium  produced  forms  a  hard  mass  in  the  vessel,  which  is  diflScult  to  extract^  whtivj's 
chloride  of  calcium  is  easily  soluble :  moreover,  the  chloride  is  more  ns'^ful  as  a  pv-j- 
dual  product.  The  gas  may  be  received  over  water,  or,  as  it  is  very  ht-avy,  it  nmy  >« 
collected  by  simple  displacement  of  the  air,  the  delivery-tube  lK*ing  bent  vertittjtily 
downwards,  so  as  to  reach  to  the  bottom  of  the  receiver.  This  is  also  the  myA 
convenient  mode  of  collection  when  the  gas  is  required  dry,  a  desiccating  tube  contain- 
ing dry  chloride  of  calcium  or  pumice-stone  soaked  in  oil  of  vitriol,  btung  interp<«?t?d 
between  the  generator  and  receiver.  On  the  large  scale,  carlx)nic  anhydride  may  be 
obtained  by  heating  chalk  or  marble  to  redness,  in  an  iron  or  earthen  retort 

Properties. — Carbonic  anhydride  is,  at  ordinary  temperatures  and  pressures,  a  coloor- 
less  gas,  but  may  be  liquefied  by  cold  or  pressure  (p.  771).  Its  specific  gravity  in  th« 
gaseous  state isl-5241(Regnault),  being  rather  more  than  Ij  times  that  of  air.  In 
consequence  of  this  great  density,  it  may  be  poured  from  one  vessel  to  another  lik»  • 
liquid,  and  often  collects  at  the  bottom  of  wells,  mines,  and  caverns,  as  in  the  Gr^'tu^ 
dd  Cane  near  Naples,  the  atmosphere  of  which,  within  al.)out  a  foot  of  the  ground,  ii 
highly  charged  with  the  gas,  while  the  upper  partis  comparatively  free. 

From  the  experiments  of  Begnault,  it  appears  that  the  density  oi'  cartwuic  anbyun«l* 
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bonli:  aiih;dridj>  diitili  om  from  the  tint,  which  u  still  warm,  and  coodnuM  ii 
Kqnid  itate.  Alter  about  a  Diiaut«  the  cocka  an  clowd,  the  ejlinden  aeparalfd 
t^tigt  in  the  first  nnewed ;  and  this  seriM  of  operatiana  ia  rap«tod  aercial  tima 
the  second  irrlioder  is  about  two-thirda  Wed  with  liquid  carbonic  anhydride. 

laquid  carhonio  anhjdrida  is  coloarlno  and  Teiy  aolable  in  alcoholt  ether,  a&d 
tile  oila,  but  does  not  mix  with  water.  Spec^  gravity  0*90  at  — 3D°C.;  0-1 
IX'C.;  0-60  at  +  30^0.  (Tbilori«r).  It*  tenaion  at  different ttmperaturea  ii  i 
in  th«  Ibllowing  tablB. 


T„».h. 

• 

t™p.  c. 

rur-J.^. 

^,. 

T«p.C. 

Don, 

~-»t= 

41 

ill 

•0 

n 

gaeiMnte^ 


Solid  Car&onie  Ankvdridt. — When  tha  liquid  anhTdrida  ia  auddeolj  irlimd 
the  peaanre  under  which  alone  it  can  exiat,  part  of  it  flaahea  inatantly  into  n 
and  in  ao  doing  produces  so  great  a  degree  of  cold.  Iliat  the  remaiuiug  portion  of  the  1 
aolidifle*.  To  obtain  the  eolid  anh  jdrida.  the  receirer  containing  the  liquid  ia  pni 
with  a  tabe  paaaing  throuEh  its  aide,  and  reaching  nearly  to  the  opposite  aide,  x 
when  the  cylinder  is  aet  horiiontally,  this  tube  dips  into  the  liquid.  On  opei 
atopcock  provided  for  thepnrpoee,  a  quantity  of  the  liquid  is  forced  out  by  thepn 
of  the  gas  above  it,  and  forma  a  white  cloiid  of  tha  solid  anhydride,  aa  it  iaaue 
the  air.  By  causing  this  jet  of  vapour  to  paae  into  a  eyUndrical  metal  box,  b 
within  it  an  inclined  metal  tongue,  against  which  the  jet  of  liquid  and  Tapoi 
pinsea,  and  ia  thus  made  to  cinnlata  within  the  box  ror  some  little  time  Ml 
fln^j  escapes,  a  coniiderable  quantity  o^  the  solid  anhydride  may  be  collected  i 
fbnu  of  a  while  flocculent  mass  like  anow. 

Solid  carbonic  anhydride  may  be  left  exposed  to  the  air  ftar  some  little  time  wi 
evapoisting.  bacanse,  like  all  flocculent  subatancea,  it  condneta  heat  but  slowly 
tension  is  114  atmospheres  at  -n-fC;  1-Uat— 77-2°;  2-28  at  — 70fi°; 
-aa^O;  4-6  at  -B9'4»;  S-33  at  -570  ^Faraday).  An  air  or  spirit  tbernw 
immeiMd  in  it  sinks  to  — T8°C  Hotwithstanding  this  low  temperahire,  thi 
substance  may  be  placed  on  the  hand  without  occasioning  a  Ten  acute 
CO  d,  because  it  doca  not  come  into  doae  contact  with  the  skin,  being  se 
it  by  a  film  of  vspoiir ;  but  if  preMed  between  the  Sngers,  it  prodncea  a  Tery  p 
■ensation,  and  raises  a  blister  Uke  a  bum.  By  mixing  it  with  ether,  its  heat-coi 
ing  power  is  greatly  increased ;  it  thereforo  eraporetea  more  qnickly,  and  pre 
much  more  powerful  frigorifie  elTect^  Mercury  ponred  into  it  solidiflea  instantl 
maaa  like  lead.  The  cold  which  it  produces  is  sufficient  to  liquefy  snlpbydric 
chlorine,  nitrous  oiide,  and  several  other  gases.  The  intensin  of  the  cold  may  I 
farther  increased  by  placing  the  miilUK  under  an  eihsDeted  reeeiTer.  The  I 
latore  then  sinks  to  a  degi:«e  at  which  the  liqnid  anhydride  is  not  more  voUtiL 
water  at  30°  C,  and  alcohol  assumes  the  connelrnce  of  athick  oil,  but  does  not  so 
By  exposing  lo  this  bath,  tubes  of  glass  or  copper  in  which  gaaea  have  been  eomp 
by  H  forcing  pump  to  40  atmoapherea.  Faraday  has  sua^eded  in  liquefying  i 
known  gasee,  excepting  o^gen,  hydrogen,  nitric  oxide,  carbonic  oxide,  and  man 
•ud  iu  solidify-ing  n  considerable  number  of  them.  Carbonic  anhydride  itaelf  ai 
to  this  temperature  and  preasure,  is  reduced  to  a  vitreoua  transparent  rasaa. 

Carbonic  Acid. — ^Qaseous  carbonic  anhydride  diwolves  in  about  ita  own  i 
of  water  at  ordinary  temperaturee,  forming  a  solution  of  spedSc  gravity  I  '001 
has  B  sharp  and  slightly  acid  taste,  turns  the  blue  colour  of  litmus  to  wine-red,  ps 
neutialiBes  altuJis,  and  dissolves  the  carbonates  of  barium,  strontium,  cateivm 
nesium,  &e.  It.  therefore,  ponesses  acid  properties,  and  &om  the  compoeition 
carbonates,  we  may  infer  tbat  it  contains  an  acid  of  the  composition  H'CO'.  Bl 
acid  cannot  be  isolated,  as  heat,  diminished  pressure,  or  congelation  immediati 
•otvea  it  into  water  and  carbonic  anhydride.  In  short,  wbnnie  add  as  a  d 
compound  cannot  be  said  lo  be  kuown. 


CAEBON :  OXIDES. 

of  cubonie  anh  jdride  diwolTod  i 


Ten  pKaanre,  the  Tolnme  of  gx  abaoibed  dimbiiiha  m  tha  temperatoi 

I  bailing  heat,  th«  whotg  of  the  gat  ia  driven  off;  hence  carbinue  ad 
an  uutby  carboDoU  in  aolution  depoeiU  it  when  the  liquid  ii  boilM 
ue  of  the  furring  of  kettles.  t»ilen,  &e.,  in  vhich  spring  or  rJTar-wfttc 
bonate  of  caldnm  dissolved  in  thia  muiner,  is  boiled. 
ienta  of  absorption  of  carbonic  snh;dride,  tliat  is  to  saj  the  Tolnmc 
'  C.  and  0760  mel>)  irhich  I  voL  of  water  absorbs  nndei  the  pnamia  I 

sfOM  Vol.  ofGH 
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ometrr.  Bee  also  the  article  Qima,  Auoution  or.) 
h  has  been  wtonted  with  carbonic  acid  under  prFSBare,  ^tob  it  np  wit 
ence  ss  soon  as  the  presmre  is  removed.  The  various  kinds  of  siiiTate 
iter,  efftrvucitig  Ittmrnade,  Six.,  consist  of  water  im[iregiiBtcil  by  meehi 
wilh  Urge  qnaatitia  of  carbonic  acid,  and  flavonral  with  vajious  ssliii 
'•dients.  (For  a  deocription  and  flgnre  of  Trior's  soda-water  maehim 
■tionary  of  Artt,  Idant^actvra  and  Mmtt,  iv.  728.)  Champagne  an 
jng  wiDM  and  bottled  beer  likewise  owe  their  a^kling  poperties  I 
if  Uiis  gas ;  bat  in  these  liquids  the  carbonic  acid  is  produced  bj  til 
tseU|  tlw  wine  ta  beer  being  bottled  befbra  the  fermeDtwon  is  complet 
tsidenble  qnantity  of  the  gat,  «4uch  would  ot)ianriae«tespeint«  the  al 

isTiouT  of  aqaeous  carbonic  acid  to  basea,  see  CaxsoiiaTis. 
>ioiCAaBoir.  C&BBOHio  OziDB.  CO.— This  compound,  which; 
I  the  gaseous  state,  was  diaeoTered  towards  the  end  of  the  last  centniy  I 
bj  Prieotlej  ;  bnt  ita  true  iiatnre  wtLs  firat  recognised  some  Tears  lAeJ 
odbonBe(Oilbert'sAnnalen,iz.423).  It  is  produced :  1.  B;  the  ox 
OD  at  very  high  temperatum.when  the  supply  of  oxygen  is  not  snffldei 
fte  conTeraion  of  the  carbon  into  carbonic  anhydride  (p.  763). — 2,  Wh( 
dride  ia  exposed  to  a  red  beat  in  contuct  with  hydrogen,  carbon,  metal 
«  which  can  abstract  part  of  the  oivgea :  hence  it  is  always  produced  i 
ke  Bks,  when  the  draught  of  aii  has  to  pass  upwards  through  a  coi 
I  of  red-hot  fhd,  and  i«  Uie  osnae  of  the  bine  flame  almort  alwaja  see 
sneh  Area, — 3.  It  ia  also  formed,  together  with  bydrogm  and  carbon 
Vn  T^om  of  water  is  passed  over  red-hot  noke  or  charcoal  A  samp 
I  miitun  thus  finrmed  was  found  by  Bonsen  to  contain  M'OS  Tolnmea  p< 
igen,  2S-IS  carbonic  oxide,  14'flfi  carbonic  anhydride,  and  0'17  earbunlM 
.  Carbonic  oxide  if  produced,  either  alone  or  together  with  carbon 
tha  redaction  of  metallic  oxides  by  carbon  at  a  strong  red  heat  Tl 
om  i>on  blaat-furnaces  contains  from  2d  to  32  per  oenL,  that  fiom  ooppa 
toes  from  13  to  IB  Hi  cent,  carbonic  oxide  (Bunsen,  Pogg.  Ann.  xli 
■y  In  the  dij  disbllatioa  of  man;  Mganie  oompoimda. — 6.  In  tha  d 
f  oxalic  acid  and  formic  add  by  staong  sn^nrie  aoidt 
(7HW  -  CO  +  C0«  +  H»0 


CHKH   -CO  +  H^) 
Fonxle 
kU. 

ompcttitum  of  ciTslallised  forotiyanide  cf  potasainiii  bj  filnhnrie  tc 

1HK>  +  6HW)*  +  8HK)  -  600  +  !t(IH*)"SO'  +  2KW)'  +  Fe'SC 
Rtv-  ■nlptuUDf         gulphua        Farm 
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CARBON:  OXYCEILORIDE. 


Preparation.  —  1.  By  heating  to  redness  in  a  gnn-bairel  fitted  with  a  gna-delircry 
tahe,  a  mixture  of  oxide  of  iron,  rinc,  lead,  or  copper  with  charcoal  or  graphite ;  or  of 
an  alkaline  or  earthy  carbonate  (chaUc  for  example)  with  graphite,  chamal,  or  iron 
filings ;  or  by  paasing  carbonic  anhydride  repeatedly  orer  red-hot  iron  or  eharcoaL 
By  either  of  these  methods,  carbonic  oxide  is  obtained  mixed  with  carbonic  anhydride, 
fpoim  which  it  may  be  freed  by  passing  the  gas  through  milk  of  lime  or  strong  potash ; 
it  may  then  be  collected  orer  water.  The  charcoal  used  most  be  prerionaly  w^l  ignited 
to  free  it  from  moisture  and  absorbed  gases. — 2.  By  heating  in  a  flask  a  mixture  ot 
oxalic  acid,  or  an  oxalate,  or  a  formate,  with  excess  c^  strong  sniphnric  acid,  and  remor* 
log  the  carbonic  anhydride  evolred  when  oxalic  add  or  an  oxalate  is  used,  as  before. — 
3.  When  crystallised  ferrocyanide  of  potassium,  in  the  state  of  powder,  is  heated  in  a 
flask  with  eight  or  ten  times  its  Tolume  of  sulphuric  acid,  carbonic  oxide  ia  erolred 
quite  free  from  carbonic  anhydride,  and  mixed  only  with  a  small  quantity  of  n^ur 
of  hydrocyanic  acid,  resulting  ftom  another  reaction  which  takes  place  at  the  same 
time,  if  the  quantity  of  water  present  is  more  than  sufficient  for  the  above  deoomposi- 
tion  (see  Febroctamedhs).  This  is  the  most  convenient  mode  of  preparing  carbonic 
oxide.  Care  must,  however,  be  taken  not  to  raise  the  heat  higher  than  is  neoesBaiy 
for  the  complete  lique&ction  of  the  mixture ;  for  at  that  point  the  evolution  of  carbonic 
oaude  ceases,  and  if  the  heating  be  continued,  the  excess  of  sulphuric  acid  acts  on  the 
ferrous  sulphate  produced,  converting  it  into  ferric  sulphate,  and  being  itself  reduced 
to  sulphurous  anhydride,  which  escapes  as  gas  and  mixes  with  the  carbonic  oxide. 

Propertus, — Carbonic  oxide  is  a  colourless  gas  of  specific  gravity  0*96799  (Wrede); 
its  molecule  CO  therefore  occupies  two  volumes : 
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It  is  perfectly  neutral  to  vegetable  colours,  and  very  roaringly  soluble  in  water, 
wtiich,  according  to  Bunsen,  dissolves  only  0*024  or  about  -^  of  its  bulk  at  16^  C  '  It 
is  a  very  poisonous  gas^  acting  chiefly  on  the  nervous  system,  causing  giddiness  when 
inhaled,  sometimes  also  acute  pain  in  various  parts  of  the  body,  and  after  a  while 
complete  asphyxia.  According  to  Leblanc  ^Ann.  Ch.  Phys.  [3]  v.  223),  it  is  to 
this  gas  that  the  suflbcating  quality  of  air  in  which  charcoal  has  becoi  burnt  is  chiefly 
due. 

Carbonic  oxide  does  not  support  the  combustion  of  bodies  which  bum  in  oxygen, 
but  in  contact  with  the  air  it  takes  fire  on  the  approach  of  a  burning  body,  and  bums 
with  a  blue  flame,  producing  carbonic  anhydride.  Mixed  with  excess  of  oxygen,  it 
may  be  exploded  by  the  electric  spark,  2  vols,  of  it  then  uniting  with  1  voL  oxygra 
and  producing  2  vol  carbonic  anhydride  CO-.  Now  as  2  vols.  GO'  contain  2  vols, 
oxygen,  it  follows  that  1  vol  oxygen  must  have  been  derived  from  the  carbonic  oxide. 
Hence  carbonic  oxide  contains  half  its  own  volume  of  oxygen.  Kow  the  weight  of 
2  vols,  carbonic  oxide,  compared  with  hydrogen,  is  28,  which,  diminished  by  16,  the 
weight  of  I  voL  oxygen,  leaves  12  for  the  weight  of  1  atom  of  carbon.  Hence  in  carbonic 
oxide  the  same  weight  of  carbon  is  united  with  exactly  half  as  much  oxygen  as  in 
carbonic  anhydride. 

The  combustion  of  carbonic  oxide  may  be  brought  about  by  contact  with  plaUnwn, 
A  wire  or  foil  of  the  metal  requires  to  be  heated  to  300*^  C.  to  induce  the  combustion : 
spongy  platinum  acts  at  ordinary  temperatures,  without  becoming  sensibly  heated ; 
but  platinum-black  introduced  into  the  mixture  of  carbonic  oxide  and  oxygen  becomes 
red-hot  and  produces  explosion. 

Carbonic  oxide  reduces  certain  metallic  oxides  at  a  red  heat,  viz.  the  oxides  of  copper, 
lead,  tin,  iron,  Sec  It  plays  indeed  an  important  part  in  the  smelting  of  many  metals, 
especially  of  iron. 

Carbonic  oxide  is  rapidly  absorbed  by  a  solution  of  cuprous  cHoride  in  hydrochloric 
add,  also  by  ammonical  solutions  of  cuprous  salts.  This  reaction  afllbrds  an  excellent 
method  of  removing  carbonic  oxide  from  a  gaseous  mixture  (p.  283).  It  rediic«^s 
gold  from  the  neutral  solution  of  its  chloride  without  the  aid  of  heat. 

Carbonic  oxide  unites  directly  with  chlorine,  forming  oxyehloride  cf  carbon  or  pb  os- 
gene  gas ;  also  with  potaanum.    (See  Potassiuic.) 

It  is  absorbed  by  hot  hydrate  of  potasHum,  yielding  formate  of  potassium, 
CO  +  KHO  «  CHEO>.    (Berth elot»  Ann.  Ch.  Pharm.  xcvii  125.) 

OASBOV,  OXTOH&OSIsa  or,  COCl*  or  Chhride  of  Carhonyf  (COf.Cl'. 
Chlorocarhonic  oxide.  Ch/oroearboru'o  acid.  Phosgene, — ^This  compound  was  discovered 
hy  J.  Davy  (Phil.  Trans.  1812,  p.  144),  who  obtained  it  bv  exposing  to  the  sun*!  nvs. 
a  mixture  of  equal  volumes  of  chlorine  and  carbonic  oxioe.  The  mixtuie  gndoillj 
becomes  colonrfess  and  contracts  to  half  its  original  volume.    The  same  action  takfs 


CARBON:  SULPHIDES.  7T« 

I  dilRiMd  dsjligfat ;  none  whatever  in  tki  dark.    The  nvne  phoageni 

n  to  the  gu  mgaifiea  a  compoond  formed  bj  light 

I  of  nrboD  may  be  mare  cODTenientl;  piepired  by  puaing  carbonic 

ling  pentachloride  of  antimonj,  tbftt  componod  being  at  the  aame  time 

^blonde.    The  gaa  must  be  received  over  merciuj.  an  water  decampoBn 

,  Aitn.  Ch.  Fhuta.  lix.  139).    It  ia  llkeviae  produced  when  carbonic 

1  over  nd-hot  chloride  of  lead  or  chloride  of  ailviir,  and  in  the  following 

I  of  organic  bodipfl  : 

ij  diitillation  of  trichloracetatei : 

CCl'MO-  =  COCP  +  CO  +  MCL 
y  diatillatioa  of  certain  perchlorinated  metbjLic  ethen.  i.  g.  of  Hmfar- 
>  2COC1' ;  and  of  the  oxalatt,  CCI'O'  -  COCI*  +  3C0. 
lion  of  a  large  eiceaa  of  atioiig  luliiharie  cad  on  the  ao-called  Eolphita 
B  of  carbon  (p^  766}: 

CCl'80"  +  H-0  -  COCl"  +  2Ha   +  SO', 
of  earixin  ii  a  colonrlees  gia  having  a  suflbcating  and  tear-eidtiiig 
eciflc  gravit;  ii  3-6S08  (Davy),  3-4149  (Thomaoo);  calcnlated  for  ■ 

0  two  vohunea,  it  ia 

"^  ■'*'■'"  .  0«.S  -  J«0. 
ig  power  ii  S-SSe.    It  reddeni  moiitened  litmiw-paper ;  doM  not  fuiM 

of  carbon  ii  decompoied  by  «attr,  yielding  carbonic  anhydride  and 

cid: 

COCT'  +  HK)  -  CC  +  2Ha 

1  with  an  equal  volume  of  hydrogen  and  half  its  volume  of  oxygen,  it 
ntly  on  the  paeaage  of  an  electric  apuk.  yielding  the  aame  prodncta. 
ijgen  or  hydrogen  alone,  it  is  not  eipfodeil  bj  the  electric  apark. 
ontinumy  heated  in  the  eaa  take  up  the  chlorine,  and  leave  carbonic  oxide 
e  to  the  original  gas.  Many  metallic  oxides,  oxide  of  tine,  for  example 
with  the  aid  of  heat,  forming  a  chloride  of  the  metal  and  carbonic  aS' 

in  volume  to  the  original  gaa.      J^ioxidi  of  antimony  prodocaa  tri 
entoxide  or  tctiDiidc  of  antimonv,  leaving  carbonic  oxide, 
it  ia  converted  into  cblorocarbomc  etbera,  e.  g. : 


niagat,  oxychloride  of  larbon  prodncea  ealbamide  (p.  Tfi!)  and  chlorjda 

With jjAtny'iimine  and  miiny  other  orj""~""  "" '* *" "~  '"' 

ubstitntion-derivativea  of  carbamide. 


iUxmiiit  and  muiy  other  organic  bases,  it  reacts  in  like  m 


OV.  Only  one  of  these  campODDda  ia  known  with 
the  diinlphide  correspondinE  to  carbonic  anhydride.  The  formation  ol 
ie,  analogoua  to  carboiilc  oxide,  was  annonnced,  in  1S5T,  by  BaDdrimonl, 
lents  have  not  been  confirmed.     (See  page  777.) 

Di  or  Cabboh.  CS*.  Bitvipkidt  of  Carbon.  SidpAocarbotiic  Acid. 
.  Qehlen'a  N.  idlg.  Joum.d.  Chem.ii.  182;  CUment  and  DeBorme% 
lii.  121;  Vauquclin  and  Bobiquet,  ibid.  Ixi.  14S ;  Berthollet, 
d  Vauquelin,  ibid.  IxiiL  2G2:  Berzelina  and  Marc et,  Scbw.  J.  ix. 
iuB,  Gilb.  Ann.  xlviiL  177;  Fogg.  Ann,  t1.  Hi;  Zeiee,  Sohw.  J.  ixvi 
I;  iliii.  IflO;  Couerbe,  Ann.  Ch.  Pbvs.  [2]  lii.  226;  Kolbe,  Ann.  Ch. 
);  ilix.U3;  Peloaae  and  Frimy,  Traili  di  CAi'niw,  4- M.  L  923).— 
d,  which  was  discovered  by  Lampadius  in  1796,  is  prodaced  bj  the 
ition  of  iulphor  and  carbon  at  high  tempemtorea,  and  in  the  decompoei- 
jrganic  componnda.  Sulphnr  and  carbon  do  not  combine  when  simply 
!T  in  liie  solid  state,  because  the  sulphur  volatilises  before  the  r«qniaite 
■  attained ;  but  if  charcoal  be  beaWd  to  redneas  and  anlphnr-vi^ar 
the  carbon  bums  in  that  v^ionc,  forming  CS*. 

Ig  small  qniuitities  of  the  disulphide,  a  porcelain  tube  is  filled  with  f^- 
i^i  and  inserted  in  an  inclined  position  through  a  ftimace  having  holes 
rhe  uppvr  oiCremity  of  the  tnbe  is  cloeed  with  a  cork,  and  the  lower  is 
.  bentglaaa  tube,  with  ■  bottle  coutainiog  watvr,  the  lower  end  of  the  bent 
hrough  the  cork  and  dipping  Just  below  the  surface  of  thewal«i.    When 
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the  charcoal  is  red-hot,  the  upper  end  of  the  tub«  is  opened  and  a  piecv  of  nlplrer  ^ 

in ;  the  nulphnr  melts  and  runs  down  to  the  lower  part  of  the  tube,  wbere  it  roUtiliM 

and  combines  with  the  carbon,   forming  disolphide  of  carbon,   which  jwn  off  u 

vapour  and  condenses  in  the  liquid  form  at  the  bottom  of  the  water.     For  laigtr  <)•»- 

titles,  a  tubulated  earthen  retort  is  used,  having  a  porcelain  tube  passiiig  through  tae 

tubulus,  and  reaching  nearly  to  the  bottom.    The  retort  is  filled  witn  charcoal,  h«atc4  to 

rtniness  in  a  furnace,  and  bits  of  sulphur  dropt  in  through  the  tube.     The  neek  oftiu 

retort  is  connected  with  a  condensing  tube  kept  cold  bj  a  stream  of  water,  and  ^amitg 

into  a  receiver  containing  cold  water  as  above  described.     The  sulphide  of  carboa  w:iidi 

collects  at  the  bottom  of  the  water  is  not  pure,  but  contains  excess  of  snlphnr.    It  !• 

purified  by  distillation  at  the  heat  of  the  water-bath,  the  sulphide  of  cazboo  tlwa 

volatilising  and  the  sulphur  remaining  behind. 

Properties. — Disulphide  of  carbon  is  a  colourless,  vexr  mobile,  ationgly  lefrartiqf 

liquid,  having  a  faint  and  peculiarly  unpleasant  odour.    Its  refracting  power  is  1-64jl 

Specific  gravity  1*293  at  (fi  C,  and  1-271  at  16^.    Boils  at  46-6<'  under  ordinanr  pnt- 

sure,  and  evaporates  quickly  at  ordinary  temperatures,  producing  great  cold.    Vs|iov- 

12  +  2    32  \ 

density  »  2-67,  corresponding  to  2  vols.  I ^ —  x  0-0623  »  2-631.      It  it  iaio- 

lublc  in  uHiter,  to  ^bich,  however,  it  imparts  its  odour.  Afct^hA  and  tiher  mix  vitk  il 
in  all  proportions.  It  dissolves  sulphurf  phosphorus^  and  iodine;  solphur  and  phce- 
phorus  separate  from  it  by  spontaneous  evaporation  in  well  defined  cryatala.  It  di^ 
solves  camphor  and  mixes  easily  with  oils^  both  fixed  and  volatile. 

Ihcom positions, — 1.  Disulphide  of  carbon  is  very  inflammable,  and  bnziw  with  • 
blue  fiame,  producing  sulphurous  and  carbonic  anhychrides. — 2.  The  raponr  passed  ovs 
various  meta/lio  oxidts  at  a  red  heat,  yields  the  same  gaseous  {ntxiuctSt  together  vi&  ■ 
metallic  sulphide ;  the  sulphides  thus  formed  are  generally  crystallised,  and  wiBihis 
those  found  in  nature.    Sulphide  of  carbon  is  indeed  one  of  the  moat  uuwerfol  nl- 
ph  arising  agents  known,  affording  the  means  of  producing  several  metallic  tiilphids 
not  otherwise  obtainable  (Fr^my).     It  likewise  converts  oxides  into  sulphides  wbea 
heated  with  them  in  sealed  tubes ;  with  UHtter  at  160   C.  it  yields  carbonic  aofaydzidi 
and  sulphydric  acid  (Schlagdenhauffen,  J.  Pharm.  [3|  xxix.  401). — 3.  The  vapov 
is   strongly  attacked   by  nitric  aeid,  yielding  sulphuric  acid  and  nitzous  rgpouk 
—  4.  Sulphide  of  carbon  heated  with  ehloratfS  or  hypitrhloriti's  reduces  tbea  to 
chlorides,  with  evolution  of  carbonic  anhydride  and  deposition  of  sulphur. — 5.  Hettid 
M'ith  aqueous  iodic  acid  in  a  sealed  tube,  it  yields  hyariodic  acid,  together  with  fivt 
i()<line  and  a  deposit  of  sulphur,  also  sulphuric  acid,  sulphydric  acid,  and  oaihooie  » 
hydride.     Two  reactions  appear  to  go  on  at  once,  viz. : 

2HI0*  +  CS«  =  I«  +  CO-  +  IPSO*  +  a 

2HI0*  +  2CS*  +  2H»0  -  2C0»  +  2HI  +  H»SO«  -i-  H*S  -f  S*. 

The  liquid  is  at  first  coloured  violet  by  the  free  iodine,  but  on  increaaing  the  heat,  ihs 
colour  disappears,  in  consequence  of  the  action  of  the  sulphydric  acid  im  the  iodiBa 
which  pro<iuccs  hydriodic  acid  and  free  sulphur,  the  latt^  imparting  a  itraw-;«flo« 
o<>lour  to  the  liquid  (Pelouze  and  Fr^my). — 6.  Bromie  acid  acts  in  like  mamKr.^ 
7.  Many  ttutais  decompose  disulphide  of  carbon  at  a  red^heat,  taking  up  thesulpbv 
and  setting  the  carbon  free. — 8.  A  mixture  of  sulphide  of  carbon  vapour  and  twifkr' 
dric  acid  gas  passed  over  red-hot  copper  yields  sulphide  of  copper  and  manh-gai 
(Borthelot): 

as?  +  2H»S  +  Cu«  -  4CuS  +  CH*. 

9.  With  nanctnt  hydrogen^  sulphide  of  carbon  3rields  sulphydric  acid,  a  crntaDM 
body,  CH^S,  and  an  oily  substance  not  yet  examined  (Girard,  Compt.  md.  xllii.  -t^L 
— 10.  Dry  chlorine  converts  it  at  a  red  heat  into  tetrachloride  of  carbon  ;  at  ortmsr 
temperatures,  into  sulphochloride  of  carbon,  CSCl* ;  but  with  moist  chlorine  it  ri*I& 
trichlorr>methYli>ulphurr>us  chlnride  (the  sonralled  sulphite  of  tetrachloride  of  etfboB. 
CCl".SO«a  -  SO^.CCl*)  (Kolbe).— 11.  Bromine  tiT\^  sulphide  of  carbon  do  nrt  ut 
upon  eat'h  other  when  passi'd  through  a  red-hot  tube. — 12.  ThejCxnf  tmutic  d/is-'n 
gradually  dissolve  disulphide  of  carbon,  forming  a  brown  solution,  which  is  a  mxslBit 
of  carbonate  and  sulphocarbonate  of  the  alkali-metal  (Zeiae) : 

3CS«  +  3KK)  -  K«C0«  +  2K>G9. 

1 3.  With  alcoholic  potash  it  yields  carbonate  and  ethyl-oxjsiilphoeazboiiate  (zaalkait) 
of  potassium,  which  forms  a  yellow  precipitate  with  eoppasaatta  (Zeiaa) : 

CS«  -H  C«H»iO  -  (^^|Si- 

Aii  aqueous  or  alcoholic  solution  of  caustic  potash,  boiled  with  disulphide  of  evhv^ 
forms  with  lead-^alts  a  black  precipitate  of  sulphide  of  lead,  which  aiKnds  a  vfty  U> 
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atte  test  for  lolphide  of  carbon.  It  is  instantly  produced  on  dropping  a  dilute  solation 
•f  that  componnd  into  a  boiling  solation  of  nitrate  of  lead  containing  potash,  a  distinct 
colonition  being  obtained,  eyen  with  a  liquid  containing  only  a  drop  of  sulphide  of 
carbon  in  a  quart  of  water. — 14.  With  aqu^nts  ammonia,  it  forms  sul^ocarbonate  and 
■Dlpbocyanate  of  ammonium,  without  any  carbonate  (Zeise): 

2CS»  +  4NH"  -  (NH*)«CS«  +  NH*.CNa 

16.  With  a  saturated  solution  of  amtnonia'-gas  in  anhydrous  alcohol,  it  yields  the  same 
products,  together  with  sulphocarbamate  of  ammonium,  produced  by  the  simple  union 
of  ammonia  with  the  disulphide  (Zeise): 

C»  +  2NH»  -  (NHKiS).NH«.a 

16.  With  trifthylphosphine  it  unites  directly,  forming  a  componnd  P(C*H*)".CS', 
which  OTstalliscs  in  splendid  ruby-coloured  prisms.  The  reaction  affords  an  ex- 
tremely delicate  test  for  the  presence  of  either  of  the  constituent  substances,  and  is  es- 
peciaUy  applicable  to  the  dotation  of  sulphide  of  carbon  in  coal-gas.  When  a  stream  of 
the  gas,  puified  from  sulphuretted  hydrogen  in  the  usual  manner,  is  passed  through  a 
■olution  of  triethylphoepmne  in  ether,  contained  in  a  bidb  apparatus,  a  red  colour  scon 
appears  in  the  liqmd,  and  when  sufficient  gas  has  been  passed  through  the  liquid  to 
•vaporate  the  ether,  the  bulb-apparatus  is  seen  to  be  lined  with  a  network  of  the  red 
oyrtals.    (A.  W.  Hofmann.  Ann.  Ch.  Pharm.  cxy.  296.) 

The  sulphocarbonates  M^CS",  or  SfPS.CS'^  bear  to  disulphide  of  carbon  the  same 
wlation  that  the  carbonates  M*CO*  bear  to  carbonic  anhydride.  Moreover  by  treating 
mlphocarbonate  of  ammonium  with  dilute  sulphuric  or  hydrochloric  add,  an  oily,  yery 
maa  liquid  is  precipitated,  consisting  of  sulphocarbonic  acid,  HH)S*. 

Pbotusulphidb  of  Carbon.  CS. — As  already  observed,  it  is  doubtful  whether 
this  compound,  the  analogue  of  carbonic  oxide,  has  yet  been  obtained,  though  there 
can  be  no  doubt  as  to  the  possibility  of  its  existence.  Baudrimont  (Compt  rend. 
zlir.  1000),  states  that  it  is  obtained  tolerably  pure  by  passing  the  vapour  of  the  di- 
sulphide over  red-hot  spongy  platinum  or  pumice,  and  washing  the  resulting  gas  with 
flolutions  of  acetate  of  lead  and  cuprous  chloride,  to  free  it  from  sulphydric  acid  and 
carbonic  oxide,  resulting  from  the  action  of  air  and  moisturo  remaining  in  the 
materials.  The  gas  thus  obtained  is  described  as  colourless,  smelling  somewhat  like 
the  disulphide,  not  Uquefiable  at  the  temperature  of  a  mixture  of  ice  and  salt ;  soluble 
in  its  own  bulk  of  water ;  decomposed  by  lime-water  into  sulphide  of  calcium,  and  a 
Tolome  of  carbonic  oxide  equal  to  its  own :  Ca'*0  +  CS  ««  Ca^  t  CO ;  and  yielding 
when  exploded  with  oxygen,  equal  volumes  of  CO'  and  SO'. 

Baudnmont  likewise  obtained  the  protosulphide,  but  mixed  with  sulphydric  acid  and 
carbonic  oxide,  by  passing  the  vapour  of  the  disulphide  over  red-hot  charcoal ;  by  the 
action  of  sulphydric  acid  on  carbonic  oxide  at  a  red  heat  (CO  -t-  H'S  a  HH)  -t-  CS), 
and  by  several  other  processes. 

Playfair  (Chem.  Soc.  Qu.  J.  xiii.  248)  endeavoured  to  prepare  the  protosulphide 
hj  passing  the  vapour  of  the  disulpliido  over  red-hot  pumice,  but  obtainea  nothing  but 
»  mixture  of  carbonic  anhydride,  carbonic  oxide,  sulphydric  acid,  and  nitrogen,  satu- 
rated with  vapour  of  disulphide  of  carbon ;  he  observed  no  deposition  of  sulphur  in  the 
red-hot  tube,  though  Baudrimont  states  that  it  choked  up  tlie  exit-tube  of  his  apparatus. 
Flmyfkir  attributes  the  formation  of  these  gases  to  air  and  moisture  retained  by  the 
pamice,  though  it  had  been  prenously  ignited,  or  introduced  into  the  tube  together 
with  the  disulphide.  He  is  of  opinion  that  Baudrimont's  gas,  which  yielded  by  explo- 
jion  with  oxygen,  equal  volumes  of  SO'  and  CO-,  was  a  mixturo  of  equal  volumes  of 
CO  and  vapour  of  CS*,  which  at  common  temperatures,  and  under  the  diminished 
pressure  existing  in  the  eudiometer,  would  have  sufficient  tension  to  diffuse  itself  in 
raponr  through  the  carbonic  oxide. 

In  face  of  these  contradictory  results,  the  question  as  to  the  actual  formation  of  pro* 
tosulphide  of  carbon  must  for  the  present  be  considered  as  undecided. 

OABBOV,  8V&PBOOB»>RZ]>B  OF.  CSCl*.— This  compound,  the  analogue 
€it  phosgene,  was  discovered  by  Kolb'e  (Ann.  Ch.  Pharm.  xlv.  63),  and  is  produced: 
1.  Dj  the  action  of  dry  chlorine  on  disulphide  of  carbon  at  ordinaiy  temperatures, 
chloride  of  sulphur  being  formed  at  the  same  time :  CS*  +  CI*  =  SCl^  +  CSCl'.  A  few 
gjammes  of  the  disulphide  are  left  exposed  for  a  few  days  to  the  action  of  perfectly  dry 
chlorine  in  a  closed  flask,  either  in  the  dark  or  in  sunshine ;  the  resulting  liquid  is 
digested  with  water  to  decompose  the  chloride  of  sulphur,  and  the  remaining  oily 
liquid  is  freed  from  the  acid  products  theroby  forme<t  by  repeated  distillation  i^ith 
water  and  a  small  quantity  of  magnesia.  It  is  essential  to  the  production  of  this  com- 
pound, that  the  materials  be  perfectly  dry,  as  if  moisturo  is  present,  another  compound, 
trichloro-methyl-sulphurous  acid  is  obtained  (p.  776).    At  a  rod  heat,  a  different 
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artioa  ttJin  place,  ind  tetnichloride  of  carbcm  u  prodnced. — 2.  Bf  pasnog  ■  mi 
of  ttulphjdrie  acid  and  Ttpour  of  tetnchlorida  ot  carbon  thrangb  a  Ci^  k«pt 
modemW  red  heat:  OCl*  +  H'S  -  !HC1  +  CSCI*. 

Snlphochloride  of  cuiMn  ii  a  jeiloir  liquid,  not  Eaiadblo  *ith  vater,  haii 
peculiar  tuid  powerful  odour,  yery  iiritating  to  the  eyre.  Specific  gntiU 
Boiling  point  70"  C,  Theee  nnmben  probably  itqnire  correetioii,  aa  it  ia  Trry  dil 
to  obtain  the  compoond  free  from  ealphide  of  carbon.  It  is  not  deconipawd  by  ' 
or  aeida,  not  even  by  fumlag  nitric  add.  Caustic  potaah  dKompowa  it  aloirly,  1 
ing  caibonute  and  sulphide  of  pataaBiain,  and  tetiBchloride  of  carbon  : 

acsci'  +  3K'o  -  S"CO'  +  az'B  +  ca*. 


OAXSOVAXBB,  The  carbonal-ee  form  a  nnmerons  and  impoitant  elaai  of 
many  of  which  occur  aa  natural  minerala.  They  aie  ninally  divided  into  nomal, 
•ud  add  caibonatea,  the  noimal  or  neulial  aalta  baTing  thp  eonpciaitioD 

IPCO"  .  SPO.CO'  -  '"^'[o*- 

The  balic  carbonatea,  however,  all  contain  wat«r,  and  by  regarding  the  whole  en 
of  thii  water  (or  hydrogen)  aa  baaJc,  the  carbonates,  like  the  boratei,  phoaphata 

ulicates,  may  be  divided  into  ortho-carbonates,  MTO'  •  ^,!0',aiidlDeti 
booatea,  JPCO*,— or  mnrr  generally  orthocarboiiat**  -  M'H*— KK)*,  and  m«1 
bonatea  -  M'H*°'4X>*,  the  latter  including  the  aalta  naually  le^^arded  aa  m 

carbonatfB.  Keariy  all  the  precipitates  obtained  by  adding  a  aolntion  of  aa  all 
carbonate  to  a  salt  of  a  heavy  metal,  oontain  water,  and  may  be  repre*Bat«d  bj  c 
other  of  these  formuls.  It  is  difficult  to  uy  whether  the  orUiiv  or  th<!  meta-csHx 
are  the  more  numeroiu ;  but  the  catbonalce  of  the  stronger  bases,  viz.  the  alkali-t 
and  aUudioe-earth  metala,  are  certainly  meta-carbanat«e.  Only  a  few  acid  carbr 
are  known  ae  deflmte  sails,  viz.  those  of  potaosium,  soditun,  and  ammonium,  and 
are  m^tacarboDaUe  coDtainiog  hydrogen,  r.g.  monopotassic  meUcarboDatc,  or  i 
cuibonate  of  potassium,  (KH)CO>. 

CiirboDHlps  arefonned  by  tbe  action  of  carbonic  acid,  or  the  joint  action  of  wat^ 
carbonic  anhydride,  on  metallic  oiidee  or  hydratea,  not  in  any  case  by  the  on 
carbonic  anhydride  with  an  oiide  withont  the  intervention  of  water.     Lime-«»I 
milk  of  lime,  abaorbe  carbonic  anhydride  npidly,  forming  carbonate  of  calcium 
perffcfly  dry  earboDie  anhydride  may  be  passed  over  anhydiuua  lime  withoo 
sorption.    Even  dry  hydnte  of  potaiudnin,  KHO.  sbeorbs  carbonic  anhydrid 
slowly,  and  soon  becomes  covered  with  a  cruet  of  add  carbonate  of  potassium  (EI 
Ci.)=  —  RHCO'),  which  protect*  the  rest  from  alteration ;  but  the  moist  hydn 
tlu' aqneoDB  solotiaii,  abeorba  itwith  tlie  greatest  aridity;  similarly  with  ouer 
Tlie  carbonates  of  the  earth-metals  proper  and  hea 
liy  precipilaling  a  soluble  aalt  of  the  metal  with  ai 
cipitxto.  aa  alreiidy  observed,  almost  always  conta 
cnmi>ovition  of  an    anbydrous   metacaibonat«   M'' 
fi'mc  oxide,  chromic  oxide,  uranic  oxide,  &c.,  do  n 
when  moist,  and  their  solutions,  when  mixed  witb  al 
not  iif  carbonates,  but  of  hydrates.     Metals  like  i 
hydrogen  in  add  solutions,  may  be  converted  int 
them  m  water  eontaining  carbonic  acid. 

Carbonates  are  also  formed  in  the  decomposition  by  heat  of  organic  salts  ( 
rironger  bases,  via.  of  the  alkali- metals  and  of  the  alkaline-earth  metala.  Ozalat 
leaolTed  into  carbonates  and  carbonic  osida,  withont  separation  of  carbon  : 

CTPO*  -  CTPO*  +  CO 
fonnatee  into  carbonates,  with  evolotioa  of  carbonic  oxide  and  hydrogea,  and 
separation  of  caAon : 

2CHM0'  -  CMKC  +  CO  +  IP. 
The  salta  of  most  other  organic  acids  yield  a  considerable  qnanti^  of  free  c 
besides  combnslJble  eases ;  acetates  and  Uiv  salts  of  other  &t^  acida,  andafewo 
are  resolved  by  dry  distillation  into  carbonates  and  acetones  (pp.  31,  S2). 

The  carbonates  of  wnmonium,  potassium,  aitd  aodium  are  ^sily  aolsble  in  « 
carbonate  of  lithium  dissolves  in  about  1IX>  pta.  of  water;  the  carbonates  of  all 
metals  are  insolnUe,  or  nearly  so,  in  water ;  but  all  are  alightly  soluble  in 
contsdning  tree  carbonic  acid.  Aind  carbonates  are  doubtieM  formed  in  this 
but  none  of  theee,  excepting  the  add  carbonates  of  the  alkaS'iflHals,  can  b 
tained  in  the  solid  atate,  a«  the  solutions,  when  boiled  or  evaporated,  give  of 
bonic  anhydride  and  deposit  nsirtnl  carbonate.    All  metallic  carbonate*,  esct 
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QuVmate  of  ammonium,  are  insoluble  in  aloobol.  Carbonates  of  organic  alkab's  are 
fbr  tbe  mout  part  soluble  in  water  and  in  alcobol ;  carbonates  of  alcohol-radicles»  in- 
■oluble  in  water,  soluble  in  alcohoL 

Most  carbonates  are  easily  decomposed  by  beat.  The  carbonates  of  the  heary  metals 
BTP  all  decomposed  at  a  low  red  heat,  giving  off  carbonic  anhydride,  and  leaving  a 
rsBidoe  of  metal  or  of  oxide.  The  carbonates  of  the  earth-metals  proper,  and  of  calcium 
•nd  stTontium,  require  a  stronger  red  heat  to  decompose  them ;  carbonate  of  barium  is 
deeomposed  only  at  a  white  heat ;  and  the  carbonates  of  the  alkuli-metals,  when  dry, 
naist  the  action  of  the  strongest  heat,  excepting  when  a  current  of  dry  air  or  other  gas 
ii  passed  over  them ;  in  that  case  carbonate  of  sodium  gives  up  a  small  quantity  of 
carbonic  anhydride,  and  carbonate  of  lithium  a  considerable  quantity.   (H.  Rosa) 

Nearly  all  carbonates  are  more  or  less  decomposed  by  water,  with  the  aid  of  heat, 
those  of  the  weaker  bases  even  at  ordinary  temperatures,  so  that  precipitated  car- 
bonates are  veiy  apt  to  undergo  partial  decomposition  during  wasning.  Even  the 
carbonates  of  barium,  potassium,  sodium,  and  magnesium  are  converted  into  hydrates 
when  heated  to  redness  in  a  stream  of  aqueous  vapour ;  partially  also  in  a  stream  of 
moist  air  or  hydrogen  gas :  the  carl)onate8  of  barium  and  potassium  do  not  suffer  any 
decomposition  in  a  current  of  dry  air  or  hydrogen.  (H.  Rose,  Pogg.  Ann.  Ixxxv.  99, 
S79;  Jahresber.  f.  Chem.  1862,  p.  309.) 

Carbonates  are  decomposed,  with  evolution  of  carbonic  anhydride,  by  nearly  aU 
acids,  even  at  ordinary  temperatures,  and  at  a  red  heat  by  many  acids  whose  salts  are 
themselves  decomposed  at  ordinary  temperatures  by  carbonic  acid,  e.g.  by  boric  silicic, 
and  several  metallic  acids.  The  effervescence  which  accompanies  the  decomposition 
afibrds  a  ready  indication  of  the  presence  of  a  carbonate.  Any  of  the  stronger  acids  may 
be  used  to  effect  the  decom position,  but,  generally  speaking,  hydrochloric  or  nitric  acid 
is  preferable  to  sulphuric  acid,  because  the  latter  often  forms  insoluble  or  sparingly 
soluble  salts,  the  presence  of  which  interferc-s  with  the  reaction.  If  the  carbonate  is 
in  solution,  the  liquid  should  be  concentrated  before  adding  the  acid,  as  in  a  very 
dilate  liquid  the  carbonic  acid  may  remain  dissolved  instead  of  escaping  as  gas.  The 
decomposing  acid  must  also  be  added  in  excess,  otherwise  an  acid  carbonate  of  the 
alkali-metal  will  be  formed,  and  no  efff*rvescence  will  be  observed.  If  the  substance 
to  be  examined  is  a  mineral,  it  must  be  finely  pulverised,  and  the  powder  should  be 
■oaked  in  water  before  adding  the  acia ;  otherwise  the  escape  of  air-])ubbles  might  l)e 
mistaken  for  an  evolution  of  carbonic  anhydride.  Many  other  volatile  acids  produce 
effervescence  when  eliminated  from  these  compounds,  eg,  hydrochloric,  hydriodic, 
frulphurous,  sulphydric  aci<l,  &c ;  but  they  may  all  be  distinguished  from  carbonic 
acid  by  their  colour  or  their  odour,  also  by  passing  the  evolved  gas  into  lime-water  oi 
bazyta-water,  and  proceeding  as  described  at  page  768. 

Casbonatb  of  Aluminium  (?)  It  is  doubtful  whether  such  a  compound  exists. 
Saussure  stated  long  ago  that  alkaline  carbonates  throw  down  from  solutions  of  alu- 
minium, a  compound  of  hydrate  of  aluminium  with  a  small  quantity  of  the  alkaline 
carbonate,  and  that  the  hydrate  is  partially  soluble  in  aqueous  carbonic  acid,  but  is 
completely  separated  on  warming  the  solution  or  exposing  it  to  the  air  (Gm.  iiL  309). 
Other  chemistB  have,  however,  obtained  different  results.  According  to  Muspratt 
(Cham.  See  Qu.  J.  ii  206),  tlie  precipitate  formed  by  alkaline  carbonates  consists  of 
8A1*0».2C0*  +  16H«0.  Langlois  (Ann.  Ch.  Phys.  [3]  xlviii.  602)  found  8A1-0'. 
aCO»  +  40H»0  ;  and  Wallace  (Chem.  Giiz.  1868,  410)  gives,  as  the  composition  of 
the  precipitate,  3A1«0«.2C0*  +  9H*0.  H.Rose,  on  the  contrary  (Pogg.  Ann.  xli. 
462).  states  that  the  precipitate  fonnwl  by  carbonate  of  ammonium  is  a  compinind  of 
trih'V'dwto  of  aluminium  with  carlH)nate  of  ammonium.  Ar'H*0"  +  NHMI.CO".  the 
ammonia-salt  not  being  removable  by  washing.  From  experiments  recently  made  in 
Dr.  Mu8pratt*s  laboratory  by  Mr.  James  Barratt  (Chem.  News,  i.  110),  it  appears 
that  the  precipitate  forme<l  by  carbonate*  of  Kodiuni  in  a  solution  of  chloride  of  alu- 
minium, after  Wing  washed  and  dri'.*d,  then  triturated  with  water,  again  washed,  and 
dried  over  sulphuric  acid,  consists  of  pure  hydrate  of  aluminium. 

Carbonate  of  Alltl.    See  Carbonic  Ethers. 

CarbonatbsofAmmokium.  These  salts  have  already  been  det^cribed  (p.  190). 
They  are  all  mctacarbonates,  and  may  be  formulated  as  follows : 

Neutral  carbonate,    (NH*)«O.CO«  =       (NH*)*!^* 

Acid  carbonate.         ^5|0.C0«  =       NH^BC^' 

Stequicarbonate,     2(NH«)K).3CO=  +  3aq.  -  (Nfl«^.H«!^*  "^  -'*'^- 
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Cabbokate  or  Ahtl.    Sag  Cahbohic  Ethkri. 

Cabiohats  or  BisiVM.  Ba'CO'  ~  Ba"0.CO*.--Thls>atIt  oeennibn 
in  natnra  hs  WithtmU,  a  nuuer&l  which  fnquratly  occompanini  lead-om. 
latliiea  in  the  trim«trie  ■jstem,  isomotphiiiislT  with  Bmgonit«,  Ihe  cttiUI 
freqoentlj  prlnmH  tic,  from  predominsnce  of  the  Bwoj  aF.aitai,  and  t  bi.  T 
liiD&tioD  F.2PiB.cDl'ae.teF,  ii  also  common,  forming  a  rii-aided  pru 
pp-omidal  Eommitt.  Batio  of  a»a,  a  :  b:  e  —  O'59S0  :  1  :  0*7413.  Indioi 
bc««:  •?:  «P-91O30';  F»  :  Poo-Tl"  «';  2P»:  2P 00-110°  42".  t 
imperfect  pan]lel  to  » t  o.,  «  P,  and  f" »  (Kopp).  It  oceura  al»o  in  globular,  U 
and  botryoidal  fonna ;  itnuitare  either  colnninar  or  granular ;  aluo  amorphons. 
graritj  —  4*29  to  4'39.   Haidnesi  -^  3  to  3'7S.    Lnatre  Titnona,  incliniiig  to  i 


OD  fractored  niT&cea.  Colonr  whits,  or  often  jellowiah  or  pisfixh.  Streol 
Snbtmumarent  to  ttaualnemt.  Fracture  uneren.  Brittle.  Witherite  i>  fc 
AlstoD  Hoor  in  Cumherluiil,  and  in  aplendid  ojitala  at  Fallovfleld  in  Koctl 


It  occun  alao  in  many  places  on  the  eootinent  of  Europe,  in  the  Alt 
Coqnimbo,  Chili,  &c  It  ii  aometimea  foniid  altered  to  heat^  apar  bj  the  ) 
■olable  lolphatse. 

Carbonate  of  bai 
or  in  ciystais,  or  in  aolation,  i>  axpoaed  b  ... 

uiting  an  aqueona  solution  of  the  chloride  or  nitrate  Tith  csrbiniate  of  ammoi 
a  Bolution  la  the  iiulphida  with  orbonate  of  aodiani ;  the  salt  obtained  bj  I 
method  ia  liable  to  be  coDtaminated  wiUi  a  >nlphiuu3ompoui]d.  It  maj  a]»3 
par»d  in  an  impure  atate  b;  ignitiDg  in  a  crucible  a  mixture  of  10  pta.  o: 
■nlphate  of  barium.  S  pta.  of  charcoal,  and  C  pta.  of  carboDate  of  poUaainm  (pei 
A  miitore  of  Bolpbtde  of  potaaaium  and  carbonate  of  barium  is  then  obtiini 
which  the  ralphide  of  potiwaiam  may  b«  astncted  by  wat«r.  The  impure  a 
thna  piodaced  may  be  used  for  the  prepalBtioD  of  other  barium-aalta,  but  the  si 
obtained  will  contain  iron. 

CaiboiiBte  of  bariam  arttGcially  prepared  ii  a  soft  white  powder.  It  is  po 
and  is  uaed  as  ratsbane.  It  is  Tiny  siigblly  eoluble  in  water,  about  1  pt  i 
rather  more  (in  ASS  pts,  according  to  Laasaigne)  in  water  saturated  with  carboi 
It  diiisolTes  euily,  even  in  the  cold,  in  chloride,  nitrate,  and  Boreinate  of  ami 
and  when  boiled  with  chloride  of  ammonium,  it  is  completely  decomposad, ; 
carbonate  of  ammonium  and  chloride  of  barium.    When  shaken  in>  wiui  aqnt 


facilitated  by  the  addition  of  chsrooaL  Carbonate  of  barium  iadeeompoMd  b; 
of  wat«r  at  a  red  heat,  and  veiy  easily  if  mixed  wi^  an  equal  weight  of  i 
■lakedlime. 

An  acid  carbonalt,  2Ba*0.aCO<,  or  aBa'CCCO',  was  said  by  Bonasiagan 
Ch.  Phys.  [2]  xzix.  280)  to  be  obtained  by  predpitatins  chloride  of  barium  * 
quicaibonate  of  sodium.  H.  Rose,  oa  the  other  hand,  by  mixing  chloride  of 
with  diacid  carbonate  of  sodium  or  potasaium,  obtained  nothing  but  neutral  ci 
of  barium,  and  is  of  Ofnnion  that  acid  CMhonatea  of  bariam  cannot  exist  exce 
solution. 

Caibokati  op  BisiiiTTs.^Wbeu  nitnteof  bismuth  is  dropt  into  »  sol 
alkaline  carbonate,  a  white  precipitate  is  formed,  consisting  of  Bi'O'.CO'  (Ben 
The  piwipitate  formed  with  alkaline  carbonates  contains  BiK>'.CO'  ■+  f  aq.,  tl 
escaping  at  100°  C.  (Lefort) 

Cabbonati  Of  Cadhcuk,  CdTC,  occurs  in  small  quanti^,  taweiati 
natire  carbonate  of  cinc  Cadmium-salts  yield  with  carbonate  of  ammonium, 
precipitatp,  containing  Cd"CO'  +aq.,  which  gires  ofTits  water  between  80°  and 
at  a  higher  temperatore,  carbonic  ajihjdride  goea  oS,  and  brown  oxide  of  cadi 
left,  whiub  when  exposed  to  the  air  is  ^iidiuilly  recoavert^d  into  carbonate  (. 
3.  Pharm.  [3]  xii  i06).  According  to  H.  Koae  (Fogg.  Ann.  IxxiT.  301),  Ih 
pitHtea  formed  by  olk^ne  carbonates  in  solutions  of  cadmium,  contain  ^ttj  littl 
and  iipptoach  very  nearly  to  the  formula  Cd'CO*.  Moist  hydrate  of  (•dminm 
curbonic  acid  &om  the  air,  and  at  SCO"  gives  off  all  ita  WBlst,  and  is  oonveri 
aCd"O.Cd-CO',  or  Cd'O.Cd'CO'. 

CABBOHATBaoFGALOitrM.— Thans(a<wiDiial«.Ga'CO'-C^'0.CO*.M« 
abundantly  in  all  parts  of  the  world,  in  the  forma  of  calcapar,  marble,  limestone  d 
Idnda,  and  chalk ;  also  in  egg-shells  and  the  shell*  of  molluscs,  and,  together  wii 
phute  of  ealciuni,  in  bones.    It  is  formed  when  lime,  either  anhydrous  or  hydi 

'  '-  •'"-  -■-  '~  '*a  ordinaiT  state  of  moisture,  but  not  by  the  action  of  i 

u  lims.    It  may  be  obtained  pure  by  dissolving  caldnei 
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FDiublF,  in  hydnvhloric  and.  sditing  ammoaia  or  milk  of  lime  to  pre 
K,  oxide  itf  inn,  and  ewthy  phtn^hktea,  then  81t«ring,  predpitating  tha 
h  carbonata  of  ammomiuii,  waihing  thoroaghlj,  and  drTiug  at  a  heat 

fmln'mn  ii  dimoTphoiu,  OTataUtiina  in  tha  hexagonil  ayKttm  u  caksper 

_  .1.-  ^ — ^.  — . ..  /_  3jg^     l^g  gpi^ciiii.  grsxi^of 

ier»Uj fcom  382  to  3-28.  The 
>f  nnall  djataU,  which  luaaU; 
II  mtgaam  wnen  praapiiaua  nom  doc  solatioiu,  and  oTcaloipar  wheo 
nn  cold  adaliona,  eapecially  if  dilnte.  The  microscopic  cryitaiii  of  ana- 
\j  d»of[>  iota  rtiombohedrani  of  eaietpai  if  left  for  aome  time  nndsr  the 
SfiV).  The  [neipitate  fonnrd  in  hot  solationB,  aaanmea  the  emtalline 
ee ;  that  &om  cold  aolatioiu  ii  amoiphooa  at  flrst,  and  gradnaUy  become* 

f  caleinm  i>  tasteleaa,  and  has  a  alight  alkaline  reaction  to  teat-paper, 
■inglj Bolnble  in  water,  reqniring,  according  to  Freaeoiul  (Ann.  Ch. 
J),  88'34  pts.  of  bailing,  and  10,601  pta.  of  cold  water  to  dinolveit;  tha 
[btlj  alkaline.  Water  containing  free  carbonic  acid  diwolTes  it  mneh 
Vhen  recently  pradpitated,  it  diaeolTes  easily  in  aqueona  earbonatB,  ml- 
torst^,  nitrate,  or  magnate  of  ammoninm :  hot  when  it  baa  aammed  tfae 
1  by  long  aUnding,  it  dinolTM  but  sparing^,  fbming  a  torbid  liquid. 
ion*  aometimea  become  turbid  on  standing,  tnt  do  not  deposit  the  niols 
which  they  contain.  Hence  ealdnm  can  never  be  completely  predpi- 
>s)e  ironi  soltttjons  cootaining  ammoniaeal  salts.  Carbonate  ol  caldntn 
.ntion  of  aal-ammoniac,  the  water  bebg  renewed  M  it  evaporates,  dis- 
completely  as  chloride  of  ealdnm,  with  evolution  of  earb(niat«  of  am- 

^  caldma  heated  to  ftiU  redness  in  open  vMsela,  is  resdved  intolimeand 
ride.  The  decompontioa  commencce  even  at  a  low  red  best,  so  that  in 
rinm  as  carbonate  in  analysis,  the  ignited  predpitate  shoold.  befbra 
loiajened  with  carbonate  of  ammoniom,  and  again  heated,  jnat  aufflciently 
?  eiccsa  of  that  aidt  \  by  thin  meana,  any  carbonic  acid  that  may  have 
'  will  be  reatored.  In  a  current  of  air  or  any  other  gas,  and  especially  of 
impositioD  takes  place  at  a  lower  temperatme.  I^  on  the  other  hand, 
if  calcium  be  ignited  a  dosed  iron  tnbe,  so  that  the  carbonic  anhydride 
it  foeea  to  a  fme-graiDed  maaa,  coosiating  of  crystals  of  calcspai,  and 
learanee  of  marble. 

'nUral  Car&onalt  of  Caienm,  Hj/dnealeilt,  Cb'TX)'.£  aq.~Thia  aalt  ia 
all,  very  acute,  rhombohednil  crystala,  of  apedflc  gravity  1-783,  by  boil- 
concentrated  solution  of  sugar,  milk-sugar,  starch,  or  gum.  and  leaving 
'Some  months  in  a  cold  place  (Pelonie,  Ann.Ch.Fhya.  [2]  ilriii,  301). 
exposing  a  eolation  of  lime  in  sugar-water,  to  the  action  of  a  12-pair 
,  obtained  ciystals  having  the  same  compoaitioo,  but  the  form  of  a 
with  dihedral  aummita,  like  arragonite.  Cryatais  of  the  same  form  and 
ere  found  b^  Scheerer  (Pogg.  Ann  Iviii  382),  in  a  ninntng  stieam. 
r  found  six-sided  prisms  of  the  aame  compoaitioo,  deposited  from  spring- 
ipper  tube  of  a  pump, 

I  remain  unaltered  below  19°  or  20°  C,  either  in  the  air  or  nndet 
□ble  to  a  white  powder  at  a  somewhat  higher  temperature,  and  if  qnicldy 
they  are  conrerCed  into  a  pasty  mass,  which  dries  np  to  a  powder.  In 
tiey  cmmble  to  a  white  pinrder ;  also  in  hydrated  alcohol :  but  boiling 
il  extracts  from  them  only  2  at.  water,  rendering  then  opaque,  but  witb- 
Ibrm.  The  remaining  cryatals  with  3  at.  watur.  effloreace  very  qnickly 
may  be  kept  unaltered  at  a  tempeMtore  below  10°.  (Om.  iiL  188.) 
ale,  CbKO',  or  2Ca'Y).C0>.~Thia,  with  1  at.  water  [sometimn  regarded 
Miata,  Ca'CO'.JCaHO},  ia,  according  to  Fucha  (FoM.  Ann.  xiviL  801), 
1  of  the  slaked  lime  produced  by  exposing  quick  Hme  to  the  air  in  ita 
At  a  atrong  red  heat,  it  givce  off  water  and  carbonic  anhydride. . 
■  ■  ■   alaki ^     -  ■ 


lime  which  slakes  in  water,  not  with  violence,  but  slowly  and  with  only 
>f  temperature.  At  a  law  red  heat,  the  hydrated  OTthoearlwnate  gives  off 
rins  the  uihydrons  sail,  Ca'CO',  which,  according  to  Fucbs,  is  likewise 
.  ordinary  carbonate  of  calcium  is  exposed  to  a  m^erate  red  heat,  only 
rbouic  anhydride  being  then  expeUed.  and  leaving  a  residue,  which  in 
iter  does  not  slake  but  hardena.  being  in  (act  converted  into  the  hjdrated 

ttt, — This  salt,  which  perhaps  has  the  composition  Ca'H'f  CO')',  ia  known 
I,  and  may  be  obtaiurd  iu  tJlat  stato  by  passing  cubonic  anhydride  into 
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cold  water  in  which  the  neutral  carbonate  is  suspended.  Water  saturated  with  car- 
bonic acid  dissolves  y^  part  of  the  neutral  carbonate,  at  0^  C,  and  ^^  at  10^ 
(Lassaigne,  J.  Chim.  m6d.  1848,  p.  812).  In  consequence  of  this  sparing  sola bil it  t, 
solutions  of  calcium-salts  are  precipitated  bj  alkaline  bicarbonates  even  in  the  cold. 
The  solution  of  the  acid  salt  has  a  slight  alkaline  reaction  if  quite  saturated,  but  if  the 
carbonic  acid  is  in  excess,  it  exhibits  an  add  reaction.  It  is  decomposed,  with  sepa- 
ration of  the  neutral  carbonate,  on  exposure  to  the  air,  or  more  quiddj  when  healed. 
It  plays  an  important  part  in  the  economy  of  nature,  being  formed  wherever  carbonate 
of  calcium  or  other  (»lcareous  formations,  especially  silicates,  come  in  contact  with 
water  containing  carbonic  acid,  and  thus  entering  in  greater  or  smaller  quantity  into 
the  composition  of  almoet  all  natural  waters.  Waters  which  contain  it  in  oonsideraUe 
quantity,  form  deposits  of  carbonate  of  calcium  on  their  banks  or  on  objects  immened 
in  them:  hence  the  formation  of  calcareous  petrifactions,  of  calcareous  to£a  and 
sinter,  of  stalactites,  stalagmites,  &c.  To  the  same  cause  also  is  due  the  turbidity 
which  appears  in  river  or  spring  water  when  heated,  and  the  incmsf ation  or  furring  of 
kettles  and  boilers.  The  formation  of  this  incrustation  may  to  a  certain  extent  be 
prevented,  by  the  addition  of  sal-ammoniac  to  the  waj^r,  whereby,  as  already  observed, 
the  carbonate  of  calcium  is  converted  into  soluble  chloride. 

Gabbokatb  op  Cbbiux,  Ce^CO*  +  Saq.,  or  OtTBH^O*  +  2aq.,  formed,  on  ex- 
posing hydrated  oerous  oxide  to  the  air,  or  by  precipitation,  is  a  white  powder,  which 
when  ignited  the  air,  is  partly  converted  into  lemon  yellow  coroso-cerie  oxide.  It 
occurs  native,  with  fluoride  of  calcium,  as  Fttrisiie  {q.  v.) 

Chbomous  Cabbonatb,  is  obtained  by  adding  a  solution  of  protochloride  of 
chromium  to  carbonate  of  potassium.  The  precipitate  is  red  or  reddi^-brown,  if  the 
solution  is  hot^  but  has  the  form  of  dense  yellow  or  bluish^green  flakes,  if  the  solutfon  is 
cold :  it  appears,  however,  to  have  the  same  composition  in  all  cases.   (Mob erg.) 

Cabbokatbs  of  Cobalt.  The  anhydrous  carbonate  CVCO',  is  obtained  by 
heating  chloride  of  cobalt  with  carbonate  of  calcium  to  150^  G.  in  a  sealed  tube  for 
eighteen  hours,  or  by  decomposing  the  chloride  with  a  solution  of  acid  carbonate  of 
sodium  superBaturated  with  carbonic  acid,  and  heated  to  140°  in  a  strong  vessel  closed 
witli  a  cork,  through  which  the  carbonic  acid  escapes  slowly.  It  is  a  light  rose- 
eoloured,  sandy  powder,  composed  of  microscopic  rhombobedrons,  and  is  not  attacked  is 
the  cold  by  acids,  not  even  by  nitric  or  hydrochloric  acid.  (S^narmont,  Ann.  Gh. 
Phys.  [3]  XXX.  129.) 

The  precipitates  fbrmed  by  adding  oobalt-solutions  to  alkaline  carbonates,  are  sD 
hydrated  can)onates,or  double  carbonates  of  cobalt  and  the  alkali  metal  The  formn 
may  be  represented  as  ortho-  or  meta-carbonates,  combined  in  various  proportions  with 
hyorate  of  cobalt,  the  composition  varying  according  to  the  temperature  and  conceo- 
tration  of  the  solutions. 

The  precipitate  formed  on  adding  sulphate  of  cobalt  to  neutral  carbonate  of  sodiiun, 
the  solutiaiui  being  concentrated  or  moderately  dilute,  and  either  hot  or  oold,  is  ro^ 
coloured,  and  when  dried  at  100®  C.  consists  of  2Go'CO».3Go"H«0*  +  aq.  or  2Co»C0«. 
Co"H*0*  +  3  aq.  (Setterberg,  Fogg.  Ann.  xix.  55 ;  Winkelblech,  Ann,  Ch.Phann. 
xiii.  148 ;  H.  Rose,  ibid,  Ixxx.  287).  But  very  weak  solutions  mixed  at  the  boiling 
heat^  yield  a  blue  precipitate,  consistang  of  Co"CO".2Co"H*0«  +  aq.  or  C5o«CO*.CoH»0- 
+  2  aq.  The  precipitates  are  very  difficult  to  wash.  Heated  above  150°  C.  is  cootart 
with  the  air,  they  gradually  give  off  water  and  carbonic  anhydride,  and  are  oonTert<>d 
i nto  sesquioxide  of  cobalt  (H.  Rose).  The  first-mentioned  precipitate  is  partly  cooTert^d 
into  sesquioxide  by  boiling  with  water  (Field,  Chem.  Boc.  Qu.  J.  xiv.  50).  Th« 
same  precipitate  digested  with  solution  of  diacid  carbonate  of  sodium  or  of  ammonintt], 
is  graduiJly  converted  into  30o''GO'  +  aq.  (H.  Deville,  Ann,  Ch.  Phys.  [S] 
xxxiii  75.) 

A  hydrated  carbonate  of  cobalt  called  Remin^Umite,  whose  precise  oompoeition  ii 
not  known,  occurs  as  a  soft,  earthy,  rose-coloured  incrustation,  on  thin  veins  of  serpen- 
tine, at  a  copper-mine  near  Finksburg,  Garroll  County,  Maryland.  (J.  G.  Booth,  Sill 
Am.  J.  [2]  XV.  48.) 

Carbonate  of  Cobalt  and  Potassium. — Nitrate  or  sulphate  of  cobalt  forms  with  exoeM 
of  diacid  carbonate  of  potassium  a  rose-coloured  precipitate,  which  gradually  chumps 
tc  a  network  of  rose-coloured  crystals,  easily  decomposed  by  water,  and  consisting  of  i 
meta-csrbonate.  (Co''KH)C^O«  +  4aq.,  [or  2(Co''0.C0^)  +  K*0.2C0«  +  yll-O] 
(H.  Rose,  H.  Deville).  Nitrate  of  cobalt  and  se8quicarl)onate  of  potassium  mU 
disti net  crystals,  contai ning  Co*K*(CO")'  +  4aq.    (Deville.) 

Carbonate  of  Cobalt  and  Sodium.— JSitnte  of  cobalt  and  sesqnicarbonate  u(  sodiuo 
yield  a  mixture  of  small  prismatic  crystals,  Co'^a'(CO')'  +  4  aq.,  and  dark-red  cmUl^, 
apparently  cube-like  rhombobedrons,  containing  Co'^a^ CO*)*  -f  1  Oaq.    (D e  v  i  i'l  e. ) 
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MttUMit  u  dieuprie  ortiaearbomite,  Cn*CO*  -t-  aq- 

Aiuriti  BB  Mci^ne  ortAoaarbonaU,  -a,  I  CO*. 

'  ba  TTgnrdvd  u  metMarlraDatas  combined  with  Gupric  hjdnte,  vii. 
Dn"CO".Cu"H'0' ;  MuriM  u  2Cu"C0'.Cu''HKP.  Tis  hydrated  di- 
formed  ajtiGciall]'  bj  pncipitAtjoD.    Ilw  anliTdlou*  maUcuboDftU, 

Orlkoearbonatt,  Cn'CO'   +  u.      ifolacjiifa,  Orem   CarinKUtte  of 

oi'ii  green.  Atitu  iire. — This  mineral  farms  priamatic  crystals  beloomng  h> 
ijBtem,  in  wbirh  the  length!  of  Che  ortliodi:igoiial,  clinodiigODal,  and  prin- 
lone  another  h  1-273  :  ]  :  D'635S.  The  inclination  of  the  diDodiaoonal 
I  BKiadoes  not  differmuph  from  90°.  ThedystaJs  »re  generally  rednced 
ijpredomiuiuice  of  thefaces  isPand  sPo],  and  t«rmiDHted  b;oP,  +P, 
age  perfect  parallel  to  —Pes  and  cdF  (Kopp).  More  frequently,  how- 
in  lanunnr,  Bbroua,  oompae^  or  earthy  maaaea.  Specifle  gravis  —  37 
i(M  ^  3'S  Co  1.  It  vanes  in  colour  froni  emerald  lo  gnua-ereen,  and 
greei  of  transparency  doirn  to  perfect  opacitj.  It  takes  a  high  polish, 
Tge  massea  is  cut  into  tables,  snuff-boiee,  vaaeo,  &c.  Malachite  nsnally 
her  ores  of  copper.  Perfect  cryslala  are  very  rate.  The  fibrooa  Tirietj 
itly  in  Siberia,  at  Giessy  in  France,  at  Sandlodge  in  Shetland ;  tlie  rom- 

Schwartz  in  the  Tyrol,  in  Conivall,  and  in  Cumberland.  AC  the  copper 
iBe  Tagilsk,  a  bed  of  malachite  waa  opened  which  yielded  many  tons  of 
Ualacbite  ia  also  found  on  the  weat  coast  of  Africa,  and  in  seTeral 
irtli  America.   (Dana,  ii.  4^8.) 

treated  with  alkaline  carbonates,  yield  at  first  a  greenish-blue  preei- 
ag,  according  to  Brunner,  of  00*00' +  aaq.;  which,  howeier,  when  left 
1  the  liqoid.  and  wuabed,  becomes  compact  and  green,  and  acquires  the 

malachite.  When  heated  to  200°C.  it  is  slowly  converted  into  black 
rhich  obatinately  retains  a  small  quantity  of  water.  Mslnehite  slowly 
the  lame  manner  at  220°,  The  dicupric  salt,  either  native  or  preci- 
mpoaed  by  boiling  with  water,  giving  up  carbonic  acid,  and  being  entirely 
black oiideof  copper.  (H.  Rose;  F.  Field.  Chem.  Soc  Q,u.  J.  liv.  71.J 
rith  neutral  curbonate  of  sodium  at  120°  F.  (4B'8°  C.)  it  is  conTerted 


Cu'OO'.lCuO.    Boiled  with  sesqui carbonate  of  sodium,  itdissolTea. 


tiqnid.which  is  not  decomposed  even  by  long  boiling;  but  when  sulphab 
liled  for  a  Terylong  time  with  sesquicatbonate  of  sodium,  a  green  precipi- 
c  Uirbonate  is  obtained,  and  on  filtering  from  this  and  adding  more  eul- 
T  to  Che  filtrate,  the  ba<ic  salt  just  mentioned  is  precipitated,  as  a  dense 
(Field).  Accotding  to  Derille.  dicupric  carbonate  digested  with 
ate  of  sodium  is  partly  coUTerted  into  SCn'O.CO'  +  6H'0. 

dicupric  carbonate.  Cu'CO'.  or  2Cu"0.C0',  occurs,  according  to 
'ituralegg.  i.  SOI),  as  myaonn,  a  mineral  from  Mysore  in  Hiudiwtitn, 
>  faerie  oxide  and  silica,    Dana  anggesta  that  it  may  be  only  an  impure 

Ortheearhe^att,  dli'H'OK)*  (or  3Cu"0.2CO'  +  H'O).  Amri/t, 
CarboniOe  of  Copper,  Blut  Maiackite,  C/itMy  Copper,  CAitigliil,  Kup/er- 
lineml  ocean  in  fine  cryslala,  belonging  to  the  monoclinic  system,  in 
hodiagonal,  clinodiagonal,  and  principal  axis  are  to  one  another  as 
'6.  Inclination  of  axes  87°  3V.  Observed  faces  aP  .  oF.  [Po]  . 
,  together  with  others  of  leaa  frsqaent  occurrence.  The  crrstals  are 
»liy  elongated  in  the  direction  of  the  orlhodi agonal.  Cleavage  parallel 
p's  Kryttailj^ffrapltit,  p.  303).  The  mineral  occurs  also  massive  and  in 
Ml.  haringa  columnaxeomposition.Blsodullandeartby.  SpeciScgravity 
1.  Hardness  a  3'fi  to  4'2S.  Luatre  vitreous,  almoet  adamantine. 
I  shades  of  azure,  pauing  into  Prussian-bluB.  Streak  blue,  lighter  than 
insparent  Co  sub-translucent.  Fracture  concho'idal.  Brittle.  It  is  found 
ilaJlisaCionB  at  Clieeay  near  Lyons,  in  fine  crystals  alao  in  Siberia,  at 
le  Bannat,  at  Wheal  Bnller.  near  Redruth  in  Comwall ;  at  Porto  Bello. 
:  and  in  snuUl  quantities  at  Alston  Moor,  WanlocUiced.  &c.  It  IS 
he  States  of  Pennsylvania.  New  Tork.andNew  Jersey.  (Dana,  ii.  459.) 
1  ground  Co  fine  powder  forms  a  bright  blue  pigment ;  but  it  is  not  of 
t  is  apt  to  turn  green  by  expoann.    When  boilsd  with  water,  it  decom- 
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poBfls  like  maUeliite,  yielding  blade  oxide  of  oopper.  Heated  with  a  oonomtnted  lo- 
lataon  of  diadd  carbonate  of  sodium,  it  yields  a  blue  solution,  which,  after  protzacted 
boiling,  deposits  a  green  precipitate  of  malachite  (Field).  According  to  Phillips 
(Ann.  Ch.  J?hys.  [2]  yii  44)  a  cupric  carbonate,  called  blue  wrdUer,  h»Ting  the  same 
composition  as  amrite,  is  obtained  by  a  secret  process. 

PotoBtuHntmic  Carbonaie, — Nitrate  of  oopper  forms  with  diacid  carbonate  of  potas- 
sium, a  deep  olue  liquid,  which  after  a  few  hours  deposits  a  silky  mass,  oonsistiag  of 
6C;u' O.K'0.6CO»  +  10 aq.  or  (Cu»K«H»)CH)»  +  6  aq.  (DeTiUe,  Ann.Ch.Phy8. 
[3]  xzxiii.  76.) 

Sodio-cuprie  CarbonaUt  Cu19a*(C0')'  +  6aq.,  is  obtained  by  adding  an  add  solution 
of  nitrate  of  copper  to  carbonate  of  potassium  containing  soda,  and  leaving  the  precipt&to 
in  the  liquid  for  a  considerable  time ;  also  by  the  action  of  diacid  carbonate  of  sodium 
on  dicupric  carbonate  at  40° — 50°  C.  It  forms  rhombic  prisms,  having  the  angles  of 
the  obtuse  edges  s  123°  14',  and  acuminated  with  four  &ees  resting  on  the  prismatic 
edges.    (Deville.) 

Cuprous  Carbonate? — ^The  yellow  precipitate  obtained  by  adding  carbonate  of  sodium 
to  a  solution  of  cuprous  chloride  in  hydrochloric  acid  was  said  by  Colin  to  be  a  cuprous 
carbonate,  but  according  to  L.  Gmelin  (Handbook,  t.  414),  it  is  mersly  cnproos 
hydrate. 

Carbonate  of  Cuprammonium,  (K'H'Cu*)''CO',  is  obtained  in  large  deep  blue  ciystals 
by  dissolving  tricuprie  or  dicupric  carbonate  in  carbonate  of  ammonia,  and  pouring 
the  solution  into  alcohol.  It  is  rapidly  decomposed  by  water  into  carbonate  of  sm- 
moniaand  a  basic  carbonate  of  copper,  Cu'C0*.Cu'H*0*+2aq.  (Favre,  THiU  de 
Ckimie  par  Pelouu  et  Frhnv,  iii.  201.)  The  same  ammoniacal  compound  appears  to 
be  formed  when  cupric  oxiae  or  finely  divided  metallic  copper  is  digested  in  ammonia 
with  access  of  air. 

Gabbonatb  of  Didtkium  is  obtained  as  a  white,  slightly  rose-coloored  predm- 
tate  containing  IM^CX)'  +  2aq.,  on  adding  an  alkaline  carEonate  to  the  solution  or  a 
didymium-salt.  At  100°  C.  it  gives  off  two-thirds  of  its  water  and  a  small  quantity 
of  carbonic  acid.    (Marignac.) 

Carbonatb  of  Ethtl.    See  Cabbokxc  BmBRB. 

Cabbonatb  of  Glucikum  is  produced  when  the  hydrate  is  exposed  to  the  air, 
also  by  precipitating  glucinum-salts  with  alkaline  carbonates,  not  in  excess,  and  by 
boiling  a  solution  of  carbonate  of  glucinum  and  ammonium.  It  appears  to  vary  in  oom- 
position ;  the  precipitate  obtained  by  the  last-mentioned  prooees  has,  aoccnding  to 
Schafibotsch,  the  composition  dGrO.CO>  +  6aq.  or  Gl*C0«.80l'^'0'  +  Saq.  It  appean 
to  be  decomposed  by  boiling  with  water.  It  dissolves  in  alkaline  carbonates,  forming 
double  salts. 

Carbonaie  of  Glueinum  and  AmmoniiuiL — ^When  a  solution  of  gludna  in  aqueous  ca^ 
bonate  of  ammonia  is  heated  to  the  boiling  point,  till  the  liquid  begins  to  show  tnibiditj, 
then  filtered,  and  the  tiltrate  mixed  with  alcohol  till  it  becomes  milky,  white  trans- 
parent crystals  are  gnwlually  deposited,  containing  4Gr0.3CO«.H»0  +  3l(NH*)K).C02] 
orperhaps  ai'^'0='.3Gr(NH*)XC0')'.  They  become  dull  on  exposure  to  theair,  are  inso- 
luble in  absolute  alcohol,  but  dissolve  resdily  in  cold  ?rater,  and  are  decomposed  by 
hot  water,  with  evolution  of  carbonate  of  ammonia.  (Debray,  Ann.  Ch.  Phys.  [3] 
xliv.  6.) 

Carb<maU  of  Glucinum  and  Potasnum,  Gl'^K)'.dGr'K>(CO*)*,  is  obtained  b  the 
same  manner  as  the  ammonium-salt,  which  it  resembles  in  its  properties.    (Bebray.) 

Carbonate  of  glucinum  likewise  fbrms  a  double  salt  with  earbcmate  <^  sodium. 

Cabbonatbs  of  Ibon. — Ferric  carbonate  does  not  appear  to  exist.  The  prsdpitnte 
formed  by  alkaline  carbonates  in  solution  of  ferric  nitrate,  consists,  according  to 
L.  Gmelin  {Handbook,  v.  222),  of  ferric  hydrate  without  a  trace  of  caibonie  scid. 
According  toSoubeiran  (Ann.  Ch.  Phys.  [2]  xliv.  326),  the  predpitate  thrown  down 
by  alkaline  ciirbonates  from  ferrous  salts,  contains,  after  thorough  wsshing  and  expo- 
sure in  thin  layers  to  the  moist  air  of  a  cellar  for  six  months,  71*4  per  eent  ferric 
oxide  (quite  free  from  ferrous  oxide),  8*3  carbonic  anhydride,  and  20*0  water;  but  it 
is  doubtful  whether  a  definite  carbonate  is  formed. 

Double  carbonates  of  ferricum  and  the  alkali-metals  appear  to  be  capable  of  existing 
in  solution,  though  not  in  the  solid  state.  When  a  feme  salt  is  precipitated  by  oon* 
centrated  carbonate  of  ammonia,  the  precipitated  ferric  hydrate  gradually  redisswlTsa, 
but  is  slowly  deposited  again  on  diluting  with  water.  Well  washed  ferric  hydrate, 
however,  does  not  dissolve  in  carbonate  of  ammonia,  so  that  the  presence  of  the  amnio> 
niacal  salt  formed  in  the  decomposition  appears  to  be  necessary  to  the  solutioD  of  tiw 
ferric  hydrate.  Similar  reactions  are  obtained  with  strong  solutions  of  carbooits  0^ 
potassium  or  sodium. 

Ferrous  Carbon atc^The  anhydrous  metacarbonate  Fe^CO'  or  FelO.OO*,  ««*»» 
abundantly  as  a  natural  mineral  via.  Spathic  or  Sparry  iron  ore,  also  called  Gulf* 
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iDombohedMU,  in  vhich  the  principal  izi*  ii  to  the  •econdatj 
:  1,  and  th*  incliiutiOD  of  the  htre  meeting  in  the  terminal  edgea 
■  Ibnn  being  either  eolituj  or  predomiiiaiit,  ind  often  with  cnired 
M  in  twia-OTitala.  It  abo  occnn  in  botijoidal  and  globular  forma  (as 
,  oecaaionillj  inailkjBbionimassea;  often  dcavabie  maasiTe,  with  clear- 
olate  i  alao  eoarait  OT  fine  granalar,   Spedfiegiavitj  — 37  to  3'6.   Hard- 


Fraetnre  naeren.    Brittle.    (Dana,  Ii.  14JS.) 

carbonate  woold  contain  37'S3  per  cenL  carbonic  aoiiTdride  and  (tS'OT 
The  mineral  alwaja  contaJDa  mom  or  leu  of  the  earbocatel  of  mansa- 
am,  and  ailcinm.  A  black  Tarirtj  from  Babbowaky  gave  3S-61  CO*, 
91  HnO,  trace  of  UgO,  Q-69  CaO,  and  0'60  gangue.  A  apedmrn 
libourhooil  of  Durham  yielded  SIS'BO  C0>.  UfiT  FeO,  I'lS  UnO,  l'I8 
water  ("  97'43).  The  Tarietj  called  oUgoiuipai  oontaini  2C'S1  per 
u  oxide  ;  other  Tarietiee  contain  13  to  19  per  cent,  magneiia. 
onate  il  a  tsij  aboadant  mineral,  occncring  in  gneiia,  mica  llate,  dmj 
nnectioa  with  the  coal  formation.  At  Freiberg  it  occnn  in  nlTer  miaea. 
accompaniei  tin.  It  is  alao  found  accompanjing  copper  and  iron  py- 
rilieoiii  copper,  &c.  In  New  York,  according  to  Beck,  it  ia  almort 
led  with  ipeeiUar  iron,  Occaaionall;  it  ia  found  in  trap  rock«  aa  apha- 
at).  A  nlieeona  or  aivillaceona  Taiicty  called  day  mn  stont,  which 
oal  meaaoree,  i*  one  of  the  moet  abnodant  and  valuable  ores  of  iron. 
ntitin  of  it  are  fbnnd  and  wo^ed  in  South  Staffbrdahire,  at  Hothjr 
h  WbImi,  and  near  Glasgow. 

emnw  carbonate  mai^  be  prepared  artiflciall;  by  proeeoee  similar  to  thoae 
led  for  carbonate  of  wbBlt(p.  7S3].  It  then  forms  a  greyish- white  erju- 
omposed  of  minnte  rhombohedrona,  scarcely  aClackod  by  dilute  aeida, 
ible  in  dry  air,  gradually  assuming  a  li^ht  red  tint  in  moist  air.  It  ia 
«y  eoloor  and  uia  alterable  in  tue  air  in  proportion  as  the  heat  em- 
epantion  haa  been  greater  and  longer  continued.  (S  jnarmont,  Ann. 
m.  1S9.) 

trout  carhimaie  ia  predpitaled  on  mixing  a  ferrooi  idlt  with  an  alkaline 
lick  white  tUkea,  whiclC  on  expoamv  to  the  air.  absorb  oiygcn  and  give 
id,  Bnt  aemminga  dirty  green  colour,  and  oltimitely  changing  to  yel- 
terie  hydrate.  Hence  it  ii  difflcnlt  to  obtain  the  precipitated  ferrous 
pure  and  deBnite  state.  The  beet  mode  of  proi^eeding  ia  to  predpilate 
te  quite  free  from  feme  nilpliate,  with  alkaline  monocarbonate  or 
oth  Balls  being  dinolred  in  water  which  baa  been  thoroughly  freed 
ilin^  wash  the  precipitate  ont  of  contact  with  the  air,  e.g.  by  deean- 
ironghly  de-sSraled  water,  keeping  the  ressel  quite  f\ill  anddoeed,  and 
moapherG  of  carbanic  anhydride  The  aalt  thus  prepared  is  a  greenish 
T,  which  is  nscd  in  medidns;  it  is  tolerably  permanent  if  thorooghly  dried ; 
oxidizes  qnickly  in  the  air,  becoming  hot,  and  giving  off  water  and  ear- 
t  may  be  rendered  more  permanent  bj  mixing  it  with  sugar  while 


lydrogen.  The  solntion,  which  exists  in  many  natural  waters,  called 
ra,  is  eolourieas,  has  a  sli^tly  ferruginous  tast^  it  dseompoeed,  with 
irrie  hydrate,  by  contact  with  the  air,  andgirea  a  black  precipitate  with 
ydrogeo.  To  preeerve  chalybeate  water  in  Tcssela,  they  mnat  first  ha 
ymic  anhydride,  then  opened  and  filled  below  the  snr&ce  of  the  water, 
:ed  nnder  water.  A  less  effident  mode  of  preserralion  ia  the  introdnc* 
re  and  a  few  grains  of  sogar. 

■  or  LaHTHAKiiK,  Ia'CO*  +  3  aq,,  ia  fonnd  natiTe  as  Lantkimitt,  a 
irlr  mistaken  for  carbonate  of  eerinm]  occuning  in  four-sided  plates  or 
ti  the  tiimetric  system,  with  bevelled  edges ;  also  flne-gtannlar,  and 
lo  gravi^  2*67  (?)  Hardnesa  2'G  to  3.  It  has  a  dnll  or  peariy  loatra^ 
hile,  faint  pink,  or  veUowiah  colour.  It  ia  fonnd  coating  cerile  at 
edeo,  and  in  Silurian  limestone,  with  the  linc  oreo  of  the  Saucon  valley, 
,  Pennsylvania.  The  American  mineral  was  found  by  J.  L.  Smith  \a 
per  cent,  1*0,  with  oiide  of  didymium,  22'6«  CO',  and  2409  water 
e  formula  requiring  62'B*  LaO,  2I-|  I  CO',  and  35-9S  water.  With  borai 
salt  it  yields  a  glass  having  an  amethystine  colour,  ariaing  from  didy* 
y  ii.  iM.) 
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Carbonate  of  lanthanum  obtained  by  precipitation  forms  a  wMte  gelatinoQa  man^ 
which  gradually  changes  into  shining  czystalline  scales. 

GabbonatssofLba  d, — The  anhydrous  metacarbonate,  Fb'OO*  or  Pb'O.CO^,  is 
found  natire  as  white  lead  ore  or  cerunte,  in  crystals  of  the  trimetrie  system,  isomor- 
phous  with  arragonite,  witherite,  and  strontianite^  and  in  which  the  bracfaTdiagontt], 
macrodiagonal,  and  principal  axis  are  in  the  ratio  of  0*61 00 : 1 :  0*7236.  Oidinaiy  com- 
bination P  .  00  P  .  P  OP  .  2P  00  .  00  P  00,  with  2P  oo  predominant.  Inclination  of  faces, 
ooP :  ooP  «  62°  46';  Poo  :  too  -71°  47';  2frao :  2too  «  1109  42*.  Clearage 
moderately  easy  parallel  to  ooP,  less  so  paralld  to  iPco.  It  is  sometimes  found  in 
twin-crystals,  the  &oe  of  combination  bemg  oo  P  (Kopp's  KryetaUograpkie^  p.  2611 ; 
rarely  fibrous ;  often  granularly  massire  and  compact  Specific  gravity  6*466  to  6*480. 
Hardness  3  to  3*6,  in  some  earthy  varieties  as  low  as  6*4.  Colourless  when  pure,  tran- 
sparent  or  translucent  in  various  degree  and  with  adunantine  lustre.  Fracture  ooDchoi- 
oaL  Very  brittle.  White  lead  ore  is  found  in  Cornwall  and  Cumberland,  at  LesdhilLi 
and  Wamockhead  in  Scotland,  in  Siberia,  in  the  Harz,  in  Bohemia,  and  many  other 
localities.  It  sometimes  occurs  altered  to  phosphate  of  lead  by  the  action  of  water 
eoataininpr  phosphate  of  calcium  ;  to  galena  by  the  action  of  suphuretted  hydrogen, 
and  to  minium  by  oxidation ;  also  more  or  less  to  magnesite^  malachite,  and  chiyso- 
colla.    (Dana.) 

Horn-lead  or  eeroiine  is  a  compound  of  carbonate  and  chloride  of  lead. 

Hydrocarhonaten, — The  precipitate  formed  in  solutions  of  lead-salts  by  alkaline 
carbonates  varies  in  composition  according  to  the  temperature  and  concentration  of  the 
liquids.  According  to  Bexzelius,  the  anhydrous  metacarbonate  is  obtained  by  treating 
nitrate  of  lead  wit£  excess  of  carbonate  of  ammonia ;  according  to  Lefort  (J.  Fhanri. 
[3]  XT.  26),  by  precipitating  with  alkaline  carbonates  in  the  cold,  whereas  from  hot 
stnutions  a  hydiated  salt^  3Pb''0.C0Mi'0,  is  obtained.  According  to  H.  Rose  (Ann. 
Ch.  Pharm.  Ixxx.  236),  the  precipitate  always  contains  hydrate  of  lead.  Equiraleot 
quantities  of  nitrate  of  lead  and  neutral  carbonate  of  sodiom  in  cold  strong  solutiona  )ield 
the  compound  6Pb''C0*.Pb"H'0'-«-  a(|.,  which  gives  off  some  of  iU  waUr  at  100"^  C, 
and  takes  up  more  carbonic  add ;  with  cold  dilute,  or  hot  coneentrated  soluUons.  the 
compound  6Pb''C0*.Pb"H>0>  is  obtained,  and  with  hot  dilute  solutions  SPb^CC. 
Pb''H'0^  When  the  carbonate  of  sodium  is  added  in  excess,  the  precipitate  consiiti 
fhiefly  of  2Pb''C0».Pb"H«0»  or  Pb»H*'C'0»,  but  contains  a  small , quantity  of  soda. 

Hydrated  carbonates  of  lead  are  also  formed  by  the  direct  action  of  carbonic  acid  on 
hyd»te  of  lead,  and  the  compounds  thus  obtained  differ  itom  the  precipitated  carlnv 
nate,  in  being  amorphous  and  perfectly  opaque,  whereas  the  predpitatea  carbonate  '» 
an  aggregate  of  minute  transparent  cryertalline  grains.  Hence  the  carbonate  fbnnM  bj 
absorption  of  carbonic  acid  is  much  better  adapted  for  a  pigment,  and  is  extensively  n^tii 
as  such  under  the  name  of  white  lead  or  eeruae  ;  its  great  opacity  gives  it  that  qnalit/ 
which  painters  call  body,  enabling  a  small  quantity  of  it  to  form  a  brilliant  white  cost- 
ingover  a  considerable  surface. 

l^ere  are  two  methods  of  preparing  white  lead.  In  the  older,  called  the  Dntcb 
method,  because  it  was  originally  practised  in  Holland,  thin  sheets  of  lead  are  placed 
over  gallipots  containing  weak  acetic  acid  (water  with  about  2^  per  cent  of  the  strong 
acid),  the  pots  being  embedded  in  fermenting  tan,  the  temperature  of  which  varies  from 
140^  to  160^  F.  The  action  is  often  very  rapid,  the  metal  disappearing  in  a  few  weeks 
to  the  centre  of  the  sheet.  In  this  process  from  2  to  2}  tons  of  lead  (4480  to  5600  llw. 
are  converted  into  carbonate  by  a  quantity  of  vinegar  eontainin^  not  more  than  60  lbs. 
of  strong  acetic  acid.  It  is  evident,  therefore,  that  the  metal  is  neither  oxidised  nor 
carbonated  at  the  expense  of  the  acetic  add.  The  oxygen  is  derived  from  the  air,  and 
the  carbonic  acid  from  the  fermenting  tan;  the  acetic  aad  merely  serves  todissoke  the 
oxide  of  lead  and  convert  it  into  a  basic  acetate,  which  is  easily  decomposed  by  car- 
bonic acid,  the  acetic  add  being  thereby  set  free  to  act  npon  another  portion  of  oxide 
of  lead.  That  this  is  really  the  mode  of  action,  ii  shown  by  what  taxes  place  in  the 
more  modem  process,  in  which  oxide  of  lead  (litharge)  is  mixed  with  water  and  about 
1  percent  of  neutral  acetate  of  lead,  and  carbonic  Mid  gas  is  passed  over  it:  in  tliii 
manner  the  oxide  is  quiddy  converted  into  excellent  white  lead.  Nitrate  of  lisd  haa 
also  been  used  in  this  latter  process  in  place  of  the  aoetatai 

White  lead  is  a  mixture  or  compound  of  carbonate  and  hydrate  of  lead,  in  Tftrioui 


166)  found  the  composition  of  four  samples  to  agree  with  the  first  of  these  formnlx, 
one  with  the  third,  and  another  to  contain  6Pb''C0".PbHK)'. 

White  lead  is  often  mixed  with  heavy  spar  and  gypsum,  tlie  addition  of  vbieh 
renders  it  less  liable  to  be  blackened  by  the  action  of  sulphuretted  hydrogen.    Oitdo 
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of  zinc  is  likewiae  add«d  for  the  same  purpose.    (Gm.  It.  127.     Vt^i  Bictwnary  of 
ArUt  MamufaetwrtB  and  Jliines,  iiL  1016 ;  Graham* s  Chemistry,  2nd  edition,  ii.  120.) 

Acid  Carbonate, — Carbonate  of  lead  dissolves  slightly  in  water  oontainine  carbonic 
add ;  the  solution  contains  from  ^^  to  j^  of  lead-oxide,  is  rendered  tnrbid  by  alka- 
line carbonates,  and  coloured  brown  by  mUpauretted  hydrogen.     (See  Lbad.) 

Carbonate  of  Lead  and  Sodium,  4Pb'T^0'.Na'C0*. — ^Produced,  according  to 
Berzelius  (Fogg.  Ann.  zlvii  199),  when  nitrate  of  lead  is  precipitated  by  carbonate 
of  sodium,  toe  precipitate  boiled  in  the  alkaline  liquid,  then  washed  and  dried  at 
160O  C. 

Cabbonatb  of  Lxthicx,  laKJO*. — ^This  salt,  which  is  slightly  soluble  in  water, 
exists  in  the  waters  of  Carlsbad,  Franzensbad,  and  others.  It  is  prepared  by  dissolv- 
ing an  excess  of  carbonate  of  ammonia  in  a  concentrated  solution  of  chloride  of  lithium, 
and  washing  the  resulting  precipitate  withalcohol ;  or  by  precipitating  sulphate  of  lithium 
with  acstate  of  barium,  evaporating  the  filtrate,  and  decomposing  the  residual  acetate 
of  lithium  by  ignition.  The  salt  melts  at  a  low  red  heat,  and  solidifies  to  a  vitreous 
mass  on  cooling.  It  is  not  decomposed  hy  heat.  It  dissolves  in  100  pis.  of  cold 
water  (Yauquelin);  in  130  pts.  at  U^C,,  and  in  128*5  pts.  at  100^  (Eremers 
Jahresber.  d.  Chem.  1856,  p.  275).  The  saturated  solution  boils  at  100^  (Kremers 
ibid.  p.  294).  The  solution  is  alkaline,  and  deposits  the  salt  by  slow  evi^ration,  in 
small  prisms.  It  decomposes  the  salts  of  ammonia,  and  gives  up  its  carbonic  acid 
to  caustic  baryta  and  lime. 

Water  saturated  with  carbonic  acid  dissolves  carbonate  of  lithium  more  freely  than 
pore  water. 

Carbonates  OF  Maohbsium. — The  anhydrous  metacarbonate,  Mjg^CO',  or 
Mig^.CO',  occurs  native  as  moffnesUe,  associated  with  serpentine  and  other  magnesian 
rocks.  It  is  found  in  rhombohedral  crystals,  isomorphous  with  calcspar.  Ratio  of  the 
principal  axis  to  the  secondary  axes  «  0*8117  :  1.  Angle  of  the  terminal  edges  «= 
107^  25.  Cleavage  perfect  parallel  to  the  rhombohedral  faces.  It  also  occurs  massive, 
granular,  or  fibrous,  sometimes  in  radiating  groups;  also  very  compact.  Specific 
gravity  »  2*8  to  3.  Hardness  »  3*5  to  4*5.  It  is  white,  or  with  various  shades  oi 
yellow,  grey,  and  brown,  has  a  vitreous  or  silky  lustre,  and  exhibits  all  degrees  of 
transparency,  down  to  complete  opacity.  Fracture  fiat,  conchoidaL  It  is  infusible 
before  the  Uowpipe,  and  dissolves  slowly  and  with  little  effervescence  in  acids.  It 
occurs  nearly  pure,  with  only  small  quantities  of  water  and  the  carbonates  of 
iion,  manganese,  and  calcium,  in  Moravia,  Styria,  Silesia,  Piedmont,  Spain,  and  at 
■evoral  localities  in  the  United  States.  Carbonate  of  magnesium  occurs  also  associated 
in  various  proportions  with  the  carbonates  of  iron,  manganese,  and  calcium,  forming 
the  mineraib  sphserosiderite,  diallogite,  dolomite,  bitter  spar,  &c 

Anhydrous  metacarbonate  of  magnesium  cannot  be  prepared  by  precipitating  a  so 
Inble  msffuesium-salt  with  an  alkalme  carbonate,  as  the  precipitate  thus  formed  always 
oontains  hydrate  of  magnesium ;  but  by  suspending  the  washed  precipitate  in  water, 
pftBffing  carbonic  acid  gas  through  the  Uquia  till  the  precipitate  is  dissolved,  and  eva- 
porating the  solution  by  heat,  me  anhydrous  salt  is  obtained  as  a  crystallinepowder, 
whidi  when  examined  by  the  microscope,  exhibits  the  form  of  arragonite  (H.  Rose, 
Pogg.  Ann.  xlii.  366).  It  is  likewise  obtained  by  heating  sulphate  of  magnesium  ¥rith 
carronate  of  sodium,  to  160^  C.  in  a  sealed  tube,  or  by  enclosing  a  soluble  magnesium- 
aah,  together  with  an  alkaline  dicarbonate  supersaturated  with  carbonic  acid,  in  a 
ttionff  vessel  closed  b^  a  cork,  through  which  the  carbonic  acid  can  escape  idowly. 
By  this  last  method,  it  is  obtained  in  microscopic  rhombohedrons,  like  native  magnesite 
(SAnarmont,  Compt  rend,  xxviii.  693 ;  Ann.  Ch.  Phys.  [3]  xxx.  129).  Anhydrous 
oarbonate  of  magnesium  is  therefore  isodimorphous  with  carbonate  of  calciiun.  When 
moistened  with  water,  it  gives  an  alkaline  reaction  with  litmus  and  violets.  If  the 
aolntion  of  carbonate  of  magnesium  in  excess  of  carbonic  add  be  left  to  evaporate 
■pontaneouslv,  or  kept  for  some  time  at  50^  C,  it  deposits  small  hexagonal  prisms, 
containing  M^CO'  +  3aq. :  they  give  up  their  water  in  warm  air,  becoming  opaque, 
but  retaining  their  form.  The  same  hydrated  crystals  are  obtained  by  mixing  the 
aolntions  of  sulphate  of  magnesium  and  sesquicarbonate  of  potassium  and  sodium,  and 
leaving  the  nuxtnre  to  stand.  A  saturated  solution  of  carbonate  of  magnesium  in 
aqueous  carbonic  add,  exposed  for  some  time  to  a  winter  temperature,  deposits 
transparent  oblique  prismatic  crystals,  containing  5  at  w^ter ;  "MgCO*  +  5aq.  They 
are  converted  into  the  preceding,  with  loss  of  transparency,  by  exposure  to  the  air, 
more  quickly  in  sunshine,  and  by  immersion  in  water  at  50^  C.  If  boiled  with  water, 
they  give  up  port  of  their  carbonic  acid,  and  are  ultimately  converted  into  2Mg^C0*. 
MgH=0«-»-2aq.     (Fritzsche.) 

Hydrocarbonatee,    a.  6Mg^0.4CO«   +   5aq.   =  4Mg"C0«.Mg^HW  +  4aq.  - 

(])I^H*)C^O**  f  aq.— Produced,  as  just  mentioned,  by  the  action  of  water  on  MgfOO"<^ 
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fioq.,  better  bjr  boiling  with  water  eontuoing  Ammonia  (Fritiiehe);  wlaohjpnd^ 
pitating  enlphate  of  magneiinm  with  carbonate  of  sodium,  and  drying  the  precipitate 
at  100^  G.  (H.  Roie,  Ann.  Ch.  Pharm.  Ixzx.  284);  also*  aoeording  to  fienelini,  by 
boiling  a  lolntion  of  acid  carbonate  of  magnesium  for  a  long  time.  It  is  a  white 
granular  powder. 

b.  4Mg*0.3CO«  +  4aq.  =  8Mg''CO>.Mg''H*0«  +  3aq.-(Mg«H<)C»0«  +  2aq.--Fonnd 
native  as  HydromagnesUef  in  small  white,  brittle,  or  acicnlar  crystals,  of  the  monodinic 
system,  or  m  chalky  crusts.  Specific  gravity  »  2*145  to  2*18.  Hardness  of  the  er^ 
tals  M  8*5.  It  is  found  at  Hnibschiti  in  Moravia  in  seipentine;  in  Ne^ponte  near 
Kumi ;  and  cxTstallised  with  serpentine  and  bmcite  (hydrate  of  maffnesium),  in  Lan- 
caster county,  Fennsylvania.  Lancatierite  is  a  mixture  of  bmcite  and  hydzomsgnesite. 
(Dana,  ii.  456.) 

A  substance  of  the  same  composition  is  obtained  by  mixing  sulphate  of  magnesium 
with  excess  of  a  hot  solution  of  carbonate  of  potassium,  and  boiling  the  predpitAte 
with  fresh  quantities  of  water,  as  long  as  any  add  carbonate  dissolves  out  (Berielius) ; 
also,  aoeording  to  Fritssehe,  by  boiling  a  saturated  solution  of  the  add  carbonate,  and 
twice  bcnling  tiie  resulting  predpitate  with  fresh  quantities  of  water.  It  is  a  white 
powder,  slightly  soluble  in  water,  and  forming  an  alkaline  solution.  When  dried  at 
100°  0.  in  the  air,  it  absorbs  carbonic  add,  and  is  converted  into  51Ig'X).400*-i-  5aq. 
(H.  Rose.) 

c.  8Mg^0.2CO'  •«•  8aq.  (?)  Obtained,  according  to  Fritssehe  (Fogg.  Ann,  zxxril 
810),  by  predpitating  sulphate  of  magnesium  with  a  very  large  excess  of  carbonate  of 
sodium,  boiling  the  whole  till  the  |iredpitate  passes  from  the  flocculent  to  the  gnnolar 
condition ;  then  washing  and  boihng  rapidly  with  water,  pouring  off  the  liquid,  and 
twice  boiling  the  reddue  with  fresh  water.  It  consists  of  small  grains  mixed  with  a 
small  quantity  of  the  original  flocculent  predpitate.  According  to  BeizeliuB,  the  pre- 
dpitate obtained  as  above  may  contain  carbonate  of  sodium.  A^rding  to  H.  Rose,  the 
predpitate  formed  by  carbonate  of  sodium  with  sulphate  of  macnenum  alwajrs  contains 
5MgO  to  400*,  whatever  may  be  the  temperature  and  strengu  of  the  solutiona 

Tne  pharmaceutical  preparation  known  as  Magtutia  oiba^  is  a  mixture  of  the  seTersl 
hydrocarbonates  of  magnedum,  the  proportions  depending  on  the  relative  quantity  of 
the  predpitant,  the  degree  of  dilution,  and  the  temperature  at  which  predpit^itiuii 
takes  pliuse.  It  is  prepared  on  the  large  scale  by  predpitating  sulphate,  nitrate,  or 
chloride  of  magnesium  with  carbonate  of  potaadum  or  sodium.  Various  mineral 
waters  containing  sulphate  of  magnedum,  such  as  the  Epsom  water,  are  used  for  the 
purpose,  also  the  mother-liquor  of  sea-water,  of  many  aalt-springs,  and  of  many  kindu 
of  saltpetre ;  most  of  these  liquids,  however,  contain  lime,  which  must  be  previouslj 
•eparated  by  sulphate  of  potassium  or  sodium.  After  being  well  washed  with  hot 
water,  it  forms  a  veiv  light,  and  bulky  powder.  The  utmost  degree  of  lightness  is  ob< 
tained  by  allowing  the  predpitate  to  freese  while  still  moist    (G^m.  iii  228.) 

Acid  Carbonate, — Magnesia  alba  shaken  up  with  aqueous  carbonic  add,  forms  a 
solution  having  a  bitter  taste  and  alkaline  reaction,  and  containing,  according  to  Son- 
beiran,  just  twice  as  much  carbonic  add  with  the  same  quantitv  of  magnesia  sa  th« 
normal  salt  (probably  Mg^H*CK)*^.  It  becomes  turbid  at  75*^  C,  but  vecofeis  its 
deamess  on  cooling.  When  heatea  to  60**  C,  or  ^vapomted  in  vacuo,  it  deponts  the 
trihydrated  metacarbonate,  MgfC0'  +  8aq.    (Berzelius,  Fritssehe.) 

Carbonate  of  Maanesium  and  Ammonium^  Hg''(NH<)*C*0*  +  4H*0,  0711- 
tallises  in  translucent  rhombohedrons  from  a  mixture  of  the  cold  aqueous  solutiuns  of 
sulphate  or  chloride  of  magnesium  and  sesquicarbonate  of  ammonia,  the  latter  ia 
excess,  or  from  a  solution  of  hydrate  of  magnesium  in  sesquicarbonate  of  ammonia. 

Carbonate  of  Magnesium  and  Potaeeium,  (Mg'K*H*)CK>*'+8aq.,  is  de- 
posited after  a  few  days  in  large  crystals  fr^m  a  cold  aqueous  mixture  of  diloride  or 
nitrate  of  magnesium  with  excess  of  diacid  carbonate  of  potassium.  The  eiystals  become 
opaque  and  lose  water  at  100^  C,  and  are  decomposed  by  water,  which  dissolves  the 
add  carbonates  of  potassium  and  magnesium,  and  leaves  a  reddue  consisting  of  the 
hydrocarbonate6Mg^CO'.Mflf1SK>*+(^.     (Berzelius.) 

H.  Deville  (Ann.  Ch.  Phys.  xxxiii.  75)  obtained  the  salt  by  the  same  process  ia 
microscopic  crystals,  apparently  having  the  form  of  oblique  rhombic  prisms.  By  using 
sesquicarbonate  of  potassium  instead  of  the  diacid  carbonate,  he  obtained,  together  with 
the  preceding,  anotner  double  salt,  containing  Mg'^^CO*  +  4aq.  The  latter  is  obtained 
separately  in  small  rhombic  prisms  by  digesting  magnuia  aAa  ibr  twelve  or  fifte«n 
hours  at  60°  or  70°  C,  with  diacid  carbonate  of  potassium. 

Carbonate  of  Magneeiumand  i9o<i?tttm,M^Na'C*0*,isobtainedinaahydrot» 
microscopic  crystals  by  digesting  magnema  alba  in  like  manner  with  diadd  earboQat«  of 
sodium.  A  mixture  of  a  magnesium-salt  with  diacid  carbonate  of  sodium  yields  do 
double  salt,  but  only  Hg^CO'  -f  3aq. 

Cabboxatb  of  Ma  If  o  ▲USSR.— The  anhydrous  carbonate  occurs  native  as  D^ 
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called  Btd  Mmt^amae,  ShottockrntUt,  Brean  Spar,  MangetupalK    I 

ohednl  oTitBlB,  uamorphooB  irith  c&lcito,  in  vhich  the  principal  ii  b 

■xnuO'Bll?  :  1.  uidUieiDclioMioDof  thehcea  meeting  iq  the  termini 
'SI'.  The  ciystala  are  tabnlBT,  exhibiting  the  faces  It .  -^K  »Il .  OB 
in  globukr  and  botrjoi'dal  fonns ;  likewise  grannlitr  masaive  ;  occaaional^ 
blepovder.  Spedfie  gnvity  S'l  to  36 ;  of  a  Tarietjtrom  Eapnik.  3'fi9S 
tol'S.  It  ia  tnuulDcent,  of  roae-red  orbrowniah  colour,  and  Titreoua  luatr 
>eaHj.  Streak  white.  Fracture  nneren.  Brittle.  It  ii  found  in  the  Saxoi 
rjij  uid  Kapnik.  in  Tranajlrania,  near  Slbingccode  in  the  Han,  &c  A 
the  county  of  Clare,  Ireland,  it  forma  a  layer  of  y ellowiah-grey  coloni 
ick,  below  a  bog.  It  alao  occnia  in  the  pnlTeruJent  form,  coating  triplit* 
}D,  Connecticnt.  It  ia  genenllj  mixea  with  the  carbonatea  of  caldan 
mi,  the  pniportioD  of  caiboiwte  of  manganeae  TaiTing  from  07  to  75  pe 
pie  from  Ireland,  annlyaed  by  Qraner  (Ana.  Hin.  [3]  iriii.  61).  saT 
.  Mn  "CO",  07  Fe'CO",  I'O  Ca'CO",  08  Mg'CO',  and  01  MnKI". 

carbonate  ot  msnganeae  may  be  obtained  artiScdally  H  a  Toy  fini 
■intly  roa«-eoIonred  powder,  by  heating  chloride  of  manganese  in  a  aealet 
bonate  of  aodium  to  160°  C.,  or  with  carbonate  of  caldnm  to  110° — 170' 
I  hotm.  (S  jnarmont,  Compt,  rend,  nviii.  6S8.) 
bating  loanganoaB  salts  with  carbonate  of  potaadnm  or  aodium,  a  vhiti 
formed,  which,  after  washing  with  boiling  water,  and  diyins  in  Tacn 
itriol,  ia  a  inow-white  taatelesa  powder,  containing,  acooiding  to  thi 
Jre,  Turner,  John,  and  Forehhammer,  SMn'CO' +  aq.  (amTiT.  2U) 
H.  BoBe  (Ann.  Ch.  Pbarm.  lin.  236)  equivalent  qnantitips  of  chloridi 

and  carbonate  of  Bodiam  yield  a  predpitale  containing  SMn'CO'.SHoHO 
of  macgsneae,  whether  aahydnius  or  bjdrated,  ia  permanent  at  ordinal] 

but  when  heated  to  redneai  in  the  air,  aasome*  a  <uak  Iwown  colonr,  anc 
nto  manganOM-manganic  oxide-  Ignit«d  in  an  atmoaphere  of  hydrtsen 
oiab-grej'  manganooi  oxide.    Ignitod  in  chlorine  na,  it  yielda,  aeeoiduif 

eryitalhne  nuztnis  of  chloride  of  manganeoe  and  mAnganoao-DUDganii 

uin-co'  +  a*  -  i6i"ca'  +  mb'O'  +  tec. 

w  or  aqtieans  b^pothlorit*  of  cddma  Mnrarti  it,  flnt  into  manganoao 
de,Bftarwarda  into  peroziile.  Whsn  recently  preciiHtatcd,  it  diMtdvet  ij 
lalta.    It  iiaolnblein76a0pta.of  pnrewater,  andinSISOpta.  of  aqneoni 

.    (John.) 

,TZ8  OT  MnBCCnr. — ItercuriB  nitnta  giTea  with  nsntral  or  acid  ear 

taaaium  or  sodium,  a  brown-red  preeipitats,  oootailiiBg  ABgTO.CO*,  o 

0'.  (Settflrberg.Pagg.Ann.iix.60.)  From mncnric chloride, alkaliin 

precipitate,  not  a  carbonate  bat  nn  oiychloride. 

nitrate  yields  with  carbonate  of  potaaainm  a  black  or  ysllow  powdei 

nuTTurtnu  carbonali,  (Hg')'CO*,    It  ia  very  apt  to  give  off  carbonic  acid 

way  of  obtiuning  it  of  definite  composition  is  to  mix  mercurons  nitrab 

excess  of  alkaline  bicarbonale,  set  the  miitura  aside  for  a  few  days,  aw 

itly.  then  wash  as  quickly  as  possible,  and  dry  in  vacuo  orer  oil  of  vitriol 

;,  toe.  cil.)    It  is  canverted  into  mercoric  oxide  by  exposure  to  the  aii 

en  it,  sepAratJng  metallic  mercury.     (Qm.Ti.  16.) 

I  or  MsrsTL.    See  Cahboihc  Etbuu. 

.TS  OF  MicKiL.— The  anhydrous  salt,  Ki'CCV,  is  obtained  by  healini 

ckel  witji  alkaline  carbonates  in  sealed  tnbes,  in  the  asms  manner  aa  car 

alt  (p.  782),  is  a  greenish- white  crystalline  powder,  composed  of  minut 

na,  Bcareel;  attacked  by  strong  acids  at  ordinary  temperstares.    (Sin  at 

■bonaU  i{f  nieinl,  Ni'CO'.SHi'H'O',  called  Bmratd-niebl,  occois  in  th 

aetitic  crust  on  cbrome-iron  ore.  al  Teiaa.  Idncaater  Connty,  PennsylTanil 
BMa  in  Dust,  Shetland.  It  is  amorphous,  with  an  uneven  somewiutscaf 
edflo  8i*Ttty  —  S'ST  to  2'623.  Hardness  3  to  3-2S.  Colour,  mnei^ 
nmg  Tibeoos  lustre.  Streak  green.  It  gives  oCT  water  when  heated,  an 
h.  (B.8illiman,  Jan-SaiAm.  J.[2]vi.2*8.) 
bclmomsnte,  a  mineral  allied  to  tbe  pmeding,  but  containing  magneaim 
ckel,  i«  found  in  the  same  loceliti<4  in  serpentine.  (Shepard  iiuL  2fiO. 
s  trosted  with  alkaline  carbonates,  yield  a  pale  apple-green,  floccnlen 
rhich,  after  waahing  and  diying,  sometlmei  forms  a  loose,  earthy,  pale 
aving  a  faint  metallic  lostre,  eomelimea,  espedaUj  after  continued  wash 
ing  «atBr,a  tlkick  blackish -green  mass,  having  a  conchoids]  wavy  fracturt 
itca  thus  Jiwiutd  alwajs  contain  water,  their  oompodlion  varying  iccOTdin, 
3b  3 
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to  the  tempezatiuw,  strength,  and  proportions  of  the  solutiona  employed.  According  to 
H.  Bose  (Ann.  Ch.  Pharm.  box.  237),  the  precipitate  formed  in  the  cold  with  snlpbite 
of  nickel  and  neatral  carbonate  of  sodium  oonBists,  when  dried  at  lOO'^  C,  chicdiT  of 
2Ni''CO".3Ni'^«0»  +  ^. ;  if  boiled  with  a  laige  quantity  of  water,  it  appear*  to 
take  up  water  and  lose  carbonic  acid.  If  heated  in  the  air  above  100°,  it  gradually 
gives  off  carbonic  acid  and  water,  and  is  partly  converted  into  peroxide  of  nickel. 
I^ipitated  carbonate  of  nickel  does  not  appear  to  be  altered  by  digestion  with 
bicurbonate  of  soda,  even  at  60^  to  70^    (H.  Deville.) 


obtained  by  Bose. 

Carbonate  ofKuskd  and  Sodium,  (Ni"Na«)C«0«  +  lOaq.,  is  obtained  like  the  cobalt- 
salt,  in  small  crystals,  which  appear  to  be  cube-like  rhombohedrons.    (Deville.) 

CA.BBOirATBB  OF  Pallasiuic. — ^Ob  adding  an  alkaline  carbonate  to  a  solution  of 
palladium,  a  light  yellow  precipitate  is  formed,  at  first  without  evolution  of  carbonic 
anhydride;  but  on  continuing  the  precipitation,  efferveaeenoe  ensues,  and  the  precipitate 
turns  brown.    It  retains  a  raiall  quantity  of  carbonic  add  when  dry.    (B  era eli u  a  > 

Cabbonatbs  of  Potassium. — Three  of  these  salts  are  known,  all  having  the 
constitution  of  metacarbonates^  vis.  the  dtpotasMc  or  neutral  carbonate^  KK)0*  or 
KK).CO',  the  fnonopotaeeio  or  di-^udd  carbonate^  commonly  called  bicarbonate,  KHCO* 
or  KK).HK).2C0',  and  the  tetrapotaseie  or  eee^td-^md  carbonate,  K«HK)*0*,  or 
2E'0.3CO'  +  HH).  The  last  has  not  been  obtained  in  vecy  di^nite  fonn,  and  ia 
perhaps  only  a  mixture  of  the  other  two. 

Dipotaesie  Carbonate,  or  Neutral  Carbonate  of  Potaeeiunu  K'CO'.  Sub' 
carbonate  of  Potash.  Mild  or  Aerated  Vegetable  Alkali,  Salt  of  Tartar.  Purified  PbiaeL 
Pearlash.  Alkaii  vegetabile  fixum,  Cineres  davellati  depurati. — This  salt  is  obtained 
chiefly  from  the  ashes  of  plants.  Living  plants  contain  the  potassium-saltB  of  several 
vegetable  acids,  acetic,  malic,  tartaric,  oxalic,  &c ;  and  these  salts,  when  calcined,  are 
transformed  into  carbonate,  which  remains  in  the  calcined  residue  mixed  with  charcoal 
and  the  various  mineral  salts  contained  in  the  plant,  via.  sulphate,  chloride,  and 
silicate  of  potassium  and  sodium,  besides  carbonate  of  calcium  and  other  insolubla 
matters.  On  treating  the  ash  with  water,  the  carbonate  of  potassium  ia  dissolved, 
together  with  the  alkaline  su^hates  and  chlorides,  and  a  residue  is  lef^  conaiata'ng  of 
carbonate  and  phosphate  of  calcium,  silica^  clay,  &c.  The  solution  is  evaporated  to 
dryness,  and  the  residue  is  sold  as  crude  potash.  Sometimes  lime  is  stirred  in  with 
the  solution  during  the  evapNoration,  and  then  the  carbonate  of  potassium  is  partly  con* 
verted  into  hydrate  or  caustic  pota^.  The  quanti^  of  potash  obtained  from  diffe- 
rent plants  varies  according  to  their  nature,  the  most  succulent  yielding  the  largest 
amount,  inasmuch  ss  the  alkaline  salts  are  chiefly  contained  in  the  sap :  hence  herbaceous 
plants  yield  more  than  shrubs  or  trees.  The  different  parts  of  the  same  plant  also 
yield  different  quantities — the  leaves  more  than  the  branches,  the  bark  more  than  the 
wood. 

The  ashes  of  plants  are  used  in  all  countries  for  the  alkali  which  they  contain,  both 
as  manure  for  the  soil,  and  to  yield  a  lye  for  the  bleaching  of  linen ;  but  it  is  only  ip 
countries  whi*re  wood  is  very  abundant*  that  potash  can  be  advantageously  prepared  as 
a  commercial  product  Nearly  all  the  potasa  used  in  the  arts  oomes  from  America  or 
from  Bussia 

Crude  potash  contains  from  60  to  80  per  cent  of  carbonate  of  potsasinm,  the  re- 
mainder consisting  of  sulphate,  chloride,  and  small  quantities  of  silicate  of  potasasinm 
together  with  otganic  matter  which  has  not  been  completely  burnt  This  carbonate 
being  much  more  soluble  than  the  other  potassium-salts,  may,  for  the  most  part,  be 
separated  from  them  by  digesting  the  crude  potash  for  several  days  with  ite  own  weight 
of  cold  water,  then  decanting  the  liquid,  quickly  evi^rating  it,  removing  it  from  the  fire 
as  soon  as  it  begins  to  show  turbidity  from  the  formation  of  small  dystals,  and  leaving  it 
to  cool,  stirring  all  the  while  to  prevent  the  formation  of  large  crvstals,  which  would 
enclose  mother-li(|uor  in  their  cavities.  The  mother-liquor  is  then  filtered  o^  the 
crystals  washed  with  a  small  quantity  of  solution  of  pure  carbonate  of  potassium,  then 
dried  and  heated  to  incipient  redness  in  vessels  of  cast-iron,  silver,  or  platinum.  The 
product  thus  obtained,  called  pearlash,  contains  only  2  or  8  per  cent  of  foreign 
matter,  which,  however,  is  difficult  to  remove. 

Pure  carbonate  ofpotauium  may  be  obtained  by  igniting  acid  tartrate  of  potassium 
(cream  of  tartar)  in  a  crucible.  A  black  residue  is  thereby  obtained,  oonoisting  of 
carbonate  of  potassium  and  charcoal,  which  is  often  used  as  a  reducing  agent  untier 
the  name  of  btapk  Hux.    The  carbonate  of  potassium  is  separated  from  fne  charcoal  hv 
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lar,  flltTktum,  Knd  (npentton.  If  the  KiltltioD  hat  a  blown  eolonr  from 
I  mrguiie  matter,  tht  salt  most  b«  (gain  ignited, 

of  potuHuam  ia  wmetiinca  prepared  by  throwing  into  ■  red-hot  iron 
ill  poitiona  at  a  tinie,  a  mixtme  of  1  pt.  ercam  of  tAitnr  and  2  pta.  nitre. 
r  the  cream  of  taitar  ia  then  all  bunit  awaj  by  the  oirgen  of  the  nitre, 

white  maas  ctUeAmUiefiax,  coniiiting  almoat  wholly  of  carbonal» 

-'-  ' — .-^ n ij.^  —  ..  -.  !.        ,hich  may 

le  cyuiide 

inata  tf  potaadom  ia,  bowenr,  more  eamly  obtained  from  the  add  car- 
lata  (binoiaLite).  The  acid  carbonate,  EECO*,  ia  foond  in  commerce  in 
Teij  nearly  pure.  It  may  be  ftirther  purified  by  recmtalliaatuui,  and, 
in  a  platinum  oT  silTer  crucible,  yielda  the  pure  neatral  carbooate.  The 
if  potaaoium  may  be  prepared  by  mixing  bydrate  of  jtotaaaiom  with  excess 
,  and  purified  by  H^eral  oyHtallisationa.  When  ignited,  it  learea  pun 
potaeeinm  nnmixed  with  cbarcoaL    (Regnanlt.) 

ties  which  may  occnr  in  commerciu  carbonate  of  potoanom  are  the  fbl- 
Mate  o/pettutium:  detected  bj  the  turbidity  prodocadon  adding  chloride 
the  solution  acidulafed  with  hydrochloric  add  and  diluted.  ^Chloridt  of 
load  produced  by  nitrate  of  hItci  in  the  aolation  aeidalated  by  nitric 
ialt  of  potaiiium  :  crystaUine  precipitate  by  lolphate  of  magnesium  in 
ed  first  with  hydrochloric  add,  tJien  with  ezcen  of  ammonia.  NitraU  or 
iutum  '  rcddiah  brocvn  eolonr  by  ferrous  siUpbate  in  solution  of  the  salt 
ulphnric  acid.  Cyanide  of  polOMtitna :  Prussian  blue,  formed  by  ferioso- 
e  and  excess  of  hydrochloric  add.  Soda :  dyataUine  predpitata  with 
[lonateof  potassium  (p.  327),  Carbonale  of  calcium;  retained  in  solntion, 
h  the  medium  of  the  carbonata  of  potaaainm :  clondwith  oxalic  add  after 
1  with  acetic  acid.  Silica :  remaioa  nadtasolTed  on  addulating  with 
■cid,  evaporatiDg  to  complete  diyneas,  and  digesting  the  residue  in  dilate 
add.  Oxide  of  copper  :  red-brown  predpitate  with  femx^'amde  of  potaa- 
dated  solution. 

of  potanom  ia  vtrj  aohiblB  in  watar,  1  pt  of  the  anhydrous  salt  dia- 
rding  to  Osann,  in  I'OS  pt  of  water  at  8"  C.  (37-*"  F.),  in  09  pt  at  ISIOC. 
in  0-49  pt  at  70°  C.  (1S8°F.)  The  most  concentrated  eolation,  contain- 
ment of  the  anhydrons  aalt,  has  a  apedfli:  fftnitj  of  V5i  at  lfi°  C  and 
C  (33fi-lF.)<Dalton).  It  has  a  strong  alkaline  taste  and  reaction,  but 
itly  conosiTe.  A  highly  ooncentiBtad  hot  solution  deposits  on  cooling 
ihedrons  containing  20  per  cent  of  water,  corresponding  to  the  formula 

rystals  and  the  anhydrous  aslt 

The  anhydrons  salt  melts  at  a  : 

led  by  any  tempenture  in  close  Teasels ;  but  at  a  red  heat,  not  anffldent 

is  puti;  dflcomposed  and  converted  into  hydrate  bj  a  stream  of  aqoeons 

ist  air ;  it  is  not  decomposed  by  di^  air  or  dry  hydrogen  gas.    Charcoal,  at 

heat,  decomposes  it  with  separation  of  potassium  and  ibrmation  of  car- 

and  other  products  (see  PoTABsajn).    The  aqueous  solation. 


sustic  potassa  produced.    With  more  concentrated  solutions,  the  n 
place,  caustic  potassa  abstracting  carbonic  add  from  carbonate  of  caldnm. 
of  potaasinm  is  much  used  in  chemical  mann&ctures,  especially  fc    '^ 


from  the  nitrates  of  sodium,  magnesium,  and  caldntn. 
lassie  Carbonate,  or  Di-acid  Carbonate  afPolattium.  KHCO*  - 
0',  SicarbonaU  of  Potatta.  BerthdUfi  nttUral  Carbonate  of  Potaiea. — 
>btaiDed  by  passing  carbonic  acid  gas  to  saturation  into  a  solution  of  1  pt 
ardal  neuDal  carbonate  in  4  or  S  pt«,  of  water.  Crystals  of  the  add  car- 
form,  and  maybe  purified  by  washing  with  a  small  qnantityof  cold  water, 
it  precipitate  Hhoold  form  at  first,  conaiating  of  alumina  or  silica,  it  must 
by  filtration.  The  carbonic  add  evolred  in  alcoholic  fermentation,  or  that 
mo  localities  eacapea  &om  the  soil,  may  be  utilised  for  this  puipoee.  A 
ay  of  preparing  the  add  carbonate  is  to  expose  the  mixtore  of  neutral  cs^ 
liutoal,  obtained  by  calcining  ci«sm  of  tartar  and  slightly  moistened  with 
I  action  of  carbonic  add  gas  i  the  presence  of  Uie  charcoal  greatly  fodli- 
orption  of  the  carbonic  add.    The  add  carbonate  is  diaaoived  oat  from 
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i^.  125. 


the  chATOOftl  by  boiliag  water  uid  left  to  czystallue  (Wohler,  Ana.  Ch.  FluniL  xxir^ 
49).  It  iniiflt  not  be  boiled  in  iron  yeeieli,  ba  it  wooLd  dissolTa  a  email  quantity  of  the 
iron. 

Acid  carbonate  of  potaisimn  eiystallifles  in  laige  rfaomboidal  piiama  belonging  to 
the  monodinie  eystem.  Batio  of  orthodiagonal  to  clinodiagonal  to  principal  axia  «• 
0*3784 :  1 :  0*491.  Inclination  of  dinodugonal  to  principal  azia  «  70^  86'.  The 
cryitalaoftenezhibitthefaceBooP.OP.ooPoo.  -Pod  .  +  2Poo  (/^.  126X  the  fiice 

— P  OS  freqnently  predominating  so  fiur  aa  to  obUtenite 
the  adjacent  finoes.  ooP  :  ooP  —  188^.  GLeaTage 
puallel  to  ooPoo,  >Pod,  and  OP.  The  cryatala  con- 
tain no  water  of  czTBtalliBation.  When  heated  to 
100^  0.|  they  ffive  off  water  and  carbo^e  aiUiydiide. 
and  axe  rednoed  to  nentnl  carbonate :  2KH0O'  — HX> 
-00«  -  K«CO». 

Acid  carbonate  of  potaaainm  ia  much  leea  aohible  in 
water  than  the  nenteal  carbonatCw  100  ptL  of  water 
diaiolTe  of  it,  aoooirding  to  Poggiale: 

.    87-92  pta. 
.    41*35  „ 
.    46-24  „ 


At  OOO.  . 

• 

«  19-61  pta. 

At  60»G.. 

»  10   . 

• 

.  28-38  „ 

60 

..  20    . 

. 

.  26-91  „ 

70 

The  aqueous  aolntion  when  boiled  giyea  off  carbonic  add,  and  is  gradnally  changed 
into  neutral  carbonate.  The  decomposition  is  sufficiently  dow  to  admit  of  the  puri- 
fication of  the  add  carbonate  fkvnn  a  boiling  solution  without  much  loss. 

It  disBolyea  but  sparingly  in  boiling  alediol,  only  indeed  to  the  amount  of  1  pt  in 
1200. 

The  aqueous  solution  of  add  carbonate  of  potaadum,  mixed  with  the  salts  of  other 
metals,  generally  forms  double  carbonates  ^pp.  782 — 788).  It  does  not  predpitate  mag- 
nedum-salts  in  the  cold,  a  character  by  which  it  is  readily  distinguished  fhim  the  neutral 
carbonate. 

Add  carbonate  of  potasdum  is  much  used  in  chemical  operations  where  a  pure 
potassium-salt  is  recjuired,  as  it  ia  Teiy  easUy  obtained  in  a  pure  and  definite  state.  It 
u  also  used  in  medicine,  in  cases  of  gout  and  uiic  add  ^yeL 

Sesauiearbonate  of  Botastium  f— A  salt  intermediate  in  compodtion  between  the  two 
prece£iig,  was  said  by  BerthoUet  to  be  obtained  in  czystals,  by  mixing  100  pts.  of  the 
neutral  with  131  pts.  of  the  add  carbonate  (1  at  K*CO*  with  2  at  KHCO*),  or  by 
heating  a  solution  of  the  di-add  carbonate  as  long  as  carbonic  add  goes  off;  but  ae^ 
cording  to  H.  Rose  (Pogg.  Ann.  xxxiy.  149),  the  latter  process  yidds  ahnost  pniw 
neutraT  carbonate  of  potassium.  The  salt  prepared  by  the  first  process  should  contain 
K*BH^O*,  or  2K'0.3CO*  •»-  H*0 ;  but  its  existence  does  not  appear  to  haye  been  satis- 
fikctdrily  proyed. 

Cabboitatb  of  SiLysB,  AjiKX)*,  is  produced  by  predpitating  nitrate  of  silyer 
witii  an  alkaline  carbonate.  It  is  white  at  first,  but  Mcomes  yellow  when  the  soluble 
■alts  are  washed  out  uad  blackens  when  exposed  to  light  or  gently  heated.  It  diasolTes 
readily  in  strong  ammonia,  and  the  solution  treated  with  alMolute  aloohd  yidds  a  pre- 
dpitate oontainin^ammonia  and  carbonate  of  silyer.  (Berselius.^ 

At  200^  G.  it  jgiyes  off  carbonic  anhydride,  and  leayes  pure  oxide  of  silyer,  whidi 
begins  to  giye  off  oxygen  at  250^.  By  predpitating  nitrate  of  silyer  with  a  large  excess 
of  alkaline  carbonate  and  boiling;  a  basic  carbonate  is  obtained,  haying;  when  dried  at 
100^,theoompodtion8AgK).GO>,or AgHX)*.2AgK>,perhapsonlyamixtuze.  (H.  Bose, 
Ann.  Gh.  Pharm.  kxxiy.  202.) 

Gaebonatxs  of  Sodxuk. — ^Thxee  of  these  salts  are  known,  eonesponding  in 
eompodtion  to  the  potasdum  salts. 

DiBodie  Carbonate,  or  Neutral  Carbonate  of  Sodium,  KaKX)'.  Subear- 
bonateof  Soda,  Soda,  Mild  mineral  alkali,  MkaH  minerale  fixutn, — ^This  salt  exists  in 
the  soda-lakes  of  Egypt  and  Hungaiy,  and  in  the  yolcanic  springs  of  Iceland,  &e, ;  it 
also  frequently  occurs,  mixed  with  su^hate  of  sodium,  in  the  fcxcm  of  an  efflorescenoe 
on  walls,  being  formed  from  sodium-salts  contained  in  the  mortar.  It  is  laigdy  used 
in  the  arts,  and  was  formerly  obtained  from  barilla,  the  ash  of  Sahola  soda  ana  other 
plants  growing  on  the  sea-shore,  and  from  the  ash  of  sea-weed  called  kdp  :  but  at  the 
present  day,  neariy  aU  the  soda  of  commerce  is  obtained  from  common  salt,  by  a  process 
inyented  by  Leblanc,  towards  the  end  of  the  last  century,  and  perfected  by  D  Anfi«t 
and  D*  Areye.    This  process  consists  of  three  stages : 

1.  The  conyerdon  of  chloride  of  sodium  into  sulphate  by  heating  it  with  sulpfaoric 
add. 

2.  The  conyenipn  of  the  sulnhate  into  carbonate  by  heating  it  In  a  reyerteBtory 
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Ik  or  limwtooe  and  coaL  The  materialt  an  mixed  in  tlis  proportioa 
f  diT  nlpluta  of  lodiDni,  8)  pU.  ehilk,  and  3  pta:  ooaL  Ths  inlpliato 
leea  to  Bilpliid«,  with  aToluUou  of  orboaio  oxide;  Kad  Um  Eolphida 
r«r<ad  br  tbe  carbonate  of  caldum  into  carbonate  of  aodiam  and  mi- 
vhieh.  In  taking  op  lime,  ia  for  the  moot  part  eonTertod  into  an  in- 
de  of  caleiam : 

,•30*  +  SCa'teO'  +  C  =  aNa'CO'  +  tb'BK)  +  lOCO. 
unie  amd  it,  hawerar,  driren  off  from  the  lima  by  tha  heat,  bcAne  it 
Iphid*  of  aodinm,  and  eonacqnuiUT,  the  fiued  man  eontaiiMi  beaidaa 
!um,  a  Tahable  bnt  alwtji  luge  amount  of  csoitic  soda. 
a  obtained  br  this  proceaa^  baa  the  appearance  of  duk-graj,  half- 
Lflnce  called  "black  b  alia," — being  brought  into  tht*  f orm  bj  itiiring 
i-ftued  atato.  It  rariea  eonrndsrabl;  in  compoeition,  as  the  followii^ 
■ample  from  Caiael  analjaed  by  Unger,  another  from  Hev- 


OoK^onhm  of  Btaet  BaUt,  or  Ondt  Soda. 


Oaofaodinm     .       . 

8S8T 

S'80 

*oda          .        .        . 

1113 

3«-ei 

eof«>dinm         .         . 

1B9 

3(1* 

e  of  aodinm         .        . 

S-H 

0-M 

teofcaldnm     .        . 

I3-» 

w-er 

hide  of  cakiiun  . 

M-T8 

MST 

eofiron     . 

3-lS 

1-23 

474 

0-88 

J       .        .        .        . 

\-6i 

4-3B 

2-03 

0-44 

310 

31T 

SS-7B  100-00 

. — The  cmde  or  ball  aoda,  after  b«in(f  enuhad  under  millatonea  and 
1  and  diaintegrated  b;  hot  r^ionr,  ia  lixiviated  with  warm  water,  which 
■ibooate  of  aodinm  and  tlia  other  aolnble  aalta,  leaTing  the  Ol^nlphide 
■olved.  To  eSect  the  exbaetion  with  the  tmalleat  poedble  quanti^ 
it  aoda  ia  pkc«d  inparforated  theet-iroa  boxia,  ao^Mnded  jnit  beW 
—  liquid,  and  ia  anlijected  to  a  eontiniunu  proeeaa  of  exhaoation  in  a 


ing  tanks,  arranged  eomewhat  like  the  pani  fbr  the  eTapo 
7).  Each  box  containing  the  crude  aoda  ia  first  enepended 
ihich  oontaina  a  neariy  eBttuated  Ije,  then  tranafeirtd  to  the  not. 


n  to  diytlM*,  and  jidda  a  ultconmstrng  chiefly 
iDstic  aoda  and  aulpbide.    This  ia  called  toda- 


weaker  lye,  and  w  on  till  it  axnita  at  the  highest,  into  which 
nitted  from  a  datam.  When  the  lye  in  the  lowest  tank  ii  utarsted, 
to  the  eruKmting  pan,  ita  place  being  enpplied  by  tbat  in  the  next, 
I  ia  raplacM  W  the  toiid,  be.  In  thia  manner,  each  portion  of  Uqoid 
latorated,  and  the  ball  aod*  comjdetely  exhauatad  of  aolnble  luJta. 
I  aolntion  ia  boiled  down  tc  ' 
aodinm  mixed  with  « 

Ilia  product  further,  it  ii  mixed  with  one-fonrth  of  ita  bulk  of  aawdnat, 
a  low  red  heat  in  a  reTerbentui;  Aimace,  for  abont  four  hours:  the 
odnced  by  the  eonbuation  of  the  aawdnat,  then  couTerta  the  canstie 
ate  1  alao  the  enlpliide,  with  evolution  of  lulphnretted  hydrogen.  Thia 
about  SO  per  cent  of  alkali,  and  forma  aoda^aalt  of  the  beat  quality. 
Tyitaiiited  earbonati,  the  pnnfled  aoda-aalt  ia  diHolved  in  water,  aod 
cUrifled  ia  boiled  down  till  a  pellicle  forma  on  the  auiface.  The  eohi- 
I  into  shallow  enatallisiug  yessela,  and  after  standing  for  a  week,  the 
drawn  ofli  and  the  oystala  are  drained  and  broken  np  for  the  market 
I  obtained  contain  10  at.  of  water.  Ha  mothar-liqnor,  whid  contaiai 
is  enqtorated  to  diyneaa  for  aoda-aalt. 

itioB  of  carbonate  of  sodium  graeimlly  aflbrda  a  Safe  guarantee  of  ita 
tala  also  dissolve  in  water  much  more  quickly  than  the  anhydrous  salt, 
B  more  convenient  fbr  many  porpoeea.  Bnt  when  the  salt  ia  required 
LS  state,  aa  fbr  ghus-making,  or  aa  a  flnx  in  mstallntgjc  operationa.  or 
Dtitiea  are  wsn^ed.  aa  in  the  soap-mannfiieture,  the  soda-aalt  is  preferred, 
itity  of  water  in  the  eryitali  (needy  63  per  cent)  greatly  iaereaaaa  Iha 
t.    for  some  p-irpotea,  the  crude  aoda  aa  it  learei  the  ftunace  ii  inlS- 
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eientlTinm.    In  preparing  it  to  be  lold  for  such  porpoMii  milpliate  of  ^  a^ 
containing  10  to  12  per  cent,  of  common  salt ;  thia  remaina  nnchanged  in  the  soda^  aad 
eommnnicates  to  it  tbe  pzopezly  of  easily  fiiUing  to  pieces  in  damp  air,  thus  obviating 
the  necessity  of  grinding. 

For  farther  detaUs  respecting  the  soda-mannfactnre,  see  MUUr's  Chemuiryi  vol  iL ; 
Ur^8  Dictionary  of  Arts,  Mant^aciures,  and  Mmsa^  iii  720;  Chemiod  Ttek" 
nology,  by  Richardson  and  WatU;  FBjtn,  Precis  de  CUmie  indusirieUe,  4*«  M. 
L  296. 

Other  methods  of  obtaining  carbonate  of  aodinm  from  the  chloride  hare  been  nro- 
poaed,  bnt  none  of  them  appear  to  be  able  to  compete  with  that  abore  described. — 
1.  Solphate  of  iron  produced  by  the  oxidation  of  iron  pyrites,  is  a  cheap  artide,  aad 
has  been  proposed  as  a  substitute  for  sulphuric  acid  in  the  first  ata^  of  the  process : 
sulphate  of  sodium  and  chloride  of  iron  are  formed,  the  latter  Tolatilising;  or  the  tw« 
salts  are  dissolyed  together  in  water,  and  the  solution  is  exposed  to  a  low  temperature 
whereupon  sulphate  of  sodium  crystallises  out,  while  chloride  of  iron  remains  in  eola- 
tion ;  or  the  sulphate  of  sodium  may  be  made  to  crystallise  out  by  rmiaing  tbe  liquor 
to  the  boiling  point — 2.  Sulphate  of  sodium  may  be  formed  by  roasting  iron  pynt<>4 
in  a  rererbemtory  furnace  with  common  salt. — 3.  Sulphate  of  sodium  is  decomposed  by 
a  solution  of  caustic  baryta  or  strontia,  these  eartha  beins  procured  by  decomposing 
the  native  sulphates  with  steam  at  a  red  heat ;  the  sulphuric  acid  thereby  eet  free 
might  be  used  for  converting  the  chloride  of  sodium  into  sulphate  (Tilghmann), — 
4.  Chloride  of  sodium  is  decomposed  by  hot  steam  in  presence  of  alumina,  whereby 
aluminate  of  sodium  is  formed;  and  the  solution  of  this  salt  is  decomposed  by  a 
current  of  carbonic  acid  gas  (Tilghmann). — 6.  Ammonia  gas  is  passed  into  a  solution 
of  chloride  of  sodium ;  tiien  carbonic  acid,  whereby  chloride  of  ammonium  and  add 
carbonate  of  sodium  are  produced : 

NaCl  +  NH«  +  C0«  -I-  H«0  -  NaHCO*  +  KH*CL 

The  add  carbonate  of  sodium  being  the  less  soluble  salt  of  the  two,  ciystalUses  out; 
it  is  converted  into  neutral  carbonate  by  heat,  and  the  carbonic  acid  evolyed  is  used 
again.  The  mother-liquor  containing  the  sal-ammoniac  is  boiled,  to  drive  off  any  car- 
bonate of  ammonium  that  it  may  contain,  and  this  salt  ia  collected ;  the  solution  is  then 
boiled  with  lime,  to  liberate  the  rest  of  the  ammonia.  In  thiB  manner  the  operatioa 
mt^  be  conducted  with  but  little  loss.    (Schloessing  and  Boland.) 

The  impurities  found  in  commercial  carbonate  of  scdium  are,  aulphidt,  kyposvipkUt, 
itUpkatef  chloride  and  ftrroeyanide  of  sodium;  also  potassium^ialts,  earbonatt  q/ 
ealeium^  and  carbonate  of  maaneeiunu  It  may  be  purified  by  r^>ealed  er^staUisatioa, 
or  by  washing  the  commercial  ayatala  with  cold  water,  dissolving  them  in  hot  water, 
stirring  and  cooling  rapidly,  to  prevent  formation  ojf  large  ayatala,  then  draining 
off  the  mother-Uquor,  and  washing  the  crystalline  powder  with  cold  water.  (Gay- 
Lussac) 

Neutnd  carbonate  of  sodium  in  the  snhydrous  state,  is  a  white  powder  composed  of 
translucent  particles.  It  has  a  specific  gravity  of  2*4669  (Karat in).  It  melts  at  a 
moderate  red  heat,  more  easily  than  carbonate  of  potassium.  It  is  quite  undccoia- 
posible  by  heat  in  dose  vessels,  but  is  easily  decomposed  when  heated  to  redness  in  a 
current  of  steam  or  moist  air,  less  easily  in  a  current  of  dry  air  or  hydro^  (H.  Bote). 
It  is  decomposed  by  charcoal  at  a  bright  red  heat»  yielding  carbonic  oxide  and  sodium. 
In  contact  with  water,  it  becomea  heated,  and  forms  a  nydrate  which  dissoimL    It 

has  an  alkaline  taste  and  reaction,  but  is  even  leas  caustic  than 
carbonate  of  potassium. 

Hydrates, — ^There  are  several  hydrates  of  neutral  carbonate  of 
■odium.  —  a.  The  ordinary  crystals  which  aepormte  from  a  mode- 
rately strong  solution  at  ordinary  tenroeratnres,  contain  10  at 
(62-69  per  cent)  water,  NaKX>*  +  lOHH).  They  belong  to  the 
manodinic  system.  Qrthodiagonal:  cUnodiagonal:  principal  axis 
bO-7049  : 1 :  10452.  Inclination  of  clinodi^onal  «67'40<'.  Oi^ 
dinaiy combination +P.  odP.  [osPod]  (/^.  126);  ooP:  a>Ps 
100<'20'.  Cleavage  tolerably  distinct  parallel  to  as  P  a»,  leas  di^ 
tinct  parallel  to  [  od  P  oo].  Specific  gravity  » 1*423  (Haidioger). 
They  effloresce  in  moderately  dry  air,  crumbling  to  a  white  powder, 
and  giving  off  5  at.  water  at  12*5<'C.  and  9  at.  at  S8<>  (Sehindlf  r/: 
9  at  also  in  vacuo  over  oil  of  vitriol  (B Iii  c  h er).  The  10-hTdnLt<*>l 
salt  occurs  as  a  natural  product  called  natron^  together  with  the 
mono-hydrate,  at  the  soda-lakes  of  Egypt  and  Hungarv,  at  Vam* 
viua,  Etna»  and  in  various  parts  of  Ama,  Africa,  and  Ameriai. 
(Dana,  ii.  455.) 
a.  Na'CO'  +  15aq.  is  obtained  in  crystala,  when  a  solution  of  thf 
seatral  salt  is  exposed  to  a  temperature  of  —  20^  C,  and' the  froxen  wat«r  is  aftervsrd^ 


^.126. 
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iDowsd  to  Ikjiwfy ;  and  NaHX)*-!-  9aq.  hj  repeatedly  crystallising  a  solation  which  at 
flz«t  contains  a  portion  of  acid  carbonate.    (Jacquelain,  Compt  rend.  xxx.  106.) 

6.  NaKX)* + 8  aq.  oystallises  in  right  rhombic  prisms  with  four-sided  summits,  when 
the  lO-hydrated  salt  is  melted  and  left  to  cool,  or  from  a  hot-saturated  aqueous  solu- 
tion, apparently  at  a  temperature  lower  than  the  arstallising  point  of  the  mono- 
nydrated,  and  higher  than  that  of  the  deca-hydrated  salt.  (Thomson,  Annals  of 
AUosopkv,  26,  44.) 

e.  NaHjO*  +  7aq. — ^This  hydrate  crystallises  in  two  forms,  (a)  rhombohodral ;  (b)  in 
trimetrio  crystals  of  the  same  form  as  Thomson's  salt  (whidi,  according  to  Loewel, 
eontains,  not  8  at.  bat  7  at^  water).  When  a  solution  saturated  at  the  boiling  heat  is 
eodoaed  in  a  flask,  which  is  corked  immediately  after  the  boiling  has  ceased,  no  ays- 
tab  are  deposited  from  it  for  a  long  time  on  cooling  down  to  between  26^  and  18^  C. ; 
but  on  ooounff  below  8^  it  deposits  chiefly  the  trimetric  7-hydrated  salt.  Between  16° 
•ad  10°,  it  yields  the  riiombohednd  salt  (a),  which  redissolves  between  21°  and  22°, 
Ibima  again  at  19°,  and  on  cooling  from  IC^  to  4°  becomes  opaque,  and  passes  into  b. 
After  cooling  to  a  lower  tem^rature  and  for  a  longer  time,  when  the  state  of  super- 
saturation  ceases,  the  whole  is  converted  into  a  mass  of  oystals  of  the  deca-hydrated 
■alt    (H.  Loewel,  Ann.  Ch.  Phys.  [3]  xxxiil  334.) 

tL  1«  a*CO*  +  6aq.  cnrstalliscs  from  a  solution  of  protosulphide  of  sodium  exposed  to 
the  air,  and  frequentfy  also  from  a  mixed  solution  of  carbonate  of  potassium  and 
ehloride  of  sodiuuL    (Mitscherlich,  Pogg.  Ann.  yiii.  441.) 

c  Na^CO'-f  6aq.  is  formed  when  the  10-hydrated  salt  effloresces  at  12-5°  C. 
(8 eh  indlerX  also  when  the  same  salt  is  melted  in  its  water  of  crystallisation,  and  after 
the  mono-hydrated  salt  has  cxystallised  out  between  70°  and  80°  C,  the  remaining 
liquid  is  kept  for  some  time  at  34° ;  it  is  also  formed  from  the  mono-hydrated  salt  by 
enoeure  to  the  air  (Berselius).  It  was  once  accidentally  obtained  at  the  Buxwciler 
■oda  works,  in  transparent  rhombic  octahedrons,  which  effloresced  slightly  in  the  air, 
and  when  dissolved  in  water  and  evaporated  at  30°  C.  yielded  the  same  salt  (P  er s  oz, 
Bogg.  Ann.  xxiii.  303.) 

/TNaHX)'  +  aq.  is  formed  from  the  deca-hydrate  by  efflorescence,  and  is  found  native 
■s  tkermimatrUe^  in  the  same  localities  as  natron,  and  is  indeed  the  more  common  salt 
of  the  two.    It  forms  rectangular  tables  of  the  trimetric  system  with  bevelled  edges. 

Thib  same  hydrate  separates  from  a  solution  of  the  neutral  carbonate  concentrated 
hj  eraporation  at  the  boiling  heat,  a  circumstance  which  is  made  available  in  the  soda 
namifiustare  for  the  purification  of  the  salt,  the  crystalline  powder  which  separates 
from  the  boiling  solution  being  taken  out  and  drained ;  if  left  to  cool  in  the  solution,  it 
'would  rediasdlTe.  It  does  not  undergo  the  aqueous  fusion  when  heated,  but  dves  off 
ita  water  and  becomes  opaque  at  87°  0.  It  absorbs  water  from  moist  air,  and  is  con- 
-vnted  into  the  pentahy^te.  In  a  warm  atmosphere,  it  absorbs  carbonic  acid  and 
tens  seequicarbonate. 

Solution  of  Carbonate  of  Sodiunu — ^According  to  Poggiale,  100  pts.  of  water  dissolve 
of  the  anhydrous  salt,  708  pts.  at  0°  C,  16*66  at  10%  26*93  at  20°,  30*83  at  25°  ,35*90 
at  30°,  and  48*5  at  104*6°,  which  is  the  boiling  ^int  of  the  saturated  solution.  Ac- 
fiMfwiiTig  to  Anthon,  the  10-hvdrated  salt  dissolves  in  2  pts.  of  cold,  and  much  less  tlian 
1  pt.  of  hot  water.  According  to  Loewel  (Ice.  cit.)  100  pts.  of  a  saturated  solution  eon- 
uSn  of  the  10-hydrated  salt,  7  pts.  at  0°  C,  121  pts.  at  10°  16*2  pts.  at  15°,  21*7  pts. 
at  20°,  28-5  pts.  at  25°,  37*2  pts.  at  30°,  51*7  pts.  at  38°,  and  45*5  pts.  at  104°.  Hence 
it  appears  that  there  is  a  maximum  solubility  at  38°  C. 

Solutions  of  carbonate  of  sodium  are  capable  of  assuming  the  state  of  supersatura- 
tioii,  like  those  of  the  sulphate.  A  solution  saturated  at  £he  boiling  heat  and  imme- 
diately enclosed  in  a  sealed  tube  or  a  well  corked  flask,  remains  supersaturated  at 
eommon  temperatures,  and  frequently  even  when  cooled  several  degrees  below  0°  C. 
Keeping  the  air  in  contact  with  the  hcj^uid  from  agitation,  as  bj  covering  the  hot  solu- 
tion with  a  glass  shade,  is  often  sufficient  to  prevent  ci^stallisation  at  ordinary  tem- 
peratures ;  but  access  of  air  then  causes  immediate  solidification,  attended  with  rise  of 
temperature.  The  supersaturated  solutions,  as  already  observed,  deposit  the  7-hy- 
dimted  salt  in  two  different  modifications,  according  to  temperature  {vid.  sup.) 

Monosodie  Carbonate,  Di-^xet'd  Carbonate  of  Sodium,  Bicarbonate  of  !Soda, 
KaHCO*  or  Na-O J1H).2C0^ — This  salt  exists  in  solution  in  alkaline  mineral  wat^^rs. 
It  is  prepared :  1.  By  passing  carbonic  add  gas  into  a  solution  of  the  neutral  carbo- 
aate  as  long  as  it  is  absorbed. — 2.  By  exposing  the  effloresced  neutral  carbonate 
placed  on  trays  in  a  wooden  case  to  an  atmosphere  of  carbonic  acid. — 3.  By  adding 
commercial  carbonate  of  ammonia  (which  is  chiefly  bicarbonate)  to  an  equal  weight  of 
chloride  of  sodium,  dissolved  in  three  times  its  weight  of  water,  stirring  the  whole 
well  together,  and  lea^dng  it  to  stand  for  several  hours.  Honosodic  carbonate  then 
aeperates  in  ciystalline  graina,  while  chloride  of  ammonium  remains  in  solution  (p.  794^ ; 

NaCl  +  KH*Ji.CO»  =  NaHCO'  +  NH«a 


I. 


■  c  I" 

'•  .'I,' '  ■ 

'i   Ji'!     I    •" 

I  >  ■      \\h  '  •  I 

.■'.!■■  I  .   1.1= 

•I  1  I   I    • 


k  ll  .    I 

■'  ■  . 
.  •  ■  I 

I  ■  ■ 


I 


■     •  I    t  •  I       I 


>    I  li 


1 

.  i- 

',.   . 

■\i. 

'  V 

1 

t.: 

life. 

U^ 

•  I 

••■I  ' 

I  J* 


1  I 


I 


■  I 

■ 
•  - 


t .. 


»* 


1| 

I 

I 


—  J 


7\}6 


CARBONATES. 


The  precipitate  is  leparftted  from  the  li(|iiid  hy  preanuc  in  «  serew  pnm,  Vat  il 
always  retains  a  portion  of  chloride  of  sodiom. 

Monoflodic  carbonate  crystallises  in  oblique  fonr-sided  tables,  and  is  sometzmea  ob- 
tained by  the  first  method  in  crystals  of  considerable  sixe ;  the  second  and  thiid 
methods  yield  it  in  the  form  of  a  crystalline  powder.  It  has  a  siitfht  alkaline  taste  and 
reaction,  and  is  permanent  in  dry  air  at  ordinary  temperatures.  At  a  red  heat*  it  giTss 
off  water  and  carbonic  acid,  and  is  reduced  to  anhydrous  neutral  carbonate. 

100  pts.  of  water  dissolTc  of  monosodic  carbonate,  8'95  pts.  at  0°  C,  10*04  pti. 
at  lOO,  1116  pts.  at  20<',  12*24  pts.  at  30<>,  14*46  pta.  at  40O,  and  16*69  pts.  at  10^ 
(Poggiale).  The  solution  giyes  off  carbonic  add  slowly  at  ordinaty  temperBtaR% 
more  quickly  at  70^  C,  rapidfy  at  the  boiling  heat,  and  is  ultimat^'ly  reduced  to  nen- 
tral  carbonate.  It  does  not  precipitate  magnesium-sslts  in  the  cold,  but  at  the  boiling 
heat  carbonic  acid  esci^Ms  and  a  precipitate  of  carbonate  of  magnesium  is  formed ;  this 
character  distinguishes  it  from  the  neutral  carbonate.  Add  carbonate  of  sodium  is  used 
for  the  preparation  of  effervescing  powders,  and  asaremedy  in  certain  calculous  diBordeni 

Tetraaodie  Carbonate  or  Sesquicarbonate  of  Sodivm.  Na*HH?0*  <•• 
2aq.  »  2NaK).HX).3CO*4-2aq.  —  This  salt,  which  may  be  regarded  as  a  compoond 
of  the  mono-  and  di-eodic  cartwnates  (2KaHC0'  +  NaKIO'),  is  found  in  AfricH,  in  the 
province  of  Sakenna,  two  da^  journey  fi:t>m  Fezzan,  where  it  is  called  trona;  it 
occurs  at  the  foot  of  a  mountain,  forming  a  crusty  varying  in  thickness  from  an  inch  to 
that  of  the  back  of  a  knife ;  also  as  urao  at  the  bottom  St  a  lake  in  Maracaibo,  South 
America ;  efflorescences  of  it  occur  also  near  the  Sweetwater  River,  Bocky  Mountaina, 
mixed  with  sulphate  and  chloride  of  sodium  (Dana,  ii  464).  It  is  produced  artifi- 
dallv :  I.  By  mixing  the  mono-  and  di-sodic  carbonates  in  the  proportions  shove  indi- 
cated, melting  them  toother,  diying,  and  exposing  the  driea  mass  to  the  air  of  a 
cellar  for  some  weeks;  it  then  absorbs  water,  becomes  aystalline,  and  contains  spaces 
filled  with  shining  crystals  of  tetrasodic  carbonate.  From  a  hot  solution  of  mono-  and 
di-sodic  carbonates,  the  two  salts  crystallise  out  separately  on  cooling  (Hermann, 
J.  pr.  ChenL  xxvi  812). — 2.  A  solution  of  the  monosodie  salt^  concentrated  by  boiling, 
but  not  boiled  long  enough  to  reduce  it  to  the  disodie  salt»  deposits  the  tetrayiR>die  saU 
on  cooling. — ^3.  If  4  oc  ot  alcohol  be  poured  on  tiie  top  of  a  solution  oontunisg  100 
grains  of  the  disodie  and  162  srains  of  the  crystallised  monosodic  cszbonate  in  4  os.  of 
water,  fine  dear  needle-shaped  crystals  of  the  tetrasodic  salt  fbrm,  after  some  days^  at 
the  surfiEUse  of  separation  of  the  two  liquids,  while  at  the  bottom  of  the  solution,  Isiga 
crystals  of  the  cusodic  carbonate  are  found  covered  by  a  cmst  of  the  monosodic  salt 
(Winckler,  GiMUn's  Eandbook,  iiL  83.) 

The  crystals  of  the  native  salt  belong  to  the  monodinic  system.  Orthodisgonal: 
dinodiagonal :  prindpalaxis  *  0*3662  :  1 :  1*282*  Indinationofdinodiagonaltoprio- 
dpal  axis  »  63^  60^.  Observed  combination  oo  P .  oP  .  -i-  P  00,  prismaticaUy  elongated 
in  the  direction  of  the  orthodiagonaL  »  P  :  ob  P  *  132®  80'.  Cleavage  resy  pa£wt, 
paralld  to  +  P  od.  They  are  colourless,  transparent,  or  translucent,  with  vitreont 
lustre.  Specific  gn^ty  2*112.  Hardness  2*6  to  8.  Structure  foUated,  radiating; 
firacture  conchoidaL  The  artificial  crystals  are  small,  and  of  the  same  form  as  ths 
native  crystals.  The  salt  has  an  alkaline  taste  and  reaction,  and  is  not  efBomoent 
At  a  red  heat,  or  when  its  aqueous  solution  is  boiled  for  many  hours,  it  is  reduced  to  the 
neutral  carbonate.  It  is  intermediate  in  solubility  between  the  two  preeeding  silta 
According  to  Poggiale,  100  pts.  of  water  dissolve  of  it,  12*63  pts.  at  <P  C,  18*30  pti.  at 
20O;  38*96  ptB.at  40<';  29*68 pts.  at60O;  36*80pts.at80<';  and 41*69  pta. at lOO®.  The 
solution  is  not  rendered  turbid  by  1  pt  of  sulpnate  of  magnenum  dissolved  in  10  pta. 
of  water.  Evaporated  in  vacuo  over  oil  of  vitriol,  it  yidds  a  mass  of  aystals  composed 
of  the  mono-  and  di-sodic  carbonates  together.    (H.  Bose,  Pogg.  Ann.  zzxii  160.) 

Carbonate  of  Sodium  and  Potassium.  KNaCX)*  -f  Oaq. — Separatee  from 
a  solution  containing  equivalent  quantities  of  the  component  salts^  in  monodinic  oyBtals 
exhibiting  the  fruses  o»P  .  oof  od  .  roBPao]  .  aoP2  .  [gdP2].0P.  +  P  .  'h  P2  .  •^ 
P  oD  .  4-  2P  00  [P  00]  .  +  2P  OD.  Incunation  of  faces ;  ooP  :  ooP  in  the  dinodiagonal 
principal  section  -  IO8O  34';  OP:  oo  Poo  -  131<'  48';  OP:  ooP  -  122^  46';  OP: 
+  Pod  i-  124<>  48^;  OP :  +  2Poo  «  840  19' (Marignae,  Gompt-  rand.  zlv.  660). 
Nearly  the  same  angnlar  values  were  observed  by  Sinarmont.  The  aystali  are  pe^ 
manent  in  the  air.  A  salt  containing  K'NaKK)'  +  18aq.  ii  mentioned  by  Hargne- 
ritte  (Ann.  Ch.  Phaim.  Ivi  220)  as  crystallising  fh>m  the  mother-liquor  of  fmo- 
cyanide  of  potassium,  and  frx>m  a  concentrated  solution  of  the  simple  salts;  but 
Harignac  was  not  «Ue  to  obtain  this  compound,  and  is  of  opinion  that  the  fbnnnla  ii 
deduced  from  an  incorrect  analysis. 

^  A  mixture  of  the  neutral  carbonates  of  sodium  and  potasdnm  in  equivalent  propcn«' 
tions,  fuses  at  a  much  lower  temperature  than  either  of  the  nits  separatdy,  doabt- 
less  in  consequence  of  the  formation  of  the  double  salt.  Such  a  miztnre  im  very  osefol 
in  the  fusion  of  silicates,  &c. 
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/5oJisiiafiiCaIet«n,Ca'N>*CK)<-f  10^.— Ocean  aIninduUj, 
t  I^gimiUa  MU  ICerid*,  ia  Hmcubo,  coTsring  urao;  found  abo  M 

Tbnringia.  The  crvalali  are  monocliiiie.  InclinatioD  of  aim 
:  nP  -  6S°  (O".  Clunge  perfaet  puillel  to  ooP  :  i™  perfect 
They  are  jeUowuh-white,  tnuilucenl,  40111119  refawtion,  eilrpmely 
hinilil  fracture,  and  exhibit  ■  Titreons  Imnie  od  the  brokea  lurtice. 
-  1-S2— 1-99.  HardneM  —  2—3.  The  minetal  decrepitatea  when 
nee  opaqiu  from  lox  of  irater.  In  the  hjdnlcd  state  it  dinolTai 
r,  witbont  dscompoaition  1  but  the  uhjilroiu  salt  i>  naolred  by  irater 
■odium  and  earbanata  of  ealcioin.  Ciyitala  of  Oaj-LawitB,  altered 
letimea  ealled  natroedtitt.    (D  ana,  ii  4A3). 

•  prepared  by  ftiniig  tbe  aohydroiu  caitxuutM  of  •odium  and  flfiwn 
e  pnnraitioDa. 

Ita  of  carbonate  of  lodiiiiD  witli  otber  nutala,  magDedam,  cobalt, 
bribed  irith  the  earbonatai  of  thoee  metals 

o>  Stbohtivm.  St^30*,  —  Ocenw  native  aa  StrntUamti,  at 
'leahin,  where  it  waa  flnt  obacrred;  alao  in  Toikihiie,  at  the  Gianfa 
utbal  ID  the  Han,  at  BrSuiudoif  in  Saxony,*  Leogang  in  Soltibui^ 
its.  It  form*  djatali  of  the  trimetric  lyiteai,  iiomocphcnu  wi£ 
ritherite.  Batio  of  brachydiagonal  tn  tDaerodiagooal  b>  principal 
L' 07237.  The  eiyatali  are  onen  prinnatic  from  predominance  of 
>  F  00  and  P  (s,  CleaTaga  tolerably  perfect  paraUsl  to  <dF,  leai  vet- 
f  9.  Specific  gravity  3-606—3713.  Hardnos  3-S  to  4.  CrOonr 
11  ihadea  of  grey,  green,  yellow,  and  brown.  Streak  white.  Lofitre 
»r™t  or  translucent.  Fntftnro  nnerBU.  Brittle.  Before  the  blow- 
he  edgee  and  iwelli  up,  emitting  a  brilliant  light,  and  when  itronglj 
-dncing  flume,  imparti  to  it  a  reddiih  tinge.  Strontianite  occun 
ine  by  the  action  of  aolubla  aulphatee.  Ban/to^trontianite,  (rom 
uey,  appears  to  be  a  mechanical  niixtnre  of  the  carbonate*  of  atron- 

tnmtinm  obtained  by  precipitation  ii  a  while  lubstance,  smooth  to 
I  but  little  coheaion.  It  diaiolTes  in  ISMS  pta.  of  coldwat«r,  and  in 
ter  contain ioK  ammonia  or  carbonate  of  ammoniam  (Freseniua); 
r  water,  whelW  cold  or  hot  (Biuesn,  Compt  rend.  ili.  BOS);  in 
laturated  with  carbonic  acid  at  ID"  C.  (Laseaigne),  and  in  thi* 
■onifl  mineral  watem,  whence  it  ciTBtalliaea  by  evsporation  in  needle- 
When  heated  in  close  vessels,  it  does  not  give  off  carbonic  anhydride 
re  short  of  that  of  a  forge  fire ;  but  in  a  atream  of  aqneoui  vapour  or 
ompoaition  takes  place  at  a  lower  tsmperatnre,  with  formatioD  of 
tiiim.     It  ii  not  decomposed  I7  aolntion*  of  alkaline  anlphates  at 

(H.ItoS^  Pogg.  Ann.  XCT.  2M). 
OP  TxoBiitiiK. — Alkaline  carbonates,  added  to  aolntion*  of  tbori- 
down  a  basic  aalt,  with  eralntion  of  carbonic  add.  Hoist  bjdrate  of 
carbonic  add  from  the  air.  The  anhydrous  earth  i*  not  aolnble  in 
earbooic  acid.  (Bsrislina) 
or  Ubakiuil— Theae  salta  do  not  appear  to  exist  in  the  sepaiata 
carbonates  throw  down  from  aranous  chlorids  a  predpitate  of 
tram  aranous  sulphate,  a  baaie  sulphate  ;  fhim  nranic  salta,  predpi- 
f  double  earbonalee. 

!C  CarbtmaU,  a[{MH')'O.CO']  +  tTO'.CO'  or  CiahmaU  of  Vraujl* 
'H^i  1'  [  '^^' — ^  dignting  the  precipitate  thrawu  down  by  ammooia 
rnmonia  from  a  nranic  salt  in  a  solution  of  carbonate  of  ammonia 
ill  the  liqnid  is  aatnrated,  then  flltning  hot;  and  leaving  the  flltnta 
I  separatee  in  small  tiaiisparent  yellow  cryitals.  It  demmposa* 
at  common  tempersturea,  more  qnicklr  when  heated,  nltimately  leav* 
brick-red  nmuic  oxide.  It  dissolvee  in  20  pta.  water  at  1S°  C,  more 
rataining  carbonalo  of  ammOEia.  The  sofotion,  when  boiled,  givea 
unraooia,  and  depoaita  the  whole  of  the  ntaninm  as  a  yellow  predpi- 
iccordiiig  to  Arfredson.  of  uraoic  oxide  with  small  quantities  of  am- 
lie  acid ;  according  to  P^ligot,  of  uranate  of  ammonium ;  according 
'    hydrate  containing  2  per  cent,  ammonia,  but  no  carbonic  add. 
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evaporating  at  a  gentle  heat,  and  reer^stallising.  It  fbnns  a  bright-yellow  crTstalliae 
crust,  which  girei  off  carbonic  anhydride  at  300°  C,  and  when  heated  to  redneis  learee 
a  red-brick  mixture  of  uranate  and  carbonate  of  potaBsinm.  It  diesolTeB  in  13*5  pts. 
of  water  at  15°  C.  without  decomposition,  but  is  partially  decomposed  by  boiling  water, 
which  throws  down  uranate  of  potassium.  The  same  compound  is  depoeited  sfter  a 
while  from  a  cold  eolution  of  the  double  carbonate,  if  veiy  dilute  and  not  containing  excess 
of  carbonate  of  potassium.  Caustic  potash  precipitates  the  whole  of  the  uiamom  as 
uranate  of  potassium,  even  in  the  presence  of  a  large  excess  of  carbonate  of  poUssiuin. 
Acids,  if  not  added  in  large  excess,  produce  the  same  light  yellow  precipitate  as  is 
produced  by  carbonate  of  potassium  in  uranic  salts.  The  double  salt  is  insolnble  io 
aloohoL    (£ b  e  1  m e  n,  ^.  cit.) 

Sodio-uranie  CarbonaU,  Na«(nK)*)''C*0*.— Prepared  like  the  preceding,  which  it 
resembles. 

Calci<Mir<mie  Carbonate,  Car{\J*O^CK>*  -(-  20aq.— Found  natiTe  as  lAebigiU,  in 
amorphous  rounded  masses,  having  a  distinct  cleavage  in  one  direction,  transparent, 
of  a  beautiful  apple-green  colour,  and  ritreous  lustre  on  the  fractured  surface.  Hard- 
ness 2  to  2*6.  Gives  off  water  when  gently  heated  and  turns  blackish-grey ;  does  not 
fuse  at  a  red  heat,  but  turns  black,  and  acquires  an  orange-red  colour  on  cooling. 
Occurs,  with  Medjidite,  near  Adrianople,  also  at  Johanngeoigenstadt,  and  in  the 
Joachimsthal.    (J.  L.  Smith,  Ann.  Ch.  Pharm.  Ixvi.  253.) 

A  ealcuhuraruHu  carbonate,  Ca''U''CH*  -h  5aq.,  occurring  in  siskin-green  scaly  aggrega* 
tions  on  pitch-blende  at  the  Elias  mine  near  Joachimsthal,  has  been  examined  by  Vogl 
and  Lindacker  (Jahrb.  k.  k.  geol.  Beichsantalt,  ir.  1853,  22  H.  A  carbonate  of  un- 
nium,  copper,  and  calcium,  called  Voglite,  which  may  be  regaraed  as  an  orthocarbonate 
(U*Cu'Ca'^')CK)'*  +  lOaq.,  occurring  in  the  same  locality  in  aggregations  of  giees 
dichroic,  crystalline,  pearly  scales,  has  also  been  examined  by  Lindacker  (Ux,  eit.). 

Cajlbokatb  of  Tttbiuh,  Y'CO*  (containing  also  erbium  and  terbium). — Precipi- 
tated from  yttrium-salts  by  carbonate  of  sodium,  with  13  at.  water  in  the  cold,  vith 
2  at.  at  the  boiling  heat.  It  is  not  easily  decomposed  by  heat ;  dissolves  sparingly 
in  water  containing  carbonic  acid ;  decomposes  ammoniacal  salts  and  dissolves  in  Uia 
liquid.  Its  solution  in  carbonate  of  ammonia  deposits,  after  a  time,  if  coooentrated,  a 
white  crystalline  double  salt,  which  does  not  redissolye  in  carbonate  of  anunonia. 
Carbonate  of  yttrium  dissolves  also,  though  lees  easily,  in  the  carbonates  of  potEissIom 
and  sodium.    (Berzelius.) 

Cabbok^tbs  of  Zinc. — ^The  neutral  carbonaU,  or  nutaearhonale,  Zn^CC, oeean 
native  as  calamine  (p.  713).  It  is  doubtful  whether  this  anhydrous  salt  can  be  ob- 
tained by  precipitation.  According  to  Schindler  (Gmelin's  Handbook,  v.  16)  it  ii 
produced  by  precipitating  a  solution  of  1  at^  sulphate  of  zinc  in  10  pts.  water  vith 
1  at  diacid  carbonate  of  potassium  or  sodium ;  but,  according  to  Berielius,  the  pre- 
cipitate thus  formed  is  2Zn''CO«.3Zn"HK)« 

Hydrocarbonatee,  Zme'tUoom,  which  occurs  in  nature  as  an  earthy  incrustation 
and  in  reniform  masses,  has,  aoooiding  to  Berzelius,  the  composition  5Zn  O.CO'-f  Saq., 
or  Zn"C0'.Zn''0.3Zn"H*0*;  according  to  the  analyses  of  Smithson  and  Bonsdorii;  it 
is  3Zn'0.C0»  +  3aq.,  or  Zn''C0".2ZnH*0»  +  aq.  It  is  dull  and  opaque,  with  white, 
greyish,  or  yellowish  colour,  and  makes  a  shining  streak.  Specific  gravity  =  3*58  to 
3*6.  H«:dnes8  »  2  to  2*5  (Gm.  vi.  15).  AurichalciCe,  or  green  eataniine  (v.  476), 
found  in  the  Altai,  and  at  Matlock  in  Derbyshire,  may  be  regarded  as  2ZoT0'. 
dZnTEH)*,  in  which  the  zinc  is  partly  replaced  by  copper.  Buratite  (p.  686)  i«  a 
hydrocarbonate  of  zinc  containing  copper  and  calcium,  perhaps  a  mixture. 

The  precipitates  formed  by  alkaline  carbonates  in  solutions  of  zinc-salts  all  appear 
to  contain  water,  their  constitution  varying  with  the  strength  and  temperature  it  the 
solutions,  and  with  the  nature  and  proportion  of  the  precipitant  The  results  obtaJDed 
in  individual  cases  are  variously  stated  by  different  authors ;  those  obtained  bv 
H.  Rose  (Fogg.  Ann.  Ixxxv.  107  ;  Ann.  Ch.  Pharm.  Ixxxiv.  2 lo)  are  as  fdUows: 

a.  With  1  at.  SulpkaU  qf  Zinc  and  1  at.  Neutral  Carbonate  of  &M2fK«i.— When  tht 
solutions  are  cold  and  concentrated,  the  precipitate  consists  mainly  of  2Zn''C0'. 
SZn^K)*  -f  Saq.,  it  remains  unalteied  at  60^  C.,  but,  after  drying  at  100^,  is  eonh 
posed  of  4Zn''CO'.7Zn''HK)*  +  aq.  Very  dilute  cold  solntiotaa  and  conoantntMl 
boiling  solutions  yield  a  precipitate  consisting  mainly  of  2Zn'*C0*.Zn'^*U*  or 
Zn*H'C*0*,  combined  with  variable  quantities  of  water. 

b.  With  excess  of  Neutral  Carbonate  qf  Sodium. — The  precipitate  from  eold  soltttionf 
contained,  when  dried  at  100^  C,  5Zn''CO'.9Zn'T['0' ;  f^m  moderately  warm  solutiooi 
SZn^CO'.SZnll'O'  (aX  100®),  but  if  very  laige  quantities  of  liquid  were  used,  it  con- 
sisted  of  Zn''CO».Zn'%«0«. 

c.  With  1  at.  StUphate  of  Zinc  and  I  at.  Acid  Carbonate  of  Sodium  (NaHCO^- 
The  precipitates  contain  more  carbonic  acid  than  the  preceding.  When  they  ans  dried 
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in  racuo,  a  large  quantity  of  carbonic  acid  escapes,  and  there  remains  the  compound 
2Zn''CO».8Zn''H«0»  +  2aq. 

d.  With  excess  of  Acid  Carhonats  of  Sodium.— Ytom  cold  solutions  a  precipitate  was 
MTBral  times  formed  containing  4Zn''CO'.5Zn''H*0*  +  nq.  (at  100^).  A  precipitation 
on  the  large  scale,  with  rather  warm  solutions,  yielded  2Zn''C0'.Zn1IK)<.  The  pre- 
cipitate obtained  with  ct>ld  solutions,  after  standing  for  some  time,  had,  when  air- 
dried,  but  not  washed,  the  compoeitiun  3(4Zn''CO*.Zn'^-0')  +  5aq. ;  after  drying  at 
100°,  it  became  4ZnT0».Zn"HH)». 

«.  With  excess  of  Add  Carbonate  <^  Potassium. — The  precipitate  not  washed,  but 
dried  between  filtering  paper,  had  the  composition  2Zn''C0'  +  2UH).  After  waiting 
with  cold  water  and  drying  in  the  air,  it  became  4ZnX'0*  -t-  6aq. ;  at  100°  it  was 
ndoced  to  4ZnT0*  +  aq. ;  and  at  200°  to  dZn''CO>  -»-  aq. 

Aoooiding  to  Sohindler,  basic  salts  having  the  composition  SZn^O.CO'  +  2aq.,  or 
Zn'CO«.7Zn''0.2HH)  and  4Zn"O.CO«.2H«0,  or  Zn"CO».3Zn"0.2H«0,  are  obtained  by 
precipitating  the  corresponding  sulphates  of  zinc  with  carbonate  of  sodium.  Accord- 
ins  to  Boussingault,  ordinary  sulpliate  of  zinc  precipitated  with  sesquicarlwnate  of 
■odium  at  ozdinaiy  temperatures,  yields  the  salt  2Zn''0.C0*  -f  2aq.,  or  (Zn")*CO*  +  2aq. 
According  to  Schindler.  hot  solutions  of  these  salts  yield  a  precipitate  of  the  same 
composition  as  zinc-bloom.    (Gm.  y.  15.) 

All  the  hydrocarbonatcs  of  zinc  give  off  their  water  and  carbonic  anhydride  at 
SOO^  C,  and  are  reduced  to  zinc-oxide,  Zn"0.  The  native  carbonate  remains  unaltered 
At  200°,  but  slowly  gives  off  carbonic  anhydride  at  300°.    (H.  Rose.) 

Ammimio'carbonate  of  Zinc ^  NH'.Zn''CO',  or  Carbonate  qf  Zinc  and  Zinc-amvumium^ 

Tsk*C\^vl^  .<»[0^. — Deposited  in  crystals  from  a  solution  of  precipitated  carbonate 

<kf  zinc  in  a  strong  solution  of  carbonate  of  ammonium.  (Favre,  Traiti  de  Chimie 
far  Ptlouze  et  frtmy^  2"*  W.  iii.  47.) 

Carbonate  of  Zinc  and  Potassium,  (Zn«K«H«)C>'0"  +  7aq.— Deposited  in  crj'stals 
fhxm  a  solution  of  chloride  of  zinc  mixed  with  sesquicarbonate  of  potassium.  (D  e  v  i  1 1  e, 
Ann.  Ch.  Fhys.  [3]  xzxii.  76.) 

Carbonate  of  Zinc  and  Sodium,  (Zn"Na*)C"0"  +  8aq.— Small  shining  crystals, 
^iparently  tetrahedrons  and  octahedrons,  obtained  in  like  manner.     (Doville.) 

Carbowatb  of  Zirconium.  Solutions  of  zirconium-salts,  treated  with  excess 
of  alkaline  carbonate,  yield  a  precipitate  soluble  in  acid  carbonates  of  alkali -metal,  and 
eontftining,  according  to  Ilormann,  76*6  per  cent,  zirconia  and  20*39  per  cent,  water, 
agreeing  with  the  formula  2Zr-0'.C0'  +  6aq.  According  to  Klaproth,  however,  it 
eontains  61*5  per  cenL,  and,  according  to  Vauquelin,  66*5  per  cent,  zirconiii. 

OMMMOMZO  ACZB  and  AXH I JISZBB.    See  Carbon,  Oxidbs  op  (p  770). 

OASBOVTC  STHMES-  Carbonates  of  Alcohol-radicles. — These  compounds  are 
metacarbonates,  MK^O*,  in  which  one  or  both  atoms  of  base  are  alcohol-radicles. 
Those  which  contain  2  at.  of  alcohol-radicle,  the  neutral  carbonic  ethers,  are  obtained : 
1.  By  the  action  of  carbonate  of  silver  on  the  iodides  of  the  alcohol-radicles. — 2.  By 
the  action  of  potassium  or  sodium  on  the  corresponding  oxalates.  This  reaction  ia 
attended  with  evolution  of  carbonic  oxide,  and  probably  takes  place  in  the  manner 
lepretented  by  the  following  equation : 

2(C^»)*CK)«  +  K»  -  iCm*yCG*  +  2C*H»K0  +  3C0. 

OxaUle  of  ethyl.  Carbonate  of        Ethjrlate  of 

etbyl.  poCauium. 

S.  By  tliB  action  of  water  on  the  chlorocarbonates  of  the  alcohol-radicles  (produced 
br  pasring  ozychloride  of  carbon  into  the  alcohols),  and  by  the  dry  distillation  oi 
t£eM  same  products.  In  presence  of  water,  the  action  is  such  as  is  represented  by 
the  equation, 

2f/^.{2,^   +  HK)  -  (C»H»)«CO«  +  C0«  +  2Ha 

VU*11  >W/  Carbonate  of 

Chlorocarbo-  amy  I. 

nate  of  amyl. 

Tlie  decomposition  of  the  chlorocarbonates  by  dry  distillation  is  more  complicated, 
a  eonfideiable  quantity  of  chaired  matter  remaining  behind ;  but  the  principal  reaction 
ia  doubtless  the  splitting  up  of  2  at  of  the  chlorocarbonate  into  a  carbonic  ether  and 
OBjchloride  of  canx>ii,  e,  g. : 

2(cao«.c*n")  =  (c*H")«co»  +  coci«. 

The  neutral  carbonic  ethers  are  ethereal  oily  liquids,  insoluble  in  water,  soluble  in 
aleohol  and  ether.  They  are  dct'omposefl  by  alroholic  potash,  yit-ldinsr  oarlionate  of 
potaMiam  and  the  corresponding  alcohols.  Two  volumes  of  the  vapour  of  each  of  these 
•(hen  eontain  two  volumee  of  alcohol-radicle,  a  fact  which  tends  to  establish  tlie  di- 
fcarititj  oCeerbonie  ecid.    (See  Acids,  p.  46.) 
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The  add  earhonks  ethers  (carbonates  of  aloohol-radidea  and  hydrogen)  are  not 
known,  but  some  of  their  salts  have  been  prepared. 

Cabbowatb  of  Alltim  C»H»«0»  «  ((7H»)«C0«.— Obtained  by  the  action  of 
iodide  of  allyl  on  carbonate  of  silver  ^eise,  Ann.  Gh.  Fhartn.  zcvL  861),  or  of  potM- 
siom  or  sodium  on  oxalate  of  aUyl  (Gahours  and  Hofmann,  PhiL  Trans.  1867,  p. 
566),  It  is  an  eUiereal  liquid  lighter  than  water.  The  alcoholic  solotioo  treated  wiui 
hydrate  of  barinin,  yields  carbonate  of  barinm  and  aUyl-alcohoL 

Cabbohatb  of  Aktl.  C"H«0«  -  (C»H»«)*CO«.— Prepared:  1.  By  saturating 
amylic  alcohol  with  o^xiblozide  of  carbon,  decomposing  the  product  with  water,  treat- 
ing it  with  oxide  of  lead  to  remove  chlorine,  drying  over  chloride  of  ealdnm,  and  no- 
tifying (Med lock,  Chem.  Soc  Qu.  J.  L  368). — 2.  By  decomposing  oxalate  of  amjl 
with  potassium  or  sodiuuL  The  action  be^s  immediately,  but  heat  is  required  to 
eompMte  it  By  distillation,  ayellow liquid  is  obtained,  which  begins  to  boil  at  ISO^C, 
yielding  amylic  alcohol ;  afterwards  carbonate  of  amyl  passes  over  at  226^,  the  quantity 
amounting  to  about  three-fourths  of  the  original  oisbllata  The  reaidue  contains  a 
fltrong-smelling  viscid  matter.    (Bruce,  Chem.  Soc.  Qu.  J.  v.  182.) 

Carbonate  of  amyl  is  a  colourless  liquid,  having  an  agreeable  odour,  and  specific 
gravity  »  0*9144;  it  boils  at  224°— 226<'C. 

Cabbohate  of  Ethyl.  Carbonio  EOer.  C*H"0»  «  (CH«)«CO«.— This  ether 
is  prepared :  1.  By  the  action  of  potassium  or  sodium  on  oxalate  of  ethyl,  the  matcnals 
bemgneated  in  a  retort  to  130°  C,  and  firesh  potassium  or  sodimn  addeci,  as  Ions  as  car- 
bonic oxide  continues  to  escape.  On  cooling  the  residue  and  treating  it  wiu  water, 
carbonate  of  ethyl  rises  to  the  sur&oe :  it  is  £ied  with  chloride  of  calHum,  and  rectified 
over  a  small  quantity  of  sodium,  then  heated  alone  till  the  boiling  point  becomes 
stationary,  the  portion  which  afterwards  passes  over  being  collected  apart  (Ettling. 
Ann.  Ch.  Pharm.  xix.  17). — 2.  By  distilh'ng  a  mixture  of  ethyl-carbonate  and  etim- 
sulphate  of  potassium.    (Chancel,  Compt  rend.  xxxL  621.) 

C*H».K.CO«  +  C*H».KSO*  -  E^SO*  +  (C»H*)K)0». 

Carbonate  d  ethyl  is  a  colourless  Hmpid  oil,  having  a  sweet  ethereal  odour,  and 
burning  taste.  Speemc  gravity  -*  0-976  at  19°  C.  Boils  at  126°,  and  volatilises  vithont 
decomposition.     Vapour-density  »  4*243  (Ettling);  4*09  (C  ah  ours);  bycalenlation 

for  a  condensation  to  2  voL  it  is 5 x  0*0693  «  4*089.  It  is  inflammable, 


and  bums  with  a  blue  flame.  It  is  insoluble  in  water,  but  dissolves  easily  in  alcohol 
and  ether.  With  alcoholic  potash,  it  yields  alcohol  and  carbonate  of  potassium.  Heated 
with  sodium,  it  gives  off  carbonic  oxide,  and  forms  ethylate  of  sodium,  together  with 
carbonate  (?)  (Lowig,  Pogg.  Ann.  L  122).  The  reaction  is  perhaps  :  C«H»0*  -i-  Na» 
2G'H*KaO  -1-  CO  (Gm.  ix.  393).  Chlorine  decomposes  carbonate  of  ethyl,  abetncting 
hydrogen,  and  forming  the  two  following  substitution-products : 

Tetraehloroearbonio  Ether,  (j^B*Cl*0*,  commonly  called  J9tdUorooar6ont0  tther. 
— Obtained  by  passing  chlorine  through  carbonate  of  ethyl  in  difRised  daylight^  he«t' 
ing  the  liquid  to  70° — 80°  C.  in  the  latter  part  of  the  process,  and  expelling  ue  excess 
of  chlorine  by  a  stream  of  carbonic  anhydride.  It  is  a  colourless  liauid  having  a  mc> 
charine  odour,  much  heavier  than  water,  and  insoluble  therein ;  soluble  in  alcohoL  It 
is  decomposed  by  dry  distillation.    (Cahours,  Ann.  Ch.  Phys.  [3]  ix.  201.) 

Perchlorocarbonie  ether,  CK)1'*0'.  (Cahours,  toe.  cit, ;  M alagnti,  Ann.  Ch. 
Phys.  [3]  xvi.  80.)— Ploduced  by  the  continued  action  of  chlorine  on  the  prsceding 
compound  in  direct  sunshine.  The  resulting  czystaUine  mass  must  be  purified  by 
pressing  it  between  folds  of  bibulous  paper,  washing  it  rapidly  with  small  quantities  it 
ether,  again  pressing^  and  leaving  it  for  some  days  in  a  dry  vacuum.  It  cannot  be 
purified  by  crystallisation  from  alM>hol  or  ether. 

It  is  a  white  mass,  composed  of  small  needles,  and  having  a  faint  odour;  melts 
between  86  and  88°  C,  and  solidifies  between  66°  and  63°.  At  a  hi^er  temperature 
it  partly  distils  unaltered,  and  is  partiy  resolved  into  carbonie  anhydride,  duoride  of 
trichloncetyl,  and  trichloride  of  carbon : 

C»C1>*0«  -  C0«  +  C«C1«0.C1  +  (yCLK 

When  dissolved  in  alcohol,  it  changes  to  an  oQ  which  is  a  mixture  of  eaibonate  and 
trichloncetate  of  ethyl,  a  large  quantity  of  hydroehlorio  add  being  produced  at  the 
same  time: 

CK)1"0»  +  4(?H«0  =  (C»H»)«CO»  +  2(C*H».C«aK)*)  +  4Ha 

Heated  with  potash-lev,  it  yields  formate,  chloride  and  acid  carbonate  of  potassium, 
together  with  hydrochloric  acid: 

C*a»*0*  +  lOKHO  «  2CHK0«  +  6KC1  +  6HC1  +  8KH00*. 
With  gaseous  ammonia,  it  forms  sal-ammomac,  chlocarbethamide  (triehloraoetamide. 
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rhkrdt,  TVaiti,  L  IS-BV  ud  an  onltitawn  nUttOK,  which  gyrtalliiti 
Uali^Qti).  When  throini  into  aqneoni  amiiiDnu,  it  mak«a  >  biaring 
it  iron  m  water,  ud  fbinu  tricUoracetamide,  togethar  with  carbonate, 

or  Etkil  a>d  FoTAaiiDX.    Eiiyl-earbonait  or  Carbevitiatt 

•n'RC  -  CH'.K.CO'.  (DuiDM  «odP*ligot,Ann.CL.Ph,i.ra] 
ined  bjr  ptusiog  carbonic  aohTdride  into  a  •olntiou  of  perfectly  drr 
MJaiD  in  absclut«  alcohol,  the  liquid  being  carefoll;  kept  cool,  whicQ 
bj  introdoeiiig  from  time  to  time  ntull  portioiu  of  anhrdroiu  ether, 
posit  thru  tbrmi,  eoniietliiK  of  ethjl-carbonatc  of  potaennm,  together 
a  tdd  tvrbooMU.    The  et%l-carban«te  ii  formed  as  repreuDted  I7 

(7BK)  *  KHO  +  CC  -  (7H'.K.CX)*  +  BK ; 

I  leeolti  froin  the  action  of  the  water  thua  fbnned  on  a  portion  of  the 


and  the  nentral  carbonate  from  that  of  the  ezeeea  of  potaah 
To  separate  the  athjl-carbonate,  the  mass  ii  treated  ~''''  ~~ 
which  diieolTra  the  excesa  of  free  potaah,  and  leavea 


.  (TH'KO. 

ite  of  potaHium  ii  a  white  noenKnu  salt,  which  bnnu  with  flame  on 
VTing  a  carbonaceona  residae,  and  jields  b;  diitillation  u  inflam- 
all  qnajitjt;  of  ethereal  liquid,  and  a  residae  of  carbonate  mixed  with 
f  tniuforma  it  into  alcohol  and  acid  carbonate  of  potaaainm : 

CH'-K-CO"  +  HK)  -  CH'.H.O  +  KHCO". 
;aeid,  OO'.H.CO*,  haa  not  yet  bem  obtained;  neither  baa  Car^omUt 
yCV.aarMttkyl-earbimu  and,  CmH.CO*. 

or  MiTHTi.  AFD  Bi.Btiil(.  Mttkyt-caThonaU  of  Bariutit. 
)■  (Damaa  and  P^ligot,  loe.  eit.). — A  aolntian  of  anhydrona  bsnta 
itbylic  alcohol,  mbjec^  to  the  nctioa  of  carbonic  anhydride,  ^elija  » 
«,  which  after  waahing  with  methjlic  alcohol,  conaiate  entiielj  of 
e  of  bftriom : 

'S..0)  +  2Bh-0  +  3C0*  =  {CH')«Ba-(CO")'  +  Ba-HK)*. 
lolnble  in  methylic  or  elhylic  alcohol,  bat  diwolves  euily  in  cold  wat«r. 
in  however  becomce  tarbtd,  depositing  a  conaiderable  qnantit;  of  car- 
n  and  giving  off  carbonic  anhydride.    The  action  ia  greatly  aaaiited 
,  Hnd  at  the  boiling-point  it  ia  mitantaneons. 

I  or  MiTSri.  inn  Ethtl.  CH'C  -  CE'.(?H',CO'  (Chancel. 
il  S3 1).— Obtained  by  diatilling  a  miztore  of  metbyl-carbonate  and 
f  potaaaiiua: 

m'.K.CO'  +  C^*.K.SO*  -  K-SO'  ♦  CH'.CPH'.CO'. 
or  Pmbhtl  abd  Htokuoiw.    C*H>.H.CO*.— Salicylic  add  (j.  ft) 
1  ai  conslitated  in  thia  manner.    Wlien  sabjected  to  dij  diatillatioB, 
carbonic  anhydride  and  hydrate  of  phenyl. 

I  or  TnTBiL.  CarbonaU  of  Butyl  CH"0*  -  (CH^'.CO".— Pro- 
Jie  action  of  iodide  of  letryl  on  carbonate  of  lilver,  the  msteriali 
each)  bring  enclosed  together  in  a  aaaled  flask,  and  heated  for  two  dayi 
,, — distilling  the  {Kodoct,  collecting  apart  that  which  paases  over  above 
lifying(Ph.  deClctmont,  Ann.ai.Phya.  [3]  iliv.  336).—  !  By  the 
le  of  cyanogen,  either  gaaeona  or  liquid,  on  tetiylio  alcohol,  in  preaenca 
inann,)iHrxliT.  840): 

<CH'.H.O)  +  CNCl  +  H^  -  (CH')«CO'  +  NH-CL 
I  limpid  liquid,  lighter  than  water,  and  having  an  agreeable  odour  like 
:<  of  ethyL     It  boili  at  190°  C.     Aqaeona  ammonU  conrarta  it  int« 
md  carbonate  of  tetijL 

rSOTOKTrrXXO  ACZS.  also  called  Silrodracylic  add.  —  An  Bcid 
rhite  slender  needles,  obtained  by  treating  toluene  with  eieesa  of  strong 
;enard  and  Boadault  (Compl.  rend.  xix.  SOS),  who  discovered  it, 
he  ftinnula  (TH'NO';  it  ia  more  probably  isomeric  with  nitrololuylie 
or  perhaps,  as  suggesled  by  List  (On.  siiL  34),  the  product  wu 
loie  acid  containing  nitroitTroL 
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CARBONYL— CARBOVINIC  ACID. 


kO VT&i    CO. — ^The  diatomie  radide  of  the  ourboBatea,  carbunatn.  csiiMi' 
mides,  &c 

OASaoyrxSOUO  ACD.    C»H»N0«  -  NH'COffO)")  ^       (Schwanert, 

Ann.  Ch.  Phann.  cxiy.  63.)— An  amie  add,  obtained  by  heating  Malagati*!  pyronuira- 
mide,  C*H«NK)  (g.t>.),  which  Schwanertregnrda  as  carbopyrrolamide.  N*.H«.(C*H«0)'. 
with  baiyta-water  in  sealed  tubes.  Ammonia  is  then  formed,  together  with  carbopyno- 
Late  of  bariom,  C^'H^Ba'^'O*,  which  crystallises  in  nacreous  laminse,  and  is  not  deoom- 
posed  by  heatine  with  potash-ley.  The  concentrated  aqueous  solution  treated  with 
hydrochloric  acid,  deposits  carbopyrrolic  acid  as  a  white  crystalline  precipitate.  Ths 
Uad-$tdtt  C"H*Pb''N*0*,  forms  sparingly  soluble  nacreous  laminae. 

When  the  aqueous  solution  of  carbopyrrolic  acid  is  heated  to  60®  C.  or  alxnre,  pjnol, 
C^H*N,  separates  from  it  as  a  brown  flocculent  substance. 

OABBOSTnUA.  CH^O  «  N(C"H^(CO)''.— Fioduced  by  the  action  of  snl- 
jhide  of  ammonium  on  nitrocinnamic  acid.  Probably  an  acid,  CH'KO',  is  first  pTO> 
auced  and  afterwards  oonyerted  into  earbostyril  by  loss  of  1  at  water,  thus : 

C«H»(NO«)0»  +  2BP8  =.  C«H»NO*  +  2H«0  +  8» 

NUrocinaaralc 
add. 

and    C"H»N0«-HK)«C*H7N0. 

CartMMtjrlL 

The  liquid  is  supersaturated  with  hydrochloric  arid,  filtered,  and  evaporated.  It  thra 
deposits  crystals  of  earbostyril,  coloured  brown  by  a  resin,  which  may  be  remored  bj 
recrystallising  the  product  seyeral  times  from  boiunff  water. 

Carbostyrif  forms  beautiful  colourless  silky  nee^es,  moderately  soluble  in  boiling 
water,  easily  in  alcohol  and  ether ;  melts  when  heated,  and  at  a  higher  tempentnfe 
sublimes  in  shining  needles ;  dissolyes  in  hydrochloric  acid,  also  in  boiling  poUmK 
not  in  ammonia  or  in  sulphuric  add.  Heated  with  solid  potash,  it  yields  an  oil  which 
appears  to  be  a  peculiar  alkaloid  (C*H'N  ?)  Boiled  with  oxide  of  silver,  it  £annB  a 
compound  insoluble  in  boiling  water,  horn,  which  it  is  separated  by  adds  in  itsori^iul 
state.    (Chiozza,  Compt  rend,  xzxiy.  698.) 

OAKBOTKZAOSTOSZVBi  C^'H**]!^.— The  sulphydrate  of  thia  base  U  (U> 
poaited  in  yeUow  ciyatals  on  mixing  acetone  with  ammonia  and  sulphide  of  carbon : 

3C»H*0  +  CS«  +  2NH«  -  C"H»»N«S«  +  8HK). 

(Stadeler,  Pharm.  Centr.  1868,  p.  433;  see  also  Acbtoiib,  p.  28.) 

OAMMWXWt  A  liPM.  C*H**N^.--A  colourless  cxystalline  body,  produced  Ky 
adding  sulphide  of  carbon  to  an  alcoholic  solution  of  aldehyde'«mmoniiL  It  is  lasty 
luble  in  cold  water  and  in  ether,  sparingly  soluble  in  cold  alcohol,  easily  in  boilifig 
alcohol  Dissolyes  in  hydrochloric  add,  and  is  repredpitated  by  ammonia.  Boiled 
with  excess  of  hydrochloric  add,  it  is  resolved  into  sulpnide  of  carbon,  sal-ammoniac, 
and  aldehyde.  On  adding  oxalic  add  and  then  ether  to  the  alcoholic  solution  of  eu^ 
bothialdine,  crystals  of  oxalate  of  ammonium  aro  formed.  The  alcoholic  solntioo 
forms,  with  nitrate  of  tAver^  a  greenish-black  predpitate,  which  gradually  changes  into 
sulphide  of  silver ;  with  memwrui  chloride  it  forms  a  thick  white  cuidj  predpitate,  and 
with  eopper-eatte  a  green  predpitate.  (Bedtenbacher  and  Liebi^  Ano.  CL 
Pharm.  ixv.  43.) 

CJkMBWTMXAMJMM*    ^]m — Guaaidine,  a  base  obtained  by  the  action  of 

oxidising  agents  on  guanine,  may  be  viewed  as  a  triple  molecule  of  ammonia  (N'H*). 
in  which  4  at  H  are  replaced  by  the  tetratomic  radicle  carbon.  Several  substitutipo 
derivatives  of  carbotriamine  aro  also  known,  viz. : 

CarbometJ^UriariUne,  N'.C.(CH*)H\ — ^This  constitution  may  be  ascribed  to  me* 
thyluramine,  a  base  resulting  from  the  action  of  oxidising  agents  on  cnatana 

Carbotrieihyltriamine.  N'.7?.(C^*)*H*.— Produced  b^  heating  cyaaurate  of  ethyl 
with  ethylate  of  sodium.    (Hofmann,  Proa  Boy.  Soc.  xi.  282.) 

Carbodipkenyltriamins,     N'.S'.CC^H*)*  H*.— This  is  the  composition  of  mdaailine. 

Carbotripkenyliriamiiie,  N'.C1(C'H')'.H'.— This  base  Ib  produced  by  the  action  of 
tetmchioride  of  carbon  on  phenylamine  (p.  766). 

All  these  bases  may  likewise  be  regaraed  as  diamines  containing  1  at  cyanogen  in 
phce  of  1  at  hydrogen;  thus,  car&triamine  -  cyan-diamine  •  N^dN^).H*  (Set 
Ethtl-,  Mbtsti^,  and  Pkehtl-Diamimss  and  TniAMnvBa.) 

OABBO  V JLHIC  ACZB.  Syn.  with  CABBONAn  OF  Ethtx.  and  Htdjioobk.  (Sk* 
Carbonic  Ethrbs,  p.  801.) 


CABIJOVINOMETHYLIDE  -  CAREX.  80a 

OKSTKTXnML    CxKBOHAn  01  Encn.  utd  Usnn  (pt  801). 

JIL    A  gem  highly  priied  bj  tha  uicieatB,  piobiblj  the  almutdiD 

0  AOXD.    Sja.  with  AuxtPKuno  Acid. 

n.VKATB  or.    CB'SK)*.— ajn.  irith  Etmiohio  Abxtdbidb. 
ra  *■"»*■     The  dried  herb  of  thii  pknt  oanUiai  u  antliaei 
mguiie  acid,  either  Ideatical  vith  or  very  gimilar  to  the  mjronic  add 

1  leed,  ia  comhisatioa  vith  an  or^anii;  (probabl;  biuic)  iwmpoDnd. 
id,  either  tcee  or  in  combiaatian  with  buE«,  derelopa,  onder  tke  in- 
m,  bnt  not  onder  that  of  tlie  emnluoD  of  bittflr  almonda,  an  acrid 
nuch  like  oil  of  liorae-nidiBb  or  acsTTy  grass.  The  decided  bittartieM 
of  ptmgpQCj  of  the  fnah  herb  appear  to  be  dae  to  the  absence  of 
ome  lualogoua  compound  capabls  of  dereloping  the  pungent  oiL 
rb.  pr.  PtianiL  zriii.  89.) 

H  OXb  An  enential  oil  extneted  bj  distillation  from  the  weda  of 
itdamom,  eapedallf  Alpinia  Bardanu/mum  and  Antamum  repent.  It  ii 
id  has  a  burning  taate.  Specific  gravit;.  0915.  Soluble  In  ether, 
tiao  in  acetic  add  and  caostic  potaA.  It  d«4oaatea  with  iodine,  and 
trong  nitric  add.     The  oil  amount!  tol'Sper  cent  of  the  seed-kemett 

ted  B 


<  eontaina  a  fixed  lUHi'diTing  oil,  which  hw  a  landd  Utter  taite,  and 
log  with  potash. 

Ui  oily  liquid  ooDtjuned,  together  with  aoaeatdic  add  (p.  209),  in  the 
ahew-nut  (Anacaniiim  or  Oumn'lHB  aieidtnlali).  ^o  obtain,  it  the 
■ted  with  ether,  the  ether  diitiUed  oR|  the  lesidne  waahed  with  water 
then  diMolved  in  19  to  20  pta.  of  aWhol,  and  dig«at«d  with  tecentlj 
Hts  of  lead,  which  takaa  up  the  auacardic  add.  while  the  cardol  re- 
The  greater  part  of  the  alcohol  ii  remored  from  the  filtered  Uqnid 
ater  adikd  to  Che  remaining  liquid  till  it  becomee  turbid,  and  aftei^ 
1  lubacetate  of  lead  till  it  ia  decolorised.    Laatly ,  the  lead  ia  pndpi- 

low  oilT  liquid,  insoluble  in  wat«r,  veij  soluble  in  alcohol  and  ether ; 
neutnJ  to  litmtu.  It  is  not  mUtile,  bat  deoontpoaea  when  heated. 
in  etrou^j.  Accotding  b>  SUdeler,  it  contains  60  per  cent,  carboa 
dn^en,  whence  he  deduon  the  formula  V^O* ;  it  should  perhapt 

ate*  basic,  bnt  not  neutral  acetalA  of  lead.  Sftong  sulphoric  add 
red  eolour.  Nitaie  add  appean  to  fi>rm  with  it  oadv  certain  dr- 
ame  prodncta  as  with  anaardic  add.  Strong  potasb-lej  eolour*  it 
atelj  dinotrea  it;  and  the  solution,  in  contact  with  the  air,  acquire* 
;  and  then  forma  red  or  violet  predpitatea  with  moat  nutfjIH"  salts. 
Ch.  Phanu.  IziiL  187.) 
le  ashes  of  Com  rtmota  and  C.  acuta  bar*  been  examined  bj  £ 


Chem.  bdz.  149.) 
ta  contained  in  100  pti. : 
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CARICA— CARMINE. 


Papaw  Tree, — "Every  part  of  the  popaw  Uee,  exeept  th« 
ripe  fruit,  aifoidB  a  miU^  juioe,  which  is  used  in  the  l^uritiiu  at  an  effectual  remedy 
for  the  tape-worm.  In  Europe,  however,  whither  it  has  been  sent  in  the  ooDcrete 
state,  it  has  not  answered.  The  milky  jnioe  is  said  to  make  meat  washed  in  it  ray 
tender,  and  the  leaves  and  fruit  are  said  to  have  the  same  effect  upon  the  flesh  of  old 
hogs  «ind  poultry  which  are  fed  with  them ;  the  flesh,  however,  soon  becomes  putrid. 
The  joice  yields  a  substance  resembling  the  flesh  or  fibre  of  animals.  U. 

See  BoNB  (p.  623). 

A  sub-species  of  au^te.  Colour  black.  Occurs  massive  and  dine* 
minated.  Internally  splendent.  Besino-vitreous.  Distinct  cleavage  of  124^84'.  Fracture 
eonchoidaL  Greenish-black  variety :  translucent  on  the  edges,  velvet-black,  opaque. 
Occurs  on  the  Saualp  in  Carinthia,  in  a  bed  of  primitive  rock,  associated  with  quartz, 
kyanite,  garnet,  and  aoisitei     {JamuofCe  Mineralogy.)  U. 

Dana  (ii.  172)  enumerates  it  as  a  variety  of  hornblende. 

OASMZTCVa.  An  organic  base  produced  by  passing  lutidine  over  red-hot  lime. 
Its  composition  has  not  been  ascertained.  It  produces  a  fine  red  colour  with  pino- 
wood  and  hydrochloric  acid,  and  pale  green  with  bleaching  powder ;  hence  it  is  pro- 
bably a  mixture  of  pyzrhol  and  vertidine.  (Gr.  Williams,  Chem.  Soe,  Qn.  J. 
vii.  97.) 

OUBMry APHTHA,  G'^HH}*  (?) — A  red  colouring  matter  obtained  by  heating 
naphthalene  with  a  solution  of  acid  chromate  of  potassium,  and  adding  snlphniie  or 
hydrochloric  acid.  It  is  dissolved  by  alkalis  and  precipitated  in  its  original  stats  by 
acids.    (Laurent,  Bev.  scient  xiv.  660.) 

CAHMZHSXH.  A  product  which  Laurent  obtained  by  the  action  of  ammonia  (m 
dibromisatin.    (See  Isatzh.) 

OAHMIMHi  CAXaiZHZO  AfOD.  (Pelletier  and  Gaventou,  Ann.  Oh 
Phys.  [2]  viii  260,  Ii  194 ;  Warren  de  la  Rue,  Ann.  Gh.  Pharm.  Iziv.  1,  28 ;  Gsrb. 
iii  760.)— The  colouring  matter  of  cochineal  (Coocue  cacUy  To  separate  it,  eoohinatl 
is  exhausted  with  boimig  water ;  the  extract  is  precipitated  by  subacetate  of  lead 
slightlv  acidulated,  care  beins  taken  not  to  add  the  lead-solution  in  excess ;  the 
precipitate  is  washed  with  distuled  water  till  the  wash-water  no  longer  gives  a  preci- 
pitate with  a  solution  of  mercuric  chloride,  then  decomposed  by  sulphuretied  hydrogen ; 
the  filtrate  is  evaporated  to  a  syrupy  consistence  and  dried  over  tne  water^bath ;  sod 
the  dark  purple  product  thus  obtained  is  treated  with  alcohol,  which  extracts  the  Ga^ 
minic  add. 

This  add  forms  a  purple  mass,  fusible  and  soluble  in  all  proportions  in  water  and  in 
alcohol  Sulphuric  and  hydrochloric  add  dissolve  it  without  alteration.  It  bsaa  § 
heat  of  136^  G.  without  decomposition.  It  is  veiv  hygroscopic  Its  solution  fonusred 
predpitates  with  the  alkaline  earths,  also  with  the  acetates  of  lead,  sine»  copper,  and 
silver. 

According  to  De  la  Bue*s  analysis,  carminic  add  contains  64*1  per  cent  caiboo  and 
4*6  hydrogen,  agreeing  neariy  with  the  formula  G*^H**0*. 

Schutsenberger  (Ann.  Gh.  Phys.  [S]  liv.  62^  regards  Dela  Rue's  carminir  seid 
as  a-mixturs,  and  aasions  to  pure  canninic  add  tne  formula  OH"0* ;  he  states  also 
that  it  is  mixed  in  cochineal  with  an  oxycarminie  add,  0^*0^  and  perhaps  also  with 
other  adds  of  intermediate  compodtion.  These  statements  do  not  ^)pear,  howerer, 
to  be  borne  out  by  the  results  of  his  analyses. 

Gaiminie  add  is  decomposed  by  chlorine  and  bromine.  The  bromine-oompooad  ii 
yellow  and  soluble  in  alcohoL 

Garminie  add  treated  with  nitric  add  yields  mtroooeouaHe  aM  ;  a  oompoand  which 
ia  isomeric  with  trinitranisie  add,  and  crystallises  in  yellow  rfaomboidal  tables,  sdlable 
in  cold  but  more  soluble  in  hot  water ;  soluble  also  in  alcohol  and  ether.  All  its  islta 
an  soluble  in  water. 

The  mother-liquor  of  the  preparation  of  canninic  add  contains  a  crystaUine  sob- 
stance,  insoluble  m  alcohol  and  ether,  soluble  in  ammonia,  and  identical  with  tfroMt, 
(Warren  de  la  Bue.) 

The  coburing  prindple  of  codiineal  (carmine)  was  previously  obtained  in  an  impure 
state  by  Pelletier  andGaventou(Ann.  GL^ys.  viii  260^  by  treating  the  oochisesl 
with  ether  to  extract  the  fatty  matter,  and  digesting  the  residue  in  alcohoL 

The  fine  red  pigment  known  in  commerce  as  carmine,  is  prepared  by  treadxtt  a 
solution  of  coemneal  with  cream  of  tartar,  alum,  or  add  oxahite  of  potassium.  Ths 
£stty  and  albuminous  matters  then  coagulate  and  cany  down  the  colouring  oaSter 
with  them. 

By  treating  a  solution  of  cochineal  with  an  alkaline  carbonate  and  ahim,  a  oompoaad 
of  the  colouring  matter  with  alumina  is  obtained,  known  by  the  name  of  earmint'iaka. 


CAEMINITE— CAROTIN.  905 

;  tlM  Miner  wdimeirt  d«pant«d  fi«m  a  dtMction  of  cocMnMl,  bAct 
■  hsTB  been  scpanteil  bj  decaDtotion,  ia  genenlly  naed.    For  chM^ar 
Bnnl  wood  ia  aomttiiiiea  mixed  with  the  eochineaL 
inr*  aw  natd  for  djwg  wool  and  lilk  erimaon  or  acariet;  but  tba 
m  an  remaricaUe  mora  for  briUiaaey  than  for  dnnbili^,  and  ara  saadlj 
ror  alkalia.    The  mordanla  naed  an  ahun,  cmm  of  tartar,  and  tin- 
I  DietionaTy  of  Artt,  Jtfanu/ariunv  and  ilma,  L  SIS.) 
ra,  or  Carmine-ipar. — A.  mineral,  piobablj  connsting  of  anhydroiu 
and  iron,  &om  Harnhiituen  in  Saxon}',  where  it  oceota,  with  Bendan- 
id  brown  iron  or*.     It  occdib  in  diuiten  of  Saa  nnedlea,  and  in  iphe- 
1  coliuniiai  atnctnrp,  dearing  paralld  to  the  face*  of  a  rhombic  prmn. 
Loitie  TitreouB,  bnt  pearly  on  the  cleavage  facca.    ColooF  carmine 
wder  reddiah-yellow.    Tranalncenl.    Brittle.    Before  the  blowpipe  it 
ina  of  araeni^  lead,  and  iron.   (Dana,  iL  410.) 
KXIOACXD.    An  acid  obtained  by  Mnapratt  and  Danaon(Phil. 

Lby  tha  ai^n  of  nitric  add  on  the  aqueona  extract  of  dorei.  It 
ooncentraled  eolation  in  yellow  micacanoi  aealei ;  and  by  predpi- 
ite  of  lead,  deoompoaition  of  the  lead-predpitate  with  aalpharelted 
TBporation,  it  may  be  obtained  in  white  cryatoU  It  is  inaoluble  in 
knd  cold  water,  nlable  in  hot  water,  anunonia,  and  potaeb.  When 
a  fellow  oil  and  emits  an  odonr  of  bomt  sngar.  Strang  ralphorie 
t  apon  it  ill  the  cold,  bat  earboniaea  it  when  heat«d.  A  moderately 
atioa  of  the  addpredpitotea  the  laJta  of  the  alkaline  eartfaa.  forming 
atinoua  man.  With  copper-nalts  it  fomu  a  green,  with  bUtbt  and 
'bite,  and  with  ferric  wlti  ■  yellow  precipitate,  all  of  floecmlent  cha- 
itt  and  Danson  laeign  to  the  barium  and  lead-salta  of  thia  add,  tha 

ITX.  KCLMg'Cl'.BHK).— AaaltwhichiometimeBeepaiateeincoaiBa- 
oftan  coloured  bj  oxide  of  iron,  from  the  mother-liqoor  of  rock-aalt, 
rine-epiingi  ;  it  may  alao  be  obtained  by  carefnl  eTsporation  of  tha 

eea-water.    (Jahreaber.  f.  Cbem.  1856,  p.  B81 ;  1S5g,  p.  739.) 
A  ^fAMt    A  wax  which  eoati  the  leavca  of  the  Corvpha  ctrifora,  a 
.  Biaiil,  and  ii  obtained  by  drying  the  leavH  and  mdtuig  the  coating 
in  icalaa.    It  forma  hard,  brittle  lamps  of  yellowiih-white  colour,  in- 

■nd  hai  an  odoor  of  maillot,  bat  DO  taate.  Itmelta  at97°C.,  oraccord- 
Lnn,  Ch.  Phya.  [31  liii.  438)  at  83'S°.  According  to  Brands  (PhiL 
161).  it  ig  insotable  in  cold,  gparingly  eoluble  in  hot  alcohol,  forming  a 
I.  Similarly  with  ether.  With  fixed  oila  it  mix«  in  all  proportioaa. 
taah  it  forma  a  pale  roee-cotoured  maaa  withont  actnally  aaponifpiis. 
Eicta  the  wax  into  a  yellow  friable  man.     Chlorine  bleachn  it     £■ 

behaves  like  beeawax.  Aceoidjng  to  Lewy,  it  contains  SO'3  per  cent, 
bydrogeo.     (Handw.  d,  Chem,  2"  Aafl,  ii.  [2]  807.) 

A  Tariety  of  Uthomarge  from  Bochlila.    (Brsithanpt) 
iM,    A  snbepcdee  of  chalcedony,  of  white,  yellow,  brown,  and  red 

•  conchoidal  fracture.     Specific  gravity  2-S.     Semitranaparent,  with 
The  finest  tpedmena  come  from  Cambay  and  Snrat  in  India.     It  ia 

I  attata,  thirty  feet  below  the  (arface,  in  nodulee  of  a  blackish-olive 
nto  grey.  Theee,  after  two  yearrf  exposure  to  the  sun.  are  boiled  for 
lereby  acquire  the  lively  colon™  for  which  they  are  priied  in  jewellery, 
ar  than  common  chalcedony.  It  consists  mainly  of  silica  (about  M 
alumina,  and  a  small  quantity  of  aeequioiide  of  iron.  According  to 
abry.  the  colour  proceeiu,  not  (torn  oxide  of  iron,  bat  from  an  organic 
I,  however,  is  denied  by  Heinti.    (Pogg,  Ann,  Ix.  S19.) 

KZWi  A  minentl  aontaining  organic  matter,  found  in  a  coal-mine  in 
It  baa  the  aspect  of  houcj-slone  ;  colour,  honn-tellow  to  wiae-yellow ; 
be  edgee ;  has  a  faint  nnctuoua  lustre  ;  very  bnttte.     Spedfie  gravi^ 

II  2'fi.  It  i>  decomposed  by  hydrochloric  acid.  It  containa  about  ISIU 
47-26  alnmina,  2SS2  silii*,  and  1-33  carbon.  The  water  is  not  com- 
below  290°  C,  at  which  temperature  the  organic  matter  begins  to  de- 

irganic  matter  appeara  to  be  allied  to  humie  add,  (Sonneuahein, 
288.) 

C"H*'0. — The  cohmring  matter  of  the  carrot  {Dauait  Carcta).  It 
1  ij  Wacksnroder  in  1S31  (Oeigei^a  Mag.  xxxiii.  144),  aflerHardl 
^iae  (J.  pr.  Chem.  il.  297),  and  recently  with  greater  exadneai  by 
in.  Ch.  Pliam.  cxviL  200). 
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Carrots  also  contain  a  colouriess  substance,  hydrocarotin,  C"H."0,  contttining 
6  at.  H  more  than  carotin ;  and  as  they  are  colonrless  in  the  early  stages  of  ih«ir 
growth,  Hnsemann  considers  it  probable  that  they  at  fint  contain  only  hydrocarofin, 
which  gradually  changes  to  red  carotin  by  oxidation. 

Preparaium. — ^The  expressed  jnice  of  bruised  caitots  is  precipitated  with  sulphuric 
add,  to  which  a  small  quantity  of  tincture  of  galls  is  added ;  the  half-dried  coaguluin  if 
repeatedly  boiled  with  fiye  or  six  times  its  Tolume  of  80  per  cent  alcohol,  which  extzacts 
the  hydzocarotin ;  the  residue,  after  dzyins  at  a  gentle  heat,  is  exhausted  with  sulphide 
of  carbon ;  and  the  filtrate  is  mixed  with  an  equal  volume  of  absolute  alcohol  The 
solution,  when  left  to  itself,  deposits  the  carotin  in  crystals  of  the  dimetric  system,  wiiich, 
while  in  the  liquid,  exhibit  a  golden-green  lustre  by  reflected  light ;  i^  however,  the 
sulphide  of  carbon  was  mixed  with  much  alcohol,  or  if  the  solution  was  too  much  too- 
centrated,  the  ciy stab  are  microscopic,  and  of  a  ruby-colour.  The  crystals  are  washed 
on  a  water-bath  funnel  with  boiling  80  per  cent,  alcohol,  afterwards  with  absolute  al- 
cohol, till  the  wash-liquid  exhibits  only  a  faint  yellow  colour,  and  when  eraporated  on 
a  watch-glass,  leayes  small  octahedral  ct^stalB. 

The  pure  carotin  which  remains,  exhibits,  after  diring  in  the  air  at  mean  tempoip 
ture,  a  red-brown  colour  with  velyet  lustre,  becoming  rai^t  red  when  dried  at  lOO^C. 
It  smells  like  Florentine  iriolet-root,  espedJally  when  heated.  It  is  rather  heavier  than 
water;  dissolves  spann^y  in  alcohol,  ether,  and  chloroform,  easily  in  sulphide  of  car* 
bon,  benzene,  and  volatile  oils ;  fixed  oils  dissolve  it  slowly,  with  red  colour.  It  be- 
comes soft  at  126°  C,  and  melts  at  168°  to  a  thick  dark  red  liquid. 

Carotin  forms  at  low  temperatures  a  colourless  crfstalline  hydrate,  which  may  be 
obtained  by  placing  a  concentrated  solution  of  carotin  in  sulphide  of  carbon  (not  anhy- 
drous) in  a  watch-glass,  over  a  freezing  mixture  pzodudns  a  temperature  of  — 10°  C.  It 
then  separates  as  a  white  efflorescence  made  up  of  smafi  needlee ;  but  as  soon  as  it  is 
taken  out  of  the  freezinff  mixture,  it  gives  up  its  water,  and  is  converted  into  red  carotin. 
The  same  phenomenon  is  exhibited  by  a  solution  of  carotin  in  benzene,  excepting  that 
the  hydrate  is  then  slightly  yellow.  Another  hydrate  is  sometimes  formed  by  adding 
to  a  dilute  solution  of  carotin  in  sulphide  of  carbon,  so  much  absolute  alcohol,  that  the 
turbidity  at  first  produced  shall  disappear,  at  least  on  heating  the  liquid.  It  sepaiat«8 
in  thin,  iridescent,  six-sided  laminie,  and  appears  to  be  more  stable  than  the  first-oicn* 
tioned  hydrate.    The  composition  of  these  hydrates  has  not  been  determined. 

Carotin  is  very  unstable ;  during  the  evaporation  of  its  solution,  it  often  separates  in 
a  light  yellow  amorphous  modification,  which  is  but  sparingly  soluble  in  sulphide  at 
carbon.  The  red  crystals  gradually  become  colourless  from  without  inwards,  when 
exposed  to  daylight,  and  more  quiduv  in  sunshine ;  the  new  substance  thus  fonned  ii 
inodorous,  dissolves  readily  in  iQcohoI  or  ether,  but  with  difficulty  in  sulphide  of  carbon 
or  benzene,  and  separates  from  these  solutions  in  the  amorphous  stata  The  lame 
change  takes  place  when  carotin  is  exposed  for  a  long  time  to  a  heat  of  150^C. 
Whetiier  the  new  substance  thus  formed  has  the  same  composition  as  carotin,  i»  oot 
yet  made  out.  Carotin  heated  to  260°  C.  forms  a  mobile  liquid,  which  on  cooling  soli- 
difies to  a  soft  yellowish-red  mass.  At  higher  temperatures,  it  carbonises  and  giresoff 
empyreumatic  vapours. 

Fuming  nitric  acid  dissolves  carotin  with  yellow  colour,  and  water  sepuatee  from 
the  solution  a  yellow  nitro-compound.  Strong  sulphuric  acid  dissolves  carotin  with 
purple  colour ;  and  on  carefully  adding  water,  the  colour  disappears,  and  a  somewhat 
modified  carotin  separates  in  dark  green  flocks,  which,  like  carotin  altered  by  light,  am 
coloured  brown  by  sulphuric  acid. — Sulphurous  anhydritie  changes  the  colour  of  carotin 
to  dark  indigo,  but  does  not  alter  it  further ;  tiie  blue  substance  crystallises  from  ben- 
zene in  red  cubes,  and  is  also  converted  into  red  carotin  by  boiling  with  potash. 

Dry  chlorine  gas  converts  carotin  into  tetrachloro-carotin,  a  white  suMantt 
soluble  in  ether  and  in  sulphide  of  carbon,  becoming  soft  and  dark-red  at  100°  C, 
melting  at  120°.  Another  substitution-product  containing  less  chlorine  appears  also 
to  be  formed. 

Bromine  and  iodine  likewise  decompose  carotin,  forming  substitution-products  which 
are  more  fusible  than  carotin  itself. 

Carotin  is  not  decomposed  by  dilute  acids,  by  hydrochloric  add  ps,  sulphuretted 
hydrogen,  sulphide  of  ammonium,  or  by  alkalis,  either  in  aqueous  or  u  alooholic  solu- 
tions. Solutions  of  carotin  are  not  precipitated  by  metallic  salts ;  the  alcoholic  solution 
is  coloured  greenish  by  ferric  chlonde. 

A  substance  having  the  same  colour  and  composition  as  carotin,  la  obtused  br  treat* 
ing  tribromhydrocarotin,  C'"H^rH),  with  potash ;  but  the  identity  of  the  two  has  not 
yet  been  completely  established.    (See  HvDBOOABOTar.) 

CAMWMOVLTM*  A  silicate  of  mansanese,  aluminium,  and  iron,  ibttfid  near 
Schlackenwald  in  Bohemia,  in  radiated  and  stellated  tofts,  sometimes  also  in  rhombic 
prisms  of  111°  27',  and  68°  33',  with  the  lateral  edges  truncated.    Specific  gavity  « 
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nu  -  6  to  fi-G.    It  is  opaque,  witli  lUwr-^allow  or  mx-^ellow  eolov 
aa,  from  tdf^i,  Mnn),  and  Tilnoiu  lutn.    lU  analjaU  girei — 
y       UaK>'      FsW      Ca'O      HK)       F 

T        IS'38        8-27         —        line      —    -  99-961  (SteinmBan). 
7        1918        2-5*        0-2T      18-78    I'W  -  98-97    (Btromiiyarj. 
4        20-76        9-87        2-S6      11-3S      —    -1(M)'4S    (Haiur]). 
mala  SR'O'.SSiO'  +  3aq.,  the  araqiuDxiilea  of  alaminium,  Tniii|[r>i>n— .  and 
>piiaed  td  repines  each  other  iaomorphoiul;. 

;  the  waqaioiide*  to  protoiidia  (aubfltitutiag  r  —  IB),  tha  fbrmola  b»> 
BQ  orthomlicate,  2r"O.SiO*  +  »q.  =  HSiO'  +  aq.  icoocrting  to  KoWU, 
!  and  iroDare  id  (.ba  ttnU  of  proUiiide*,  and  t^  formula  ia  (Md'O^'O') 
').    (RamiiuUMrg't  MineraldmiiM,  p.  687.) 

■nMntTX.  A  h^dnt«dpbaapliat«iofinni,  Mmtwniiig  anaU  qoantitiM 
and  cine,  oeenrring  in  reniform  maasea  and  incnwtationi  of  straw-yellow 
sinoiu  luitre.  Specific  grsTitj  2-S ;  haidnesa  i  to  4-S.  It  ii  fbnnd  in 
a  aUte,  and  vu  fint  dutuignialiiid  by  Breithaiipt,  among  aome  qieeiineiu 
r.     (Dana,  a  i3I.) 

itrair-jellov  Tariatj  of  Thomionitc,  Cram  Berafiord, 


rrm  (W.L.  Fiber,  SilL  Ani.  J.  (2)  ilii.  418  ;  Smith  and  Brnsli. 
;  Oenth,  ibid,  xxiii.  lit.) — Amlptudeof  cobalt  and  copper,  fhcm  Finia- 
County.  Mat7land,  U,  S.  Forma  homogenKma,  very  friable  mamea, 
^  cleHTage;  Ciii-ffhit«  to  8t«el-gTey  colonr;  metallic  Inatre;  iron-black 
en  fractore,  approacbing  to  the  coDcboidaL  Hardneaa  6'S,  Specifla 
The  minenl  hai  not  been  found  in  diltinet  ctyatali,  but  appMn  to  belong 

la  Ca  Co  yi  Fe  Qnarti 

82  S2'99  28'GO  1-50  fi'31  3-13-    99-30  (Faber). 

-  IS-lf  37-70  1-14  1-26  -    •■  100-08  (Smith  and  Braab). 

-  17-86  38-70  1-70  0-46  0-97  -  100-19  (G«nth), 

cai  from  bi*  analyaia  (aAer  dsdncting  tha  nickel,  ataenie,  and  iron,  toga- 
A  per  cent,  inljdiiir  mjoired  to  form  coppei^nickal  and  magnetiB  pTritea), 
lVS.|i.'u'/'3  or  Co''(Oa:)''8'.  Smith  and  Bmab  regard  the  minenl  u 
(Co>S>),  in  which  part  of  the  eobaU  ia  replaced  by  cnppar. 
mmmm  MOU.  See  C&uaaan  How  (p.  747). 
,  Datieut  Cbrofo.— The  whn  of  the  root,  leaTM,  and  aeed  of  the  carrot 
JjsedbjWay  ■nd0^ston{JBhpeBber.  f.  Chem.  1849,  Table  E  to  page 
I,  Table  B  to  p.  660)  with  the  following  peroenlnge  reenlte : 
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b^  distilling  the  tnah.  roots  with  water.  It  has  a  yeiy  slarong  pongent  tast«  and  smeD, 
difwolves  sparingly  in  water,  freely  in  alcohol  and  in  ether.  (Wackenroder,  Ib^ 
Pharm.  xzziii.  146.) 

CAXTBAMZV.  The  oolonring  principle  of  safflower  (  Carthamue  tinetarivs\  first 
examined  by  ChcTreul,  afterwards  more  folly  by  Schlieper  (Ann.  Ch.  Pnaim. 
Iviii.  362.) 

The  flowers  of  Carthamiu  iinetorius  contain  two  coloured  principles^  one  yellow, 
soluble  in  water,  and  of  no  use  in  dyeing,  the  other  red,  soluble  in  alkidis  and  praci* 
pitable  by  acids  from  its  alkaline  solutions:  this  is  carthamin.  To  prepare  it,  safflower 
IS  first  washed  repeatedly  with  water,  to  free  it  from  the  yellow  substance,  then  treated 
with  solution  of  carbonate  of  sodium ;  the  liquid  is  saturated  with  acetic  ac>d ;  and 
pieces  of  cotton  are  immersed  in  it,  on  which  the  carthamin  is  deposited  After 
twenty-four  hours,  the  cotton  is  remoyed  and  treated  with  solution  of  carbonate  oi 
sodium,  which  redissolyee  the  colouring  matter ;  the  eolation  is  mixed  with  dtiic  acid, 
wherebj  the  carthamin  is  precipitated  in  red  flocks ;  and,  lastly,  these  flocks  are  di»- 
Bolyed  m  aloohoL  The  solution  eyaporated  in  yacuo  jrields  the  carthamin  in  the  form 
of  a  powder,  haying  a  deep  red  colour  with  greenish  iridescence.  It  is  sparingly  soluble 
in  water,  insoluble  in  ether,  but  easily  soluble  in  alcohol,  yielding  a  &»  purple 
solution. 

According  to  Schlieper,  carthamin  contains  66*9  per  cent,  carbon  and  6'6  hydrogen, 
agreeing  with  the  formula  G'*H'*0. 

The  yellow  colouring  matter  of  carthamus  is  add.  It  has  a  bitter  taste  and  great 
colouring  power.  It  combines  readUy  with  oxygen,  and  is  conyerted  into  a  brown 
substance.    It  unites  with  oxide  of  lead,  forming  the  compound  (Pb'0)*.CH'*O. 

The  red  colouring  matter  of  carthamus  is  used  in  dyeing,  and  for  the  prepantion  of 
rouge.  The  flowers,  after  being  freed  as  much  as  possible  from  the  yellow  d^e  by 
repeated  washing  with  water,  are  pressed  and  dried,  and  sent  into  the  market  in  the 
form  of  cakes,  known  in  commerce  as  safflower,  Spanish  red,  or  China  cake, 

For  the  preparation  of  rouge,  the  red  colour  ib  extracted  by  a  solution  of  carbonate 
of  sodium,  and  precipitated  by  sulphuric  acid  or  by  lemon  juice  preyiously  depurated  by 
standing.  This  precipitate  is  dried  on  earthen  plates,  mixed  with  talc  or  French  chalk, 
reduced  to  a  powder  t7y  means  of  the  leayes  of  shaye-graas  triturated  with  it  till  thpy 
are  both  yery  fine,  and  then  sifted.  The  fineness  of  the  powder  and  proportion  of  the 
precipitate  constitute  the  difference  between  the  finer  and  cheaper  rouge.  It  is  like- 
wise spread  yezy  thin  on  saucers,  and  sold  in  this  state  for  dyeing. 

Carthamus  is  used  for  dyeing  silk  or  cotton  of  a  poppy,  cherry,  rose,  or  bright 
orange-red.  The  cakes  of  safflower  haying  been  disintegrated  by  steeping  in  water, 
the  rod  fibre  is  washed  in  sieyes  as  long  as  the  water  which  runs  through  acquires  a 
yellow  colour.  It  is  then  put  into  a  deal  trough,  and  sprinkled  at  dififerent  times  with 
pearl  ashes,  or  rather  soda,  well  powdered  and  sifted,  in  the  proportion  of  6  lbs.  to  100, 
mixing  the  alkali  well  as  it  is  put  in.  The  alkali  should  be  saturated  with  carbonic 
add.  The  carthamus  is  then  put  on  a  doth  in  a  trough  with  a  grated  bottom,  placed 
on  a  larger  trough,  and  cold  water  poured  on  till  the  larger  trough  is  filled ;  and  this 
tareatment  is  repeated,  with  addition  of  a  little  more  alkali  toward  the  end,  till  the  car> 
thamus  is  exhausted  and  become  yellow.  Lemon  juice  or  sulphuric  acid  is  then  poured 
into  the  bath,  till  it  is  turned  of  a  fine  cherry  colour,  and  after  it  is  well  stirreil,  the 
■ilk  is  immersed  in  it.  The  silk  is  wrung,  drained,  and  passed  through  fresh  baths, 
washing  and  drying  after  eyery  operation,  till  it  is  of  a  proper  colour ;  after  which  it  is 
brightCTcd  in  hot  water  and  lemon  juice.  For  a  poppy  or  fire  colour,  a  slight  annotto 
ground  is  first  giyen ;  but  the  silk  should  not  be  alumed.  For  a  pale  carnation,  a  little 
soap  should  be  put  into  the  bath.  All  these  baths  must  be  used  as  soon  as  ^ey  are 
made,  and  cold,  because  heat  destroys  the  colour  of  t^e  red  fecnla.  The  colours  pro- 
duced by  carthamus  are  yery  beautiful,  but  fugitiye.  (See  Ur^s  Dictionary  of  Arts, 
Manufactwts  and  Mines,  i.  624.) 

OAXTI&AOB.  The  cartilages  consist  of  a  dry  fiexible  tissue,  which  contains 
but  a  small  quantity  of  inorganic  matter,  and  when  boiled  with  water  yields  chon- 
drin  (g. «.),  a  substance  resembling  gelatin,  but  differing  in  certain  reaetiona. 

According  to  Scherer,  the  cartilage  of  the  ribs  contains  40'5  to  60*9  per  cent  carbon, 
7*0  to  7*1  hydrogen,  14*9  nitrogen,  and  27'2  to  28'6  oxygen.    (See  Bonb.) 

GAXVna,  OASVO&,  and  OAB.VACBO&.  (Volckel,  Ann.  Ch.  Pharm. 
zxxy.  808  ;  Ixxxy.  246;  Schweizer,  iind,  L  329;  Gm.  xiy.  283,  414.)— Essence  of 
caraway  consists  of  two  essential  oils,  carvens,  C'*H",  and  carvol,  C'H^^O,  which  may 
be  B^Miated  by  factional  distillation.  The  latter,  howeyer,  is  more  esdly  prepared 
by  agitating  ou  of  caraway  with  an  alcoholic  solution  of  sulphide  of  ammonioffl : 
•idphifdiraU  ofcannl,  (O*W*0yJ3?Q  is  then  formed,  and  this  compoiand,  deoomposed 
oy  ammonia  yields  carvol.    (Varrentrapp,  Handw.  d.  Chem.  2*"  AofL  ii.  [2]  812^ 


BTOPHTLLIC  ACID— CASE-HAEDENING. 

i«  ft  vAeoAtm  mobiI«  oil,  lightn-  di 

■Tomatio  laatc    Bnili  at  H^C.    It  ia  nearif  inn^bla  u.     ._, 

»bol  and  athcir;  it  abaorba  liTdrocUorui  acid,  and  tbrma  »  OTatalliae  eom- 
li  Bulla  at  Sfr^S  C.  and  conaiata  of  C"H".2HCL 

•  liquid  boiling  at  2S0°  C.  Spedflc  sraTit;  0'9G3.  It  is  KsiDiiad  bj  itnmg 
ihnne  acid,  and  farms  vitb  bjdrochlorie  acid  an  oiljeompoand  containiDg 
.  aulpKydrattofcaTBol,  SCHi'O.H^  cijrtaaiaea  from  lolutioo  in  iloohd 
IIm  having  the  Imtn  of  latin ;  tbey  Hre  fasible.  and  when  cantiouslr 
ime  ilmoflt  unaltered  (Varrentrapp).  Sulphgdraie  of  lulpiocarvti, 
i,  is  pTodneed  by  paning  snlpharetted  b;drogeD  for  a  losg  time  tbroogh 
lieb  the  preceding  compoond  ii  aoiipended.  It  then  sepantea  aa  a  thick 
aaolfsa  in  ether,  and  ia  depogitsd  tbere&am  in  white  flocka.  The  ethenal 
^pitaCea  chloride  of  mercury  and  dichloride  of  platiDum ;  but  the  pncipi- 
Dt  a  constant  compontioiL  (Varrentrapp.) 
^1,  a  rabgtance  isomeric  with  eairol,  is  obtained  bjixeating  oil  of  canway 

or  again  by  treating  the  aame  oil  with  iodine,  cohobating  aenral  times, 

the  product  with  potash ;  as  thus  obtained,  boweTer,  it  is  mixed  with 
irraerot  ia  also  found  among  the  prodncts  of  [hs  action  of  iodinp  oa 
728).  (?»H"0  +  21  ..  sm  -(-  CH^O,  Cairacrol  when  pnre  ia  a  colonr- 
i  lighter  than  water,  and  soluble  in  wst«r  to  a  small  amount.  It  hua  na 
kIout,  and  an  acrid  veiy  persistent  tasl«.  Boils  at  132°  C,  giving  off 
ib  irritate  the  organa  of  reepiration.    It  buma  with  a  bright  very  smokj 

with  Edoinic  Acm. 

1*0. — This  substance,  isomarie  with  commoD  eamphor, 
in  considerable  quantity  in  clovet,  the  dried  Sower^buds  of  the  doTe-tree, 
I  arwjiaticiu,  which  is  indigenous  in  New  Ouinr'S  and  the  Holuccaa.  and 
I  Sumatra,  in  the  isles  of  Mauritius  and  Boar!  <nri.  and  in  Brazil.  It  may  be 

Ireating  cloFea  with  cold  alcohol;  the  liquid  ia  about  fifteen  days  he- 
'd with  crystals,  which  may  be  purified  with  mlatioo  of  soda.     The  clovea 

eibaosted  with  elher,  and  the  caryophyllin  separated  by  agitating  the 
ution  with  water.    Crude  oil  of  dorea  also  deposits  caiyophyllin  un 

lin  forms  silky  colourless  needlea  arranged  in  radiating  groups,  deatitote 
amell.  It  mellswith  difflcnlly  and  with  partial  decomposition  (Dumas); 
ibout  2°S°  C.  (Mnspratt).  It  dissolves  sparingly  in  cold  alcohol,  easily 
rohol  and  in  ether ;  also  in  hot  caustic  alkaUs.  Strong  sulphuric  acid  dia- 
he  cold  without  blackening,  but  the  liquid  blackens  when  heated.  Nttriij 
)  it  into  a  resinous  Bubatance.     (aerb.iT.27B.)  • 

bKO.  The  alluvial  soil,  oonaiiting  of  farrnginona  aand  and  clay,  in  which 
inda  am  found. 

IZI&&  BAm^  The  bark  of  cascarilla,  Ontm  dnUlteria  and  Cr. 
iruba  indigenous  in  the  Weat  Indiee.  It  contains  albumin,  tannin,  a  red 
itter,  a  fatty  substance,  an  essential  oil  having  an  agreeable  odour,  wax, 
my  snbstance,  stardi,  pectie  add,  wood,  fibre,  and  caacarillin,  together 
im-aalt  and  chloride  of  potassiom.    It  posaassea  tonie  and  aromatic  pro- 

tXKMt^t  OZ&  OP.     Caacarilla   baii  contains  a  volatile  aromatic  oil, 

0  U'3T  per  cent  (Bley),  0-87  (Trommsdorf).  It  is  daric  yellow,  aome- 
blnisbttngejnf  qwcificEravi^O'SOe— 0  938;  boils  at  180°C.  or  higher 

orf).  According  to  Tolckel,  Uie  first  distillate  is  coloarlesa,  of  ap^ific 
2,  and  boils  at  173"  C.    (Gm.  ii».  363.) 

UXUH  is  obtained  by  treating  the  aqueous  extract  of  caacarilla  bai^ 
of  lead,  filtering,  and  predpitating  the  eicfsa  of  lead  with  sulphuretted  hy. 

1  liquid  erapocBted  at  a  gentle  heat  deposits  an  amorpbona  mass,  from  which, 
g  with  cold  alcohol,  the  caacanUin  may  be  eitracted  by  boiling  alcohoL 
I  by  rpcryitallising  several  times,  after  decolorising  with  animal  chaicoaL 
«  in  needles  or  in  heiagooal  plates,  which  are  colourless,  bitter,  fusible, 
B  by  heat,  sparingly  soluble  in  water,  more  soluble  in  alcohol,  ether,  hydro- 

and  sulphuric  add.     The  aqueous  aolution  is  not  precipitMed  by  alkalis, 
Lte,  or  subacvtate  of  lead.     (Duval,  J.  Pharm.  [3]  viil  Bl.) 
UUUmzxs.    steel  when  hardened  ia  brittle,  and  inn  alone  is  not 
ceiring  the  bardnoa  whic 
riety  of  articles  in  whidi 
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^  together  with  the  tooghness  of  iron.  These  Tequiaitee  are  united  by  the  art  of 
hwdening,  which  does  not  differ  from  the  makiDg  of  eteel,  eace^t  in  the  shorter  dnr;i« 
tion  of  the  prooeea.  Tools,  utensils,  or  oraaments  intended  to  he  polished,  are  fimt 
manufactured  in  iron  and  nearly  finished,  then  put  into  an  iron  box,  toother  with 
vegetable  or  animal  charcoal  in  powder,  and  cemented  for  a  certain  time.  This 
treatment  oonrerts  the  external  part  into  a  coating  of  steel,  which  is  usually  rerr  thin, 
because  the  time  allowed  for  the  cementation  is  much  shorter  than  when  the  whole  is 
intended  to  be  made  into  steeL  Immersion  of  the  heated  pieces  in  water  hardens 
the  surface,  which  is  afterwards  ^Ushed  bjr  the  usual  methods.  Mozon  (Mrchanic 
Exercises,  p.  56)  gives  the  following  receipt :  —  Cow's  horn  or  hoof  is  to  be  baked  or 
thoroughly  dried,  and  pulverised.  To  this  add  an  equal  Quantity  of  bav  salt :  mix 
them  with  stale  chsmb^  ley,  or  white  wine  vinegar:  cover  tlie  iron  with  this  mixtnie, 
and  bed  it  in  the  same  in  loam,  or  enclose  it  in  an  iron  box :  lay  it  then  on  the  hearth 
of  the  forge  to  dry  and  harden :  then  put  it  into  the  fire,  and  blow  till  the  lump  have 
a  blo6d-r^  heat,  and  no  higher,  lest  tne  mixture  be  burnt  too  much.  Take  the  iron 
out,  aud  immerse  it  in  water  to  harden. 

The  same  end  is  now  more  effectually  attained  by  heating  the  tool  red-hot,  and 
sprinkling  over  it  ferrocyanide  of  potassium  (yellow  pmssiate)  in  fine  powder,  then 
quenching  it  in  water.  Some  prefer  smearing  the  sunee  of  the  bright  iron  with  loam 
mode  into  a  thin  paste,  with  solution  of  the  yellow  pmssiate,  drying  it  slowly,  then 
heating  it  nearly  to  whiteness,  and  plunging  it  into  cold  water,  when  the  heat  has 
fiillen  to  dull  redness.  (See  Ur^s  Dictionary  of  Arts^  Manufactures  and  Mines,  i. 
630.)  U. 

CA8BZV  constitutes  the  chief  part  of  the  nitrogenised  matter  contained  ia  the  milk 
of  mammiferons  ahimals.  It  takes  its  name  from  caseus^  the  Latin  name  of  eheeae,  which 
is  principally  composed  of  casein  mixed  with  fatty  matters  (butter)  and  deoompositioB* 
products  of  casein  (carbonate  of  ammonium  and  ammoniacal  salts  of  acetic,  batyrie. 
valeric  acids,  &c.). 

Preparation. — ^According  to  the  views  of  Berzelius,  Braconnot,  and  others,  two  modi- 
fications of  casein  are  supposed  to  exist,  the  one  soluble  in  water,  the  other  coagulated 
and  insoluble  in  water.  Soluble  casein  hss,  however,  never  been  prepared  free  from 
alkali,  and  is  most  probably  identical  with  albuminate  of  potassium  or  sodiam 
(Lehmann).  Insoluble  casern  has  nearly  the  same  properties  und  composition  as  ia* 
eolublp  albumin. 

Soluble  casfin  may  be  prepared  as  follows :  Fresh  milk,  from  which  the  cream  has 
been  removed,  is  evaporated  at  a  gentle  heat,  a  portion  of  the  casein  becoming  ooagn- 
lated,  while  the  rest  remains  dissolved.  The  residue  is  exhausted  with  ether,  m  order 
to  extract  fatty  substances,  and  treated  with  water,  which  dissolves  casein  and  lactin 
(suffar  of  milk) ;  a  little  alcohol  is  next  added  to  the  aoueous  solution,  whereby  most 
of  the  lictin  is  precipitated,  the  precipitate  is  washed  wiui  weak  alcohol,  and  a  solution 
of  casein  is  obtaineit  which  always  contains  lactin  and  alkalL    (Gerh.  iv.  484.) 

Insoluble  castin  may  be  obtained  by  simply  heating  creamed  milk  near  to  the  boiling 
point,  coagulating  the  liquid  with  a  few  drops  of  acetic  acid,  completely  exhausting 
the  coagulum  with  water,  txesting  with  alcohol  and  ether,  d^ing  and  powdering  tiie 
residue,  and  repeatedly  digesting  it  with  ether  (Dumas  and  Gahours).  Peihaps the 
best  method  is  that  of  Bopp  (Ann.  Ch.  Pharm.  Ixiz.  16).  Milk  is  coagulated  with 
hydrochloric  acid,  the  coagulum  washed,  first  with  distiUed  water,  and  then  with  water 
containing  2  or  3  per  cent  hydrochloric  add,  and  finidly  witii  cold  distilled  water.  A 
jelly  is  thus  obtained,  dissolving  at  40^  0.  in  a  huge  quantity  of  water.  This  solution 
IS  filtered  and  carbonate  of  ammonium  cautiously  added,  and  the  precipitate  is  well 
washed  and  exhausted  with  ether-alcohol.  Whatever  add  be  employed  in  the  eo* 
agulation,  the  casein,  when  treated  in  the  manner  described,  never  contains  any  traee 
of  add,  and  has  always  the  same  compodtion.    (Gerh.  loo,  cit.) 

Chemical  Properties. — Soluble  casein,  when  prepared  in  the  manner  described, 
leaves,  after  evaporation,  an  amorphous  residue,  inow>rou8,  but  having  a  nckly  tastes 
It  does  not  redissolve  completely  m  water,  nor  does  the  solution  coaguate  by  heat,  but 
merely  becomes  covered  with  a  film,  which  forms  again  as  often  as  it  is  removed. 
Soluble  casein  is  coa^ated  by  alcohol,  a  portion  at  the  same  time  entering  into  solu- 
tion ;  a  larger  quantity  is  dissolved  by  boiling  alcohol.  The  cosgulum  produced  by  /tA- 
soltUe  alcohol  is  completely  insoluble  in  water.  Solution  of  casein  is  prcdpitated  ly 
all  acids  (except  carbonic  add) ;  the  predpitates  redissolve  in  an  excess  of  add,  and 
the  solutions  become  covered  with  a  film  inien  evaporated  in  an  open  vessel  Mineral 
acids  predpitate  casein  from  its  acetic  add  solution.  After  the  ooagula  thus  obtained 
have  been  well  washed  with  water,  they  still  redden  btmus,  although  they  do  not 
impart  an  acid  reaction  to  water,  even  on  boiling.  The  spontaneous  coagulation  of 
milk  ia  due  to  ^he  formation  of  lactio  add  (produced  by  the  fermentation  of  lactin)  the 
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limns  tlig  ilkali  tii  which  th«  caaeiu  wu  dux^Ted,  uiil  thu  nmdeiiiig  tbt 

)luUe. 

eatein  alviji  contaiiu  >  Itvga  amoiuit  of  minenl  mtttar  {when  conciliated 
,  8  to  10  p«r  cent.).  Ckwin  cooenlatcd  by  as  udd  jielda  &om  1  to  fi  pa 
uid  the  ash  ia  nerer  alkaline  (Seherei).  Caaein  contaiu  phosphate  ol 
I  a  conatitaeat  part.  Mulder  (Arch,  t  1BS8,  p.  ISS)  found  in  casein  S  pel 
phata  of  calciun,  which  ia  precipitated  on  coftgolBting  anj'  easeona  liqnid  with 
[chough  ODOiigh  free  acid  be  added  to  diasolTe  anj  unconibilied  phoaphate  ol 

loiat  caaein  ia  eipoaed  to  tha  air,  it  aoon  begins  to  putrefy,  jietdine  snlpbidc 

mate  of  ammoninm,  a  neutral  oily  body,  having  a  diaagreeable  aatSi, 
rith  batjrie  and  valeric  acidii ;  at  the  name  tune  the  ondecompoaed  eaaeic 
in  tbe  ammoniH  formed  (IljeDko,  Ann.  Ch.  Pbann.  liiiL  2S4).  According 
a  cryatalline  body  poeaeaaing  a  most  powerful  odour,  ia  formed  vnder  thi 
inutancea.  When  casein  potreflea  out  of  contact  with  the  air,  it  jielda  aeetia 
ileric,  and  c^ric  acids,  as  well  as  ammonia. 
owing  are  the  lesnlta  of  the  analyaia  of  coagulated  caaein,  dedocting  aah : 


'SK"* 


'JJJ*       brSaibiA. 


(Gerh.  iy.  487.) 
inmben  agree  very  dotely  with  tboae  obtained  bj  the  aame  chemiete  in  thi 
t  albumin,  nccpt  that  caaein  appeon  to  contain  lesa  anlphar  than  alburaii 
rdeil).  Casein  does  not  (^pear  to  contain  any  pboaphorua,  except  in  thi 
bosphate  of  calcium. 

7ted  cauin  is  resdilj  solahle  in  eanstic  potash ;  aJ^pr  boiling,  the  solutioi 
ralphide  of  potaasiom.  When  oisein  ia  fasfd  with  canstic  potasli,  ammonii 
olved,  then  nydrc^cn ;  the  mnM».  at  flnt  dark  brown.  gTadnsl];  clears  am 
rellow;  it  is  then  completely  soluble  in  water,  and  conLiias  tyrosiii,  leucin 
sometimes  batjrste),  and  oxalate  of  potae«ium.  as  well  its  the  potusaiiun-ul 
ile  acid  having  an  eierementitioUB  odoor  (Liebig).  If  a  Tery  weak  aolutioi 
is  saturated  with  casein,  the  aikaline  reaction  completely  disappeara;  the  so 
IS  obtained  is  precipitated  by  all  adds  except  carbouic  Chhcui  dissolveii  ii 
I  of  phosphate  of  sodium,  and  neutralises  it  at  the  same  time.  It  also  dis 
gely  in  solutions  of  the  alkaline  cartwnates,  of  comiDoo  salt,  chloride  of  am 
nitrate  of  potassium,  &c.  These  solutions  do  not  coagulate  by  heat,  bu 
trsdually  cohered  witii  a  film  wbicb  ia  insoluble  in  dilute  aUulis  and  aeidi 
'  film  ia  fbnned  when  milk  ia  heated. 

lutions  of  caaein  are  precipitated  by  all  iart\y  and  mttaflv:  lalt*.  The  pre 
with  chloride,  anlphate,  and  acetate  of  caldam  and  salpbat«  of  magnesium 
rn  down  only  on  heating  the  liquid.  Componnds  insoloble  in  water  ani 
;  on  exposure  to  the  air,  are  obtained  by  heating  casein  with  carbonate  o 
c  of  banom.  The  compound  of  casein  and  lime,  prepared  from  dotted  milk 
Escible,  and  is  employed  in  distemper  painting.  (Oerhardt,  loe.  cil.) 
washed  casein,  while  still  moist,  be  digested  with  water  containingO-OOOS  pe 
rochloric  acid,  it  disaolves  completely.  The  lignid,  filtered  from  a  trace  of  fat 
be  rays  of  polnrised  light  to  tLe  [eft,  and  has  all  the  chancteristicB  of  a  lolil 
tnunin,     (Bonchardat.) 

n*  uliai  •■rim)  IwlwMn  ]-&  ud  t-4  put  cant.    TbtinlMtuHwudrM  IH"  C 
M  "  nirUologlcsl  Sdhtch  of  CHFln.*  (p.  111.) 
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Osone  acta  energetieally  upon  casein,  the  casein  being  appttrantij  fint  eonveftM 
into  a  enbataDiCe  resembling  albumin,  which  is  again  destroyed  on  prolonging  the  action 
of  the  OBone  (Gornp-Besanes,  Jahresb.  d.  Qiem.  1858,  p.  68).  O.  Mwchke  sa^rs 
that  he  obtained  by  this  reaction  a  oystallised  compound  of  casein  with  a  new  add 
{'Urid,  p.  543).  Concentrated  hydrochloric  acid  turns  casein  blue  or  riolet,  forming  the 
same  products  of  decomposition  as  with  albumin.  TVmmn,  from  gall-nuts,  precipitate 
the  most  dilute  alkaline  solutions  qf  casein.  Mercuric  chloride  yields  with  soluble 
casein  a  bull^  white  precipitate,  soluble  in  acetic  add  and  in  excess  of  alcohol :  the 
precipitate  does  not  contain  chlorine,  and  is  probably  identical  with  albuminate  of 
mercury  (Eisner).  Soluble  casein  is  also  precipitated  by  aoeiaU  and  subaoetaUof 
leadf  by  o/itm,  fiiercttrotts  nitrate^  and  atUphate  of  copper.  The  acetic  add  solution  of 
casein  is  moreoyer  predpitated  hy  ferroeyanide,  chroinate,  and  iodaie  of  potassium. 

Casein  yields  the  same  products  as  albumin  with  sulphuric  add  and  acid  ehromate 
of  potassium  or  peroxide  of  manganese  (Guckelberger).  When  chlorine  is  passed 
through  ammoniacal  solution  of  casein,  a  product  is  likewise  obtained  analogoos  to  that 
produced  in  the  same  way  £nom  albumin. 

The  coagulation  of  milk  by  rennet  (the  mucous  membrane  of  the  fourth  stomach  of 
young  calyes),  is  supposed  by  Liebig  to  result  from  the  animal  matter  acting  as  a  fer- 
ment, and  transforming  the  lactin  of  the  milk  into  lactic  add ;  since  milk  coagulated 
by  rennet  at  a  tempereture  of  40^  C.  always  has  an  add  reaction.  It  appears,  how- 
ever, that  milk  may  be  coagulated  by  rennet,  eyen  when  rendered  allmline  b^  the 
addition  of  small  quantities  of  carbonate  of  soda,  so  that  after  coagulation  the  liquid 
still  remains  alkaline :  it  is  only  necessary  to  operate  at  a  higher  temperature  (betweea 
50®  and  60®  C.)    (Gerh.  iy.  490.) 

Sources  and  physiological  nature  of  Casein, — When  moibid  bile  is  eyaporated,  a  film 
of  coagulated  mucus  and  of  a  caseous  substance  is  formed  (Frerichs,  Hann.  Ann.  y. 
pp.  1  and  2).  Moleschott  (Physiologie  des  Stojfwecksels,  Erhingen,  1S51.  p.  886,  &c.\ 
found  casein  in  the  fluid  filling  the  interstices  of  cellular  tissue,  also  in  the  interstitial 
fluid  of  the  neck-band.  M.  S.  Schultze  found  casein  in  the  liquid  impregnating  the 
middle  lining  of  the  arteries:  in  100  pts.  of  the  dried  fibrous  lining  membrane  of  the 
aorta  thoradcOf  out  of  17*4 — 23'1  pts.  soluble  constituents,  7*24  pts.  casein ;  and  in  the 
middle  lining  of  the  carotid,  which  contains  more  contractile  fibrous  cells  than  the  aorta, 
in  39  per  cent  soluble  pts.  21  pts.  of  casein  were  found.  The  juice  of  flesh  appears  to 
contain  casein ;  at  least  this  substiince  has  been  found  in  the  liquid  pressed  m>m  fleKh. 
It  is  not  certain  that  blood  contains  casein.  Dumas  and  Cahours  haye  extracted  from 
the  coagulum  of  blood,  a  substance  which  has  the  same  composition  as  casein  (B«?e 
analysis  of  casein),  but  is  soluble  in  warm  alcohol  (Ann.  Ch.  Phys.  [3]  yi.  415).  Fre- 
richs  almost  always  obseryed  in  the  soluble  constituents  of  the  contents  of  the  smalt  m- 
testine,  albuminous  compounds  sometimes  haying  the  properties  of  albumin,  sometimes 
of  casein.  A  substance  resembling  casein  is  extracted  by  boiling  alcohol  from  the 
contents  of  the  small  intestine  of  the  human  fcstus,  from  the  fifth  to  the  sixth  month 
(Lehman  n).    The  presence  of  casein  in  the  cAv^  is  exceedingly  improbable.  (Lehm.) 

When  yoke  of  egg  is  treated  with  ether  and  water,  a  coagulum  eollects  under  the 
yellow  stratum  of  ether.  I^  after  remoying  the  ether,  the  coa^^um  be  filtered  ofif  and 
washed  until  the  wash-water  becomes  only  opaline  by  heat,  a  substance  remains  on  the 
filter  identical  with  casein  prepared  by  Bochleder^s  or  Bopp*s  method  (Ann.  Ch.  Pharm. 
xiy.  253 — 6 ;  Bopp,  ilrid.  Ixix.  16 — 37),  only  that  it  contains  a  little  albumin  poor  in 
salts;  the  albumin  was  predpitated  by  diluting  the  yoke  solution  with  water  (Gmelin, 
ffandbuch,  yiii  2,  282).  Casein  has  been  said  to  exist  in  urina  chyfosa,  Beveil 
says  that  the  urine  of  a  child  twenty-two  weeks  old,  collected  in  his  presence,  con- 
oontuined  all  the  constituents  of  milk.  Lehmann  and  Cheyalier  were  unable  to 
confirm  this  statement.  Lehmann  does  not  deny  that  albuminoidal  substances  may  pass 
into  the  urine,  but  with  their  properties  so  changed  as  not  to  agree  with  those  of  any 
known  albuminoidal  compound. 

Coagulable  albuminate  is  sometimes  found  in  the  discharge  of  serous  akin.  Casein 
is  not  contained  in  nonnal  pus,  nor  has  it  been  detected  with  certainty  in  abnormal 
pus. 

The  casein  of  human  mUk  is  stated  by  Simon  to  be  yellowish-white  and  yeiy  friable; 
it  absorbed  moisture  from  the  air,  and  was  but  incompletely  predpitated  by  alum  or 
by  acetic  add,  from  its  aqueous  solution.  Casein  from  cou^s  milk  is  leas  soluble  in 
water,  and  becomes  yisdd  and  homy  on  diring.  Canine  milk  prea  a  casein  which 
does  not  become  yisdd  and  homy  when  drieo,  and  is  less  soluble  in  water. 

The  following  are  the  peKoetttagas  of  casein  in  milk  from  yarioos  sonooi^  (Gmelin, 
Handb.  yiiL  [2]  254,  5.) 
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bto  ««m  of  milk  i«  .  ,  „ 
■ted.  Uilk  ii  the  most  iniilgeMlble  of  albi 
IM  of  cheese  in  3 — 3'fi  bonni ;  boiled  cuein  in  7  hoiini.  E.  t.  Si^hroder 
it  in  the  homsn  Btomiifli,  26  bonn  niter  fresh  loilk  bod  been  tnknn,  caivij 
led  in  the  form  of  amorphous  or  fibnj  trsnimiireiit  Inmn ;  and  even  afte 
F  3i  honra,  nndiesolTed  niJk  globales.  utLenng  to  small  coagnls  of  caaeic 
t  afnja  fbnnd,  altbougb  the  zreat^r  put  of  tJie  milk  seemed  to  bare  pasaei 
omacb.  Cheeaea  which  are  baid,  iai,  tind  poor  in  salts,  are  more  difficul 
n  than  loosely  coagulated,  moist,  and  fresh  cberan  (Gmelin,  Handb.  ii 
The  digestibility  of  casein  naturollj  depends  upon  ita  state  of  aggregation 
of  human  milk,  which  coagulates  Tith  great  difScnltf,  is  more  readil 
an  that  of  cow's  milk,  which  is  more  riscid.  C.  E.  L.  ' 

m,-rmaaiXAXLim,    See  LaOTrnm. 

iVA.  JUiiunicAc,  CatiaK,  Cauava  Bread,  is  a  kind  of  atardi,  obtaine' 
>ot  of  the  maniock  {Jatroplia  tnanihot,  L.)  in  the  W«t  Indies,  where  thi 
ligenoufl.     Tbe  mot  {a  gntfed  to  a  pulp,  which  is  stronglj  squeezed  in  ba^ 


The  JQi, 


e-balf  per  ( 


it  of  a; 


eiceedinglr  paiK 


irved  to  kill,  with  horrible  coDTulsions.  in  six  minutes,  ■  negro  who  had  bee 
>f  morder  b;  poison.  Cassava  ma;  be  f^eed  from  vooAj  particles  by  soli: 
ion.  and  eTHporalion.  If  in  this  state  It  is  exposed  to  heat  ODan  iron  plali 
I  into  mamm^lliited  email  lumps,  called  tapioca,  an  agreeftbla  food,  which  i 
ted  b;  means  of  potat'>Htatch. 

floor  may  bo  distinguiabed,  by  the  microscope,  ftom  arrow-root,  potati^ 
wbeat-starcb.  by  the  sbiipc  of  its  particlea,  which  are  spherules  (rf  j^^  t 
diameter,  while  those  of  the  second  and  third  farina  are  ellipsoids,  ramn 
d  those  of  the  fourth  are  spherules,  clustered  more  or  len  together.  D. 
Ht  "TMUM^r.     See  Lbad.  Oitchlortob  cif. 

&  OAXTO»HTKXi&TA.  The  bark  of  Dicypkt/Uum  ean/opiyttatwi 
lanraceous  tree  growing  in  Brazil  It  has  an  agreeable  tnste  ^  cloTee.  a 
ionr.  and  contains,  according  to  Trommsdorff,  IS  per  cent,  resin,  80  tannii 
id  iJuMphate  of  eileiom,  and  G9  woody  Bbre.  It  also  yields  an  aromati 
ooDtainuig  eugenic  add.  (Handw.  d.  Chem.  2<*  Aufl,  ii  [2]  820.) 
A.  OtXWAMOnA,  Cimavum  Cmaia.  Chinrsr  Ciatia  harJt,  is  tb 
er  bail  of  Oinmimdnwn  aivmaikum,  a  Isoraceoos  tree  indigenous  in  Chini 
ilad  in  Java.  It  has  a  burning  taste  and  aromatic  odour,  and  contains,  a< 
Bucbola,  ta  per  cent  aofl  resin,  14-9  eitractiye  matter.  64-3  wood^  fibii 
in;  Tolatile  oil.  &c  According  to  Hulder.  it  also  contains  tannic  act 
.)  By  distillation  with  salt  water,  it  yields  oii  of  auha,  an  oil  main! 
of  cinnamie  aldehyde,  and  nearly  identical  with  ths  oil  obtained  &oin  Ceylo 

&  raTV&A.  The  fruit  of  SaclsrritMum  fittvia,  a  legaminoos  plar 
I  India  and  in  the  inteiior  of  Africa.  According  to  Vauquelin,  it  contain 
nt.  sugar,  and  1  '6  gum,  together  wiUi  pectin,  gluten,  &e. ;  according  t 
it  contains  easaiin.  The  legume  is  divided  into  a  number  of  trunsven 
with  a  sweet,  slight  add  pulp,  lOOpta.  of  wbieh  contain,  according  to  Heniy 
SufiT.  Cub.        Tuinbi.       Ttlloa  eolDorlni         Waut. 
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CASSnN  -  CASTOREUM. 

LSBIXV.  A  bitter  pnncipte  obuuned  bom  Gutia  fittda.  It  ii  ninbic  in 
D  olcobol,  vid  is  precipitatnl  thenfrom  by  anlphoriG,  titne,  or  hTdioefalorii 
rentou,  J.  Phwrn.  tin.  3*0.) 

(SmTdt.) 
Tuitalite  from  Bmddbo  in  Finluid,  conb 
a  of  tiiL    (8«e  Tunum.) 

JUSXira.  nrxv&a  OV>  A  puipla  compound  of  the  oxidM  of  gold  u 
Gou>.) 

MMMOWIO  AOZS.  A  I^p7  nnei7Bl<IliMlile  add,  obfaunsd,  h^thei 
ie  tui  Hcchuic  acid,  bj  oxidioog  cane-angar  witb  nitric  add.  It  forma  s  i 
with  nitrate  of  ailTei.  The  bitnmn-«alt  appetn  to  coDlain  CH*Ba*0'.  (Sie 
itut.  xxL  7S.) 

JUTBKVAU  UXTM.  A  minarkl  fifom  the  diamood  unda  of  Baliia  in  ] 
maiita  moinlj  of  hydrated  pboaphate  of  jlCrinm,  and  occnn  in  impofect  m 
rregnlar  graina.  probably  trimetne,  of  grejiih-wliita  or  pale  jellow  colour,  nni 
naatine  lustm,  hardar  than  flnorapar,  bnt  acratcbed  by  a  ateel  point  (Dai 
itut.  1353,  p.  78.) 

iA>TXSKOTA  Bb&STXOA*  A  Mexican  acTophnluuceou  plant,  vbidi 
itchooc 

'•AMTOrm.    A  ci7«taUine  baaic  anbatatiee,  obtained  ftooi  the  aoedof  Ft'ter. 
ut,  L.    It  ia  bitter,  inaolaMe  in  water,  aolnble  in  alcohol,  ether,  and  adda  ; 
TitaJIine  hjdioehlorate.    (Landerer,  Bucbner'a  Bepert  liv.  BO.) 
lASTOm.     A  varietj  of  Prujtb  (}.  v.). 

IA<TOumL  BiberffdL — A  imbataneo  found  in  a  pair  of  amall  aaea  sii 
he  genital  ornna  of  the  beaver  (^CoMlor  Fiier  and  OuCw  anu 


he  genital  ornna  of  the  beaver  {CoMtor  Fiier  and  OuCw  amainnu*).  Tbt 
<e  aorta  of  It,  Enaaian,  Bavariui,  and  American  or  Canadian.  Of  theae,  tbeR 
loat  valued,  thougb  tbe  Bavarian  ii  considered  nearly  equal  to  it  Cuat 
a  treib,  ia  aoft  and  uocCnous.  but  becomea  hard  and  firm  when  dry  ;  it  haa  a 
irownish-black  eolottr,  and  ia  aomewhat  ahininz.  It  haa  a  pecoliar  pungent 
a  bitterish  ipic;  taate,  which  irrltutea  the  throat ;  it  ia  used  in  me£dne 
spaMDodic; 

according  to  Brandea,  Boiaian  and  Canadian  eastoreum  difiai  coaaiderably  ii 
ition,  aa  ibown  bj  the  following  table: 

ToUtile  oil 1-00  3-00 

Caatorenn  raon 1385  BSiSO 

Choleetorin —  1-30 

Caatorin OSl  S'H 

Albumin 001  IH 

Qlutinoo*  aubatanee 3-30  2'00 

Eibaet  eoloble  in  water  and  alcohol      ,  0-!0  £-40 

CaibiHuite  of  unmonium       ....  0'83  0-80 

Fhoaphate  of  caldnm 144  )-40 

Caitionate  of  ealdum 33-60  S-W 

SolphalM  of  potaaaiuni,  caldum,  and  mtg- 

Oelatinoui  anbatanee  extracted  by  potaih                 2-30  8-40 
Qelatinona  mbatanea,  extnctable  by  potaah, 

soluble  in  alcohol —  1-M 

Hembiaaea,  akin,  Ik. 20-03  S-30 

Water  and  loil 32-83  1170 

S?M  100-10 


Vohler  hj  diatillins  Canadian  eaatomuii  with  wator,  obtained  plienie  add.  to 
h  beuoic  add  and  lalidn  ;  he  auipected  alao  the  pieaanoB  of  ellagic  and  « 
L  Lehmann  found  bile  in  freeb  caatorenm,  bj  Prtlenkofer'a  teat;  alao  a 
atae  and  orstea.  and  an  albiuninoidal  anbatanee.  Loogier,  Bmndea,  Batk 
gel,  found  benioic  add.  Lehmann  found,  aa  the  mineral  eonatitaenta  of  eaat 
mall  quantity  of  chloride  of  aodium,  lal-ammoniac,  and  other  loluble  aalt 
epbale  of  Bodium  and  ammonium,  and  an  abundance  of  phoaphata  of  ealdv 
•pbale  of  magnesium. 


L  Bubatann  reaemUing  caatorevm  ia  likewiae  secreted  by  the  pt^mca  (Prmf 
it  and  ditoridii)  of  man  and  of  the  horae.  Lehmann  sivea  tlte  fbUownu  ti 
compoaition  of ;  A.  Freah  Qerman  caatorenm ;  B.  SuokMl  *>— ^■" ;  C^Mk 
Smegma  ptvputii  of  tbe  boiae ;  E.  of  man : 


CASTORIN  —  CATAPLEmX 
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U  black-brown,  ihioing,  brittle,  Deorlj  iiuoloble  ia  ether,  Bolubte  in 
a,  and  pracipit&ted  therpfrom  bj  acidL 

■oii,  obtuned  bj  diatilling  culoreoni  nith  wBter,  is  pikle  jelloir,  risi^d, 
ible  iD  water,  eaiilj  in  alcohal,  and  ba»  k  fhup  bitter  taste.  Ruaaiuji 
■Xia  2  per  cent,  of  this  oil ;  Caimdian  I  per  cent.  (Unndw.  d.  Chem.  2" 
031.) 

XM-  A  fsttj  rabatinee  obtiiaed  fmia  eastORmn.  A  solation  of  caalorenni 
leohot  utunted  wbile  warm,  fields  on  cooling  s  depoait  of  ordjnuy  fet. 
her-liqnor  deposits  crjstals  of  ciistoiin  by  slow  STapontion.  This  sub- 
piuiSed  b;  repeated  crystaUiiution,  forms  delicate,  truiepareiit,  fonr^ided 
Dg  a  funt  taste  uid  smell  of  cutoremn.  It  melts  in  bailing  water,  and 
cooling  to  a  hard  tranelacent.  palverisable  mass.  It  is  but  sparingly 
d  alconol ;  etber  disaolvea  it  re&dilj  ;  volatile  oils  only  when  vanu.  It 
ilatilise  with  vapour  of  water.  It  didSoWes  withoDt  alteratioa  in  boiling 
iric  acid,  in  strong  acetic  acid,  in  caustic  alkalia.  According  to  Brandea, 
^uliar  compoand  with  nitric  acid.  (Oerh.  ir.  2S0.) 
;  OIK.  This  oil,  much  naed  in  medicine  as  a  pnTgative,  is  eitracted  &om 
iitinva  OKitnitma.  a  eophorbiaceous  plant  coltiTated  in  the  West  Indies 
UTH  dimatm.  It  la  viscid,  jellowiali,  odourless,  and  bas  a  faint  tasle, 
ie«  acrid  whsD  the  oQ  is  rancid.  It  solidities  at  -  IS°  C.  Spedfle 
I  at  12°  C.  It  ia  distinguished  from  other  oils  bv  its  easy  solubility  in 
ether.  It  is  a  mixtnre  of  several  gljceridea.  When  saponified  by  an 
Ids  a  soap  porfeetly  solnble  in  wat«r,  and  from  which  mineral  sdds  sepa- 
re  of  acids,  oily  at  common  lemperaturea,  and  consisting  mainly  of  ricino- 
H'*0'.  When  this  oily  mixture  is  dissolved  in  *  third  of  its  Tolome  of 
the  eolation  is  cooled  to  —16°  or  —  12°C.,  it  deposits  a  small  quantity  of 
ra,  sppareDtly  consisting  of  atesric  and  palmitic  acids, 
gives  by  aaajysis : 

o     .        .        .        7418  7*K>0  7?S8  7^38 

agta        .        .        ll-OS  10-29  11-18  ll'Sfi 

in    .         .         .         U-79  Ht71  13-fl«  14-30 

lOO-OO  100-00  lOOiW  10000 

MDverta  eastoi^«il  into  lieinolamide,  B,H'.C'*H"0'.  When  castor  oil  is 
h  potash,  sebale  of  potassiom  remains  in  the  retort,  aod  an  oilT  liquid 
consisting  of  caprylic  or  (snanthylic  alcohol,  and  methjl-snant^yl  (see 
.  98).  Casto>oil  treated  with  a  mixture  of  ■ulphuric  acid  and  add 
potiisaiani.  yields  (snanthvlic  acid  and  hydride  of  vuleryL  Nitric  add 
th  Tialence.  and  eoUTerts  it  into  cBnanthylie  acid.  Peroxide  of  nitntgen 
lotid  ity.  Ciistor-oil  dissolved  in  absolute  alcohol,  and  expoaed  to  the  action 
rdrochloric  add,  is  coaverted  into  glycerin,  and  coataios  ethyl-compounds 
he  fatty  adds  previously  in  combination  with  the  glyceriii.  Castor-oil 
diy  distillation,  yields  hydride  of  (snanthjl  and  cenanthylic  add,  together 
Dantities  of  acrolein  and  solid  latty  acids.  (G-srh.  a,  003.) 
rsZB.  or  Contact  mlion. — Terms  applied  by  Benelins  and  MitJcherKch 
a  of  chemical  action  in  which  a  substsnce  appears  to  induce  decomposition 
ody.  without  itself  undergoing  perceptible  altaration,  or  at  all  events  with- 
into  combination  with  either  of  tJie  elements  of  that  compoand.     (Se« 

LBUSK    A  rilleal«  oontainiDg  lircoDiiim,  from  the  island  Lamo^  neac 
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CAT  AWB  ABITE  —  CATECHU. 


Breyig,  Norwa^i  together  with  ciroon,  lenoophace,  monndrite,  tad  tritomite.  Itn- 
perfect  priBmatie  cr^tala,  with  perfect  bual  clearage.  Specific  gnrity  2'8.  Hardneoi 
near  6.  Opaque,  with  light  yeUowiah-brown  colour,  and  little  lustre.  Helta  eaaiW 
to  a  white  enamel  before  the  blowpipe  on  platinum;  gives  a  oolonrlees  glaae  with 
borax;  blue  with  oobalt-oolution.  Diaaolyea  eaailj  in  hydxochlorie  aci3  without 
gelatiniBing.    Mean  of  analyaee : 

SiO«        Zr«0»        A1«0»        Na«0  Oa"0       Fe'O      H«0 

46-67        29-57  0*92  10-46  418        0*66        8'96  •  101*26 

Agreeing  nearly  with  the  formula  3(M''O.SiO')  +  2(Zi^".3SiO*)  -i-  2aq.,  whieh  if 
conia  be  regarded  aa  a  protoxide  (gr  -  fZr),  may  be  reduced  to  that  of  a 


(M"«T')SiH)«+aq.    (Weibye  and  Sjogren,  Fogg.  Ann.  Ixxix.  299 ;  Dana,  ii.  808.) 

OATAWASITSi  A  name  given  by  Lieber  (SilL  Am.  J.  xxviiL  148)»  to  a 
rock  which  accompanies  itacolumito,  and  appears  to  stand,  as  a  magnesium  xoek  or 
slate,  between  iteoolumite  and  itebirite. 

OATBOBVf  formerly  called  also  Terra  japonica,  is  an  extract  rich  in  tannin, 
obtained  by  boiling  in  water  the  parts  of  several  plants  growing  in  India,  and  \b  dis- 
tinguished into  tlu^e  sorts  in  commerce.  1.  Bombay  Catechu,  from  the  Artea 
eateehu,  is  prepared  by  boiling  the  fruit  of  the  areea  palm  in  water,  the  first  portions 
of  the  decoction  being  the  strongest^  and  affording  the  quality  called  Cassu^  the  latter 
portions,  tiie  weaker  sort  called  Ccmrjf,  The  best  occurs  in  dense  irregular  lumps  of  a 
a  dark  brown  colour.  It  is  opaque,  with  an  even,  slightly  unctuous,  abining  fraetore. 
Another  variety  called  oateehu  verum  has  a  somewhat  reddish-brown  colour,  a  t§.ttj 
lustre,  a  splintery  conchoidal  fructure,  and  is  translucent  on  the  edges.  Bombajr 
catechu  is  almost  entirely  soluble  in  boiling  water,  yielding  a  darit  brown  liquor,  yfrr 
ridi  in  tannic  add,  and  afibrding  copious  precipitates  with  solution  of  glue  and  with 
sulphuric  acid. 

2.  Bengal  Catechu,  is  obtained  from  the  Acacia  {Mimosa)  Catrehu,  by  boiling 
the  twigs  and  unripe  pods  in  water.  It  has  a  lower  specific  gravity,  is  of  a  pale  brown 
colour,  with  a  yellowish  cast.  It  ia  opaque,  with  a  glimmering  lustre  on  the  frac- 
tured surface  only,  and  traversed  by  dark  brown  shining  stripes.  When  treated  with 
cold  water,  it  leaves  a  large  residuum,  but  boiling  by  water  it  is  mostly  taken  up ;  the 
solution  contains  less  tannin,  but  more  caiechin,  thim  the  Bombav  sort 

3.  The  third  kind,  called  Gambir  Catechu,  is  referred  to  tne  Nofidea  ( Uncaria) 
Oambir,  from  which  also  kino  is  obtained.  It  occurs  in  cubical  pieces  of  1  to  I  j^  incht^s, 
opaque,  and  of  a  brown  yellow  or  bright  vellow  colour.  Their  fracture  is  even  and 
dulL  It  IB  little  soluble  in  cold  water,  but  almost  completely  in  boiling  water,  the 
solution  affording  copious  raecipitetes  with  glue  and  sulpnuric  acid. 

4.  A  fourth  kmd  called  Egyptian  or  Nubian  Catechu,  is  said  byLandererto  be 
obtained  by  the  collectors  of  gum  by  boiling  the  fruits  of  gummiferoua  acaciaa,  and 
to  be  exposed  fbr  sale  in  the  bazaars  of  Smyrna,  and  at  Constantinople.  It  is  for  the 
most  part  soluble  in  water,  but  differs  from  the  other  varieties  in  many  respeeto. 

All  kinds  of  catechu  dissolve  in  great  measure  in  alcohol;  and  soften  with  heat 
The  specific  gravity  of  good  Bombay  catechu  is  1*39 ;  of  Bengal  catechu  1*28 ;  and  of 
the  Oambir  variety,  1*40.  Catechu  is  used  as  an  astringent  in  medicine,  and  for  tan- 
ning leather,  either  alone  or  mixed  with  oak  bark.  The  comparative  value  of  catechu 
for  tanning  may  be  measured  by  the  proportion  of  gelatin  which  is  required  to  prsdpt- 
tate  all  ite  tannin.  Catechu  is  also  used  in  dyeing,  especially  for  silk  and  wool  Wh<s 
treated  with  nitric  acid  at  45^  C,  it  yields  a  bright  yellow  powder,  possessing  all  the 
properties  of  picric  acid,  but  much  more  soluble  in  water.  Silk  and  wool  may  oe  eaaily 
djA  in  the  aqueous  solution. 

Catechu  has  lately  been  much  used  to  prevent  the  formation  of  boiler  incrustations, 
or  to  remove  them  when  formed ;  the  quantity  required  is  such  as  will  slightly  colour 
the  water.    (Newton,  Rep.  of  Patent  Inventions,  1868 ;  Dinj^  poL  J.  cxlviii.  316.) 

Catechu  is  masWy  composed  of  two  principles,  catecMn  and  oateehtUanme  oM^ 
together  with  a  brown  colouring  matter. 

Catsokin,  Caiechueie  acid,  or  Tanninffenie  aeid,  is  obtained  from  Bengal  catechu, 
by  digesting  it  for  24  hours  in  cold  water  to  extract  the  tannin,  and  then  boiliBg  the 
residue  sevnal  times  with  water.  The  yellow  catechudc  acid  whic^  deposits  itself  dorine 
the  cooling  is  to  be  collected  upon  a  filter,  washed  repeatedly  with  cold  watar,  aiM 
finally  dissolved  in  six  times  its  weight  of  water  with  purified  bone-blaok  to  deoolorise  it. 
White  catechudc  add  separates  from  the  hot  filtered  solution  aa  it  eools.  It  is  now 
to  be  washed  on  a  filter  with  cold  water,  quickly  dried  on  bibulous  p^«>«  «od  mors 
completely  under  the  recdver  of  the  air-pump.  Other  processes^  but  lass  tinple,  have 
been  prescribed 

Pure  catechin  is  a  white  powder  composed  of  vezy  small  silky  needles.  It  dtssolfw 
iu  1133  pts.  of  water  at  17^  C.  forming  a  colourless  tasteless  solution,  which  has  no 
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colour  orlitmiu ;  it  iliBKiiTM  in  3  pis.  of  boiling  wata  (Ibmiiiff  a  aolatioii 
■n  add  naction),  io  5  or  6  pla.  of  cold  aleohot  3  or  3  pta-  boJiiig  alra^l 
>ld  ether  and  7  to  S  pU.  boiUiw  ether.  Aecoidiiig  to  Zwcnger'B  anal^BiB 
'3  per  cenL  carbon  aiid  4'S  bjdrogeit,  Thaoce  Zweogcr  deduces  tba  fimnola 


projxTti 
by  form: 


lelUat  217°  (Zweager),  aiidioIidifleBtoatniialDeeDt,amoiplunu,brittl« 
'  diyiiig  at  KH)"  C.  it  girea  off  1'4  per  oant  watar  whan  meltecL  Wben 
>  its  meltiag  point,  it  tonu  brovn,  and  intamtttet,  giTing  off  water  and 
.    Bj  Atj  diatillatioa  it  jieldi  on  empjTBiuiiatic  oil  and  an  acid  initcij 

jieldj  by  fvapomtion  crjslalj  of  pjrocutecbin  or  ozyphenic  acid  (;.  v.). 
\enil  aciOB  dissolve  oiCeclun  irilbout  alterisg  it ;  ilmng  acids  decompoae 
ng  Biilphtiric  Bcid  it  fonas  a  deep  pniple  liquid. 

Ion  not  form  definite  mmpODnds  with  bases.  It  abaorb*  ammonia,  but 
piiD  in  TacDO.  The  fixed  aUuUs  colonr  it  jelloir,  brown,  and  black.  It 
'ompose  alkaliae  carbonates,  or  precipitate  the  aolntioni  of  hjdiate  or 
cium  or  barium.  It  fonos  a  white  precipitate  with  acetate  and  anbacetate 
k  green  with  fbrric  chloride  ;  greeuish-blBck  or  vjolet  with  ferroeo-ferrie 
own  or  black  with  sulphate  of  copper;  brown  or  blnck  with  salta  of  ailTer, 
tin  am,  the  metala  being  reduced.  Tbese  decompoaitioiia  often  take  placr 
duIj,  or  on  beitiog  the  liquid,  and  am  alwaji  accompanied  by  decompo- 
Euti'cbin.    SolstioQS  of  gelatin,  starch,  tartar-emetic,  and  salta  of  quinine 

are  not  precipitated  b;  catechin.     (OerL  ii.  882). 

-tiHMia   AoiD.      CaciauUmnie  add.      Tannin  of  CaUcInt,    To  ob- 

d,  the  aqueous  inftisiou  of  catechu  is  heated  with  dilate  solpharie  acid, 

liquid  has  been  ctarifled  from  the  colouring  matter,  Ac,  theieby  thrown 

sulphoric  acid  is  added  as  long  as  a  precipitate  continnea  to  form.  This 
i  washed  ou  a  Qlt<>r  with  dilute  sulphuric  acid,  pressed  between  paper,  and 
pure  water,  the  solution  digfeted  with  carbonate  of  lead,  the  solid  matteT 
filter,  and  the  41trale  evaporated  ia  yacuo.  The  product  thus  obtained  is 
e->olution  in  ether  conlaining  alcoboL  Another  mode  of  preparation  is  to 
Isred  catechu  with  ether  in  a  displacement-apparatus  and  eraporate  the 
tion.  A  vellowiah  porous  mass  then  remains  resembling  gallotannic  acid, 
inic  add  has  a  purely  astringent  taste,  sad  resembles  gallotanic  acid  in 
I,  but  is  distinguish^  therefrom  bj  not  precipitating  tartar- 
fonniag  a  greyieh-greeD  precipitate  with  ferric  salts.  It  does  not 
irrous  salts.  It  is  soluble  in  water,  alcohol,  or  ether,  insoluble  in  oik 
id  volatile  ;  its  solutions  are  precipitated  by  gelatin.  It  is  but  slightlr 
iter  acidulated  with  sulphuric  scid,  though  more  so  than  gallotannic  adiL 

to  Pelouze,  catechulannic  acid  contains  G'*H"0'. 
lULC  acid  scftena  when  heated,  and  fields  by  distillation  a  yeUow  empy- 

together  with  a  vatei;  liquid  which  girea  a  gresnish-grey  predpitala 
alts,  and  is  mloured  brown  by  alkalis. 

ODof  catechu-tjiniiic  add  alters  quickly  by  ciposorB  to  the  air,  becoming 
ring  on  eTapantion  a  substance  wliidi  no  longer  re-dissolves  completaly  in 
>nling  to  DelSe.  catechin  is  one  of  the  products  of  the  decompoaitioii. 
of  catechutsnuic  acid  are  loo  unstable  to  be  prepared  in  tbe  pure  state. 
ra-ja/f  is  TeiT  soluble,  and  precipitates  gelatin  after  addition  of  an  acid, 
lannates  of  the  earth-metals  and  hesry  metals  form  sparingly  soluble  pre- 

3f  this  plant,  called  £d^  by  the  Arabs,  are  brouaht 
laid  to  produce  aleeplemess  and  an  agreeable 

WDteDl. 

BTZVi  The  purgative  prindple  of  nenna  (the  leaves  and  &uita  of  severaL 
be  genus  Ciutia,  order  Ltguniinoia).  It  is  prepared  by  evaporating  the 
tract  of  senna,  redissolriag  in  water,  predpilating  with  acetate  of  lead, 
ie  excess  of  lead  from  the  solution  by  nilphurettcd  hydrogen,  and  erapo- 
Itrate.  It  is  s  brownish  Vellow,  uncryBtalliBable,  diaphanous  mass,  soluble 
i  alcohol,  insoluble  in  euer ;  its  taste  is  bitter  and  dimusting.  By  dry 
t  yields  products  tree  from  nitroi^n.  Alkalis  turn  it  brown;  with  sub- 
lad  and  tincture  of  sails,  tt  forms  yellow  precipitates  (Lassaigns  and 
Ann.Ch.Phys.[2]ivi.  18).  Winck]er(Jahr(i.pr.Phann.iix.  22S)  applies 
'hartin  to  a  bitter  subetann  contained  in  tbe  berries  of  the  bnckthorD 
tthertitvi).     (See  'RKtJtso-CxTmjiXiai.) 

DM,  or  Katkodt. — Faradajy'B  term  for  the  negative  pole  or  elaetrode  in  th* 
it,  the  dsmente  there  ehminated  being  called  Mtitnw,  « ifcatfMH,  (8m 
«-) 
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C  ATLINITE — CELLULOSE. 


A  reddish  day  Btone  from  the  Gotean  de  Pniiri^  wwt  of  thtf 
Mississippi.    (JHckson,  SiiL  Am.  J.  zzzt.  S88.) 

CAT*S  BTB.  A  translucent  quarts  of  beaatifiil  appearance  brought  from  Ceylon. 
Its  colours  are  gr^n,  grey,  brown,  and  red  of  various  shades.  Wactnre  imperfectly 
concboidal.  Tnmslucent  with  Titreous  internal  lostre.  It  deriyes  its  name  from  a 
pecidiar  play  of  light  {ehaioyant),  arising  from  fibres  interspened.  It  scratches  qtuotz, 
is  easily  broken,  and  resists  the  Uowpipe.  Specific  gravity  2*64.  Contains,  aooording 
to  Klaproth,  96  per  cent  silica,  1*76  alnmina,  1*6  Ume,  and  026  oxide  of  iron.  It  in 
valued  for  setting  as  a  precious  stone.  IT. 

OAtr&OPBTXAZV.  A  resinous  medicinal  preparation  obtained  in  Korth 
America  from  CatUophyllum  Halictrcndes.    (Buchner's  N.  Report  vi  188.) 

C AVSTZCXTT.  The  quality  possessed  by  strong  alkalis,  acids,  nitrate  of  nl- 
ver,  &C.,  of  corroding  the  slan  and  flesh  of  animals.  In  the  old  language  of  suigeiy, 
caustics  were  divided  into  the  actual,  such  as  red-hot  iron  and  moxa,  and  the  poten- 
tial, such  as  the  above-mentioned  preparations. 

CAVO&nrZTB.    See  Ne?hblin. 


A  miner's  term  for  native  sulphate  of  barium. 

OZ&  OT  (not  to  be  confounded  with  Oleum  de  eedro,  which  is  one  of  tho 
names  of  oil  of  citron). — A  volatile  oil  obtained  from  the  wood  of  the  Virginian  cedar. 
Juniperus  VirffinianOj  which  is  used  for  makin|r  pencils,  and  owes  its  sgreeable  odour 
to  this  oil  It  is  a  soft  semi-solid  mass,  consisting  of  a  liquid  hydrocarbon,  cedrene, 
C**H*\  and  an  oxygenated  camphor  or  stearoptene,  containing  C'*H"0. 

To  obtain  the  camphor,  the  crude  oil  is  distilled ;  the  disollate  is  pressed  between 
linen  or  calico,  to  free  it  from  the  greater  portion  of  the  liquid  cedrene  which  adherps 
to  it,  and  then  erystallised  from  alcohol  of  ordinary  strength,  which  retains  the  rest 
of  the  cedrene  in  solution. 

Cedar-camphor  thns  purified  is  a  ciystalline  mass  of  great  beauty  and  lustre,  having 
an  aromatic  odour,  like  that  of  pencil-wood,  but  not  much  taste.  It  melts  at  74°  0. 
and  boils  at  282^.  Yapour-densitv  »  8*4.  It  dissolves  very  sparingly  in  water,  but 
freely  in  alcohol,  whence  it  crystallises  in  needles  having  a  silky  lustre.  It  gives  by 
analysis,  81  per  cent  carbon  and  11*8  hydrogen,  agreeing  with  tke  preceding  formula ; 
hence  it  is  isomeric  with  camphor  of  cube&  (q.  v.)  By  distillation  with  phosphoric 
anhydride,  it  is  resolved  into  water  and  cedrene,  C'»EPK)  «  C*»H»*  +  HK).  With 
pentachloride  of  phosphorus,  it  yields  an  aromatic  substance,  which  has  not  yet  been 
analysed.  Strong  sulphuric  acid  colours  it  strongly  and  separates  an  ambernsolonred 
oil  (Walter,  Ann.  Ch.  Fhys.[3]  I.  1.  498).  Accoroing  to  Bertagnini  (Compt  rend. 
XXXV.  800),  oil  of  cedar  combines  wth  the  acid  sulphites  of  the  alkali-metals. 

CBD&BWS>  C^'H'^ — ^This  body  is  produced  from  the  concrete  portion  of  cedar* 
oil  by  the  action  of  phosphoric  anhydride.  It  is  oily,  aromatic,  and  has  a  peppery 
taste.  Specific  gravity  0*984  at  16^  C.  Boils  at  248°.  Vapour-density  7*6  (4  vol) 
(Walter,  loc.  cit.) 

See  Cbdbon. 


One  of  the  products  obtained  by  Reichenbach  (J.  pr.  Chem.  L  1) 
from  the  tar  of  beech-wood;  said  to  crystallise  in  fine  needles.  Volcxel  (Ann.  Ch. 
Fharm.  Ixxxvi.  331)  was  not  able  to  find  it 

CBB&OV.  Simaba  Cedron  (Flanchon). — ^A  tree  which  grows  in  the  hottest  parts 
of  New  Granada,  and  bears  fruits  resembling  the  bean  of  St  Ignatius ;  they  have  a 
bitter  taste,  and  are  used  in  that  country  as  medicine.  Ether  extracts  from  them  a 
neutral  crystallisable  fat,  insoluble  in  cold  alcohol.  The  fruit,  sAer  exhaustioii  with 
ether,  yields  to  alcohol  a  crystallisable  substance,  cedrin,  which  Lewy  regards  as  the 
active  principle  of  the  fruit  Cedrin  is  roaringly  soluble  in  cold  water,  more  soluble  in 
boiling  water  and  in  alcohol,  and  cr}'Btallise8  from  the  solutions  in  silky  necKlles.  It 
is  neutral,  and  has  an  intensely  and  persistently  bitter  taste.  (Lewy,  Compt  rend. 
xxxii.  510.) 

CB&8BTXir.    Syn.  with  CoBLSSTm. 

CB&lbinLZC  ACZD.  Syn.  with  Mbtafbctic  Acid.  (See  Fficno  Aoidl) 
CS:LXiVXiOBS.  C*H'*0\  Lifffiin,  Woody  fibre,  JAgneux,  Z^Utoff,  HansttuelU 
staffs  PJlamenfaserstoff.  (Pay  en,  Prhis  de  Chimie  induatrteUe,  4»»^  ii.ll;Gerh.ii. 
481 ;  6  m.  XT.  123.) — ^This  substance  constitutes  the  essential  part  of  the  solid  framework 
of  plants.  The  cell-walls  in  the  early  stages  of  their  development  are  composed  en- 
tirely of  it,  but  as  the  plant  grows,  they  become  incrusted  with  colouring  matter,  resins^ 
and  other  foreign  substances,  which  in  some  parts,  as  in  the  heart-wood  of  large  trtnii, 
fill  up  the  entire  cavities.  Some  tissues,  however,  consist  almost  wholly  of  cellttloiir, 
e,  g,  the  pith  of  the  rice-paper  plant  (Avsehynomene  paludloM),  and  the  Homy  peri> 
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PTtain  meiB,  u  those  of  the  phjteletdui  or  vegetable  iTorr,  tbe  date-tree, 

,  Stc  ScTtnl  miDufui^tared  Teget&blo  bbrics,  M  Mtton,  Ldgd,  hemp,  uid 
le  paper,  comirt  of  cellulcwa  tbiv  newly  pore, 

hu  iliH)  been  naid  to  pxist  in  the  animal  kingdom,  eonititating  the  chief 
iMiitle  of  moUuBca.  and  according  to  Frimy,  ca  the  testa  or  integument  of 
cnislacea  ;  f^om  the  analjgii  of  other  ehemiita,  bowerer,  these  sabstaseea 
B  nitrogrnons  (tte  Cuitin).  AccoidiBg  to  Tirchov  (CompL  rend,  xnri, 
allnloie  ie  found  in  di^rnemled  human  ipleen  and  in  certain  parts  of  the 

rit  laethod  of  obtaitiiii^  pom  ceUnloss,  is  to  vash  white  cotton,  muized 
linen,  or  elder-pith,  mth  a  hot  eolntion  of  eanstio  potash  or  soda,  then 
Qnte  hydroeUonc  acid,  then  with  ammonia,  waehina  thorooghl]'  wtth  water 
ipUcation  of  ea^h  of  these  reageuta,  and  lastly  with  alcohDl  and  ethsr ;  it 
ceesary  to  repeat  this  HerieB  of  operations  two  Or  three  timna.  To  obUin 
so  from  wooA  it  is  necessary,  sftar  boiling  the  wood  with  potash  till  the 
DOBt  dry,  to  treat  it  with  cblorine-wHter  or  with  aweakaolntion  of  chloride 
leuting  these  saccessiTe  operations  sereral  time^  in  order  to  ftae  the  eellnlar 
the  encrusting  matter  which  is  so  intimatdy  onited  with  iL  The  Tege- 
.'_  .1. . — of  herbiTorcos  animala  ftamiah  a  eonrenieut  aonree  of 


o  pori^  than  the  tissae  of  the  plant  in  ite  natoral  stale. 
tho*  pnrifled  is  while,  tnnslnceDt,  of  specific  gran^  abont  I'G,  inaolnble 
Mhol,  ether,  and  oils,  both  flied  snd  Tolatile.  When  qnits  pnre^  it  is  on- 
.  the  air :  but  as  it  exists  in  wood,  in  contact  with  aiotised  and  other  easilj 
atten.  it  gradually  decomposes  in  moist  air,  undergoing  a  slow  comboatioB, 
SDTerted  into  a  yellow  or  brown  friable  SBbstance  call^  Imickvmod, 
e  of  aggregation  of  cellulose  yari«i  with  its  origin.  In  its  less  compact 
a  Iceland  mens,  it  is  easily  disintegrated  by  boiling  with  vaier,  and  con- 
a  soluble  autdtancc^  tii.  dextrin ;  bat  in  its  ordinary  danaer  form,  as  in 
,  eoCtoit,  &C.  it  resista  the  action  of  water,  and  even  of  more  energetic 
r  a  long  time. 

lipkunc  and  pimphoric  add  disintegrate  cellulose  at  ordinary  temperetures, 
t  it  into  dextrin,  a  substance  isomeric  with  cellalose,  without  colouring 
ir  be  then  added  and  the  mixture  boiled,  the  dextrin  is  converted  into 
lis  itrips  of  paper  or  linen,  triturated  with  strong  aulphnric  acid  added  drop 
e  ConTerted,  after  some  time,  into  a  viscoua  maaa  consisting  of  deitrio,  and 
this  mass  with  water,  it  acqiures  the  property  of  reducing  copper-salts  in  pre- 
atkali,  and  after  some  lioore'  boiling  is  completely  conTerted  into  elucoie. 
paper  plunijcd  for  a  few  seconds  into  sulphuric  acid  diluted  with  half  to  a 
bulk  of  water,  and  then  washed  with  weak  ammonia,  undergoes  a  very  re- 
Iteration,  bein^  converted,  without  change  of  eompoeition,  into  a  tough  sub- 
much  resembling  animal  parchment,  and  applicable  to  the  same  pomoses. 
Lion  of  this  remarkable  rabstance  wbs  first  noticed  in  1847,  by  Uessn. 
and  Figuicr,  who  gave  to  it  the  name  of  Fapyrin.  The  discovery  re- 
wever,  without  practical  application  till  the  year  18S7,  when  it  was  again 
to  notice  and  p;itented  in  this  couDtiy  by  T&t.  W.  E.  Gains;  and  the  ma- 
id Vfffttable  parciment.  or  parchment  ^per,  is  now  manufiurtnred  in  larga 
r  Messrs.  De  la  Hue  and  Co.  Besides  its  application  to  the  same  purposea 
f  parchment,  it  is  largely  used  (or  covertug  pots  in  which  prceerrea  and 
kept,  and  for  making  shlrt-coUan,  imitation  lace,  &c.  Sk.  ;  it  is  also  veiy 
M  laboratory,  for  connecting  pieces  of  apparatos  in  distillatloDi,  and  as  sa 
;  membrane  in  eiperiments  of  difihsion,  osmoee,  &&  That  it  should  hare 
^  long  unnoticed  alter  its  flr§t  discoTery  is  probably  due  to  the  cireamstance 
■s.  I'onniflride  and  Fignier.  in  preparing  it,  aaed  strong  snlphnric  arid,  nf 
ivity  r841 ;  and  it  has  since  been  found  that  the  material  thus  produced, 
isessing  the  general  characters  above  described,  is  not  nearij  so  tenacious 
Gained  with  add  diluted  to  the  extent  already  mentioned.  (Hofmann, 
harm.  cdi.  243.) 

I  (linen,  for  example),  boiled  for  a  short  time  with  nutjtrattll/  dilule  (uf- 
nilHc  acid,  is  converted  into  a  pulpy  mass,  which  still  exhibits  the  compv 
Julose,  and  does  not  dissolve  sensibly  in  water.  Strung  hoUing  hydroeUoric 
Is  eelluloee  into  a  fine  powder,  without  change  of  oompoeitii^.  ModmUilf 
•k  acid  converts  eelluloee  into  a  niOo-substitut ion-product,  resembling 
CTH^NO')0' (j.ti)  Withwtys(twi^nMrMaeMl.oramiitureofstrongni/f*f 
riD  acidi,  higher  substitiitiDn -products  are  formed,  via.  C*H\KO')H>'  and 
O*  called  gun-cot  toil,  or  pyroxylin  (j.  ».) 


h20  CELTIS  — CEM  KNT. 

Caustic  potash  or  /toda  disintefrrat^s  ccllnloso  l)ut  slowly,  and  wjfli  the  more  compact 
rarioties  the  etfoct  is  merely  superficial.  When  equal  part*  of  p«>tAsh  nud  eelluL^*«^ 
moistened  with  waiter,  are  heat^  in  a  closed  ressel,  hydrogen  is  evolvetl,  and  wood- 
spirit  distils  over,  while  formic,  acetic,  and  carbonic  acida  are  ppoduc€?d,  and  remain 
with  the  alkali.     Melted  hydrate  of  potassium  converts  cellulose  into  nalic  acid. 

Cellulose  in  all  its  forms  is  immediately  blackened  hy  fluoride  of  honn. 

When  chlorine  (jas  Ls  parsed  into  water  in  which  cellulose  is  suspended,  the  cellulose 
is  rapidly  oxidisfnl,  with  evolution  of  carbonic  acid ;  the  same  effect  is  pi'odnced  on 
gently  heating  cellulose  with  the  solution  of  a  hypochlorite  :  hence  in  bleaching  c«)tt*«n 
or  linen  fabrics,  paper^pulp,  with  hypochlorites,  &c^  great  care  most  be  taken  not  to 
use  too  strong  a  solution. 

Cellulose  in  its  more  compact  forms  is  not  coloured  by  solution  of  iodine  ;  but  if 
previously  disintegrated  by  sulphuric  acid  or  caustic  alkalis,  it  produces  a  violets  blue 
colour  with  iodine.  In  this  manner,  cellulose  may  b«  detected  in  vegetable  lit<?«u»»s 
under  the  microscope.  Some  lichens  and  algae,  Iceland  moss  for  example,  give  the  blue 
colour  with  iodine  after  being  boiled  with  water. 

Solution  of  Cellulose. — Cellulose  dissolves  completely  in  an  ammoniacal  solution  of 
oxide  of  copper.  This  solvent  may  be  prepared  by  passing  air  freed  from  carU^nic 
acid  into  a  bottle  filled  with  copper  turnings  and  half  filled  with  ammonia:  or  by 
placing  copper  turnings  which  have  been  oxidised  on  the  surface  by  heating  tliem  iu 
the  ail*  and  then  reduced  by  dry  hydrogen,  in  a  tall  glass  vessel,  and  causing  aznrooiiiH 
to  drop  through  them  into  a  bottle  placed  below ;  or  again,  by  directly  dissolvirii^ 
oxide  of  copper  in  ammonia.  Silver-paper,  or  thin  filtering-paper,  dissolves  in  thi» 
liquid  after  a  while,  forming  a  syrupy  solution,  which  may  be  filtered  after  dilution 
with  an  equal  bulk  of  water.  On  mixing  the  liquid  thus  formed  with  excejw?  of 
hydrochloric  acid,  the  cellulose  is  precipitated  in  amorphous  fiukes,  which,  after  washin-^ 
with  water,  are  colourless  and  quite  free  from  copper.  Even  in  this  finely  divided  atat**, 
cellulose  is  not  coloured  blue  by  iodine,  unless  it  be  first  subjected  to  the  action  of 
strong  sulphuric  acid.     (Pa  yen.) 

Several  substances  obtained  from  the  solid  tissue  of  plants,  and  formerly  rec:;4rd»Hi 
as  distinct  proximate  principles,  are  now  known  to  be  mere  modifications  of  cellulose; 
e.  g.  fungin^  from  fungi,  medidlin,  from  the  pith  of  various  trees,  &:c.  liordeiity  from 
barley,  is  a  mixture  of  cellulose  with  starch  and  a  nitrogenous  body. 

CaiiTX8«  The  fruit  of  Celtis  orientalis  contains  71  per  cent,  of  fleshy  pericarp,  ami 
28-3  seeds,  the  latter  consisting  of  67*3  husks,  and  32*7  kerael ;  100  pta.  of  the  keniels 
contain  15-2  pts.  oil,  and  45*6  ash,  of  which  40*4  pts.  consist  of  carbonate  of  calcium, 
and  4'4  of  silica. 

CBMJSVT.  The  term  cement  is  applied  to  any  substance  capable  of  holding  to- 
gether the  surfaces  of  two  bodies  without  mechanical  rivets.  Cements  may  be  dividftl 
into  two  classes,  stony  cements,  and  those  of  a  resinous  and  glutinous  character. 

1.  The  chief  stony  cements  are  common  building  mortar,  a  mixture  of  lime  slaked 
to  a  creamy  consistence,  and  sharp  sand,  which  hardens  partly  by  drj'ing,  partly  by 
absorption  of  carbonic  acid  from  the  air;  and  hydraulic  mortar,  or  Uoman  Ceme-nt,  a 
mixture  of  slaked  lime  with  anwrphous  silica, -which  hardens  underwater  to  a  compact 
mass  of  hydrated  silicate  of  calcium.     (See  Silicates  of  CALCtLTtf.) 

The  mastic  cnnmt  of  London,  much  employed  for  giving  to  brickwork  the  hardnews 
and  appearance  of  stone,  is  composed  of  oolitic  limestone,  chiefly  that  of  Portland, 
finely  ground,  mixed  with  sand  and  litharge,  and  made  into  a  loosely  coherent  p;u«ite 
with  linseed  oil,  either  raw  or  boiled-  The  oil  is  extemporaneously  mixed  by  the 
workman  with  the  cement  powder  on  a  board  by  a  trowel,  and  phisten3d  thinly  and 
smoothly  over  bricks,  laths,  or  any  surfaces  which  are  to  resemble  stones.  The  fine 
dust  produced  by  sawing  stone  slabs,  is  said  to  answer  a  like  purpose,  when  mix^d 
with  litharge  and  oil.  Analysis  shows  that  the  said  mastic  is  composed  of  35  pts.  of 
siliceous  sand,  62  of  limestone,  and  3  of  litharge.  These  proportions  may,  however, 
be  somewhat  varied  without  injury.  Too  much  limestone  impairs  the  hardness  of  the 
cement ;  too  much  sand  makes  it  porous.  For  every  100  pts.  of  such  a  mixture,  about 
7  of  oil  are  required.  As  this  compost  is  friable,  it  may  be  made  more  ductile  by 
keeping  it  compressed  in  moulds,  for  a  little  time  before  spreading  it  by  the  trowel. 
The  surface  to  which  it  is  to  be  applied,  must  be  cleaned  and  oiled  beforehand  with  a 
brush.  It  is  particularly  useful  in  closing  fissures  in  buildings,  and  preventing  the  in- 
gress of  moisture  through  seams. 

2.  Resinous  and  glutinous  cements  are  of  many  diflferent  compositions.  Bovin  and 
beeswax  melted  together,  and  thickened  with  more  or  less  fine  brickdust^  serve  for 
cementing  glass  and  metal  works.  Asphalt  mixed  with  chalk  in  due  proportion  has 
been  used  extensively  for  paving  streets  and  terraces.  The  bitumen  of  Seyssel  and 
Ijobsiiun  in  France,  has  been  largely  employed  for  this  purpose.  The  compost  rr^nderod 
nearly  fluid  by  heat,  is  applied  to  bodies  dried,  and  if  convenient,  previously  heated 
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ltd  vith  wnd,  fotmi  a  bid  rompomtioii,  vfaich  becomes  friable  uhI  porous 
to  weather. 

eight  part«  of  main,  and  oae  of  wax,  melted  together  utd  mixed  with  u 
it;  of  plaster  of  Farie,  tons  a  teij  good  cement  to  mule  piecea  of  Derby- 
IT  other  ■lone.  The  itone  ehould  be  made  bot  euoagh  to  melt  the  cement, 
XB  should  be  preued  together  uh  cloaelj  aa  poaaible,  so  aa  to  leave  oa  little 
if  the  cement  between  them:  this  is  a  general  rale  in  cementinK,  as  the 
I  itTanim  of  cement  interposed,  the  Bnner  it  will  hold.  Melted  aolphur 
I  aame  vbj  will  anawer  anffldently  well,  if  the  joining  be  not  required  to 

met  happens,  that  jewellera,  in  setting  predons  stonea,  break  off  pieces  by 
Qthis  case  the;  join  thent,ao  that  it  cannot  be  eadlv  seen,  with  gum-mastio, 
wing  previoiuly  made  hot  enough  to  melt  it.  By  the  same  medium,  nuneo* 
UBtJ  or  colourad  gliaa  are  often  joined  to  a  real  Hone  aa  a  gionnil,  to  pro- 
peuance  of  an  onyx.  Mastic  is  likewise  used  tfl  cement  lalsa  badu  or 
stones  to  sltar  their  hue. 

Uers  in  Turkey,  who  are  fenerelly  Armeniana,  ornament  watch-cases  and 
its  with  gems  t^  glueing  them  on.  The  alone  is  eet  in  eilrer  or  gold,  and 
f  l^e  Betting  made  flat  to  correspond  with  the  part  to  which  it  is  to  be 
I;  is  then  fixed  on  with  the  following  cement :  lamglass.  soaked  in  water 
1  up  aod  becomes  soft,  ie  diaaolTed  in  i'rench  brandy,  or  in  nun,  so  as  ti 
]g  glue.  Two  small  bila  of  gam  gidbannm,  or  gam  ammoniacum.  are  dii- 
ro  ounces  of  this  by  trituration ;  and  fire  or  six  bits  of  mastic,  ua  big  a. 
I  dissoWed  in  as  much  alcohol  aa  will  render  them  fluid,  are  to  be  mixed 
f  means  of  a  gentle  heaL  The  cement  is  to  be  kept  in  a  phial  cloaaly 
be  liquefied  by  immening  the  phial  in  hot  water. 


n  of  tthellac  in  alcohol,  added  to  a  aolutioa  of  isinglass  ia  proof  spirit, 
her  cement  that  will  resist  moisture. 

mmmon  glae  melted  without  water,  with  half  its  weight  of  rosin,  with  the 
a  little  red  ochre  to  give  it  a  body.    This  i*  particuUrly  oaefnl  for  cemeot- 
a  their  ftames. 
oxide  of  iron  mixed  with  oil.  are  said  to  form  a  cement  that  will  harden 

cement,  insoluble  in  w»tcr,  ma;  be  made  &om  cheese.  The  cheese  should 
ikimmed  milk,  cut  into  alices,  throwing  awsr  the  rind,  and  boiled  till  it  be- 
ans glae,  which,  however,  does  not  dissolve  in  the  water.  This  water  being 
it  u  to  be  washed  in  cold  water,  and  then  kneaded  in  warm  water.  This 
3  be  repeated  aereral  timta.  The  glue  ia  then  to  be  pot  warm  on  a  loTigat- 
nd  kneaded  with  quick  lime.  This  cement  may  be  used  cold,  bat  it  ia  better 
;  it  will  join  maibla,  stone,  or  earthenware,  so  that  the  joining  is  scarcely 

Dsead  oil,  litharge,  red  lead,  and  white  lead,  mixed  together  to  a  proper 
,  and  applied  on  each  side  of  a  piece  of  flannel,  or  even  linen  or  paper,  and 
1  two  pieces  of  metal  before  they  are  brought  home,  or  close  together,  will 
«  and  durable  joint,  that  will  reeiat  boiling  water,  or  even  a  conndoable 
'  ateun.  The  proportions  of  the  ingredienta  are  not  material ;  but  the 
id  lead  predominates,  the  eooner  the  cement  will  dry,  and  Ihs  more  the 
eontiBiy.    This  cement  answers  well  for  joiaing  stones  of  large  dimeo- 

wiog  is  an  excellent  cement  for  iron,  as  in  tine  it  onitea  with  the  metal  into 
-Take  two  ouncea  of  aal-ammoniac,  one  of  floar  of  aalphur.  and  sixteen  of 
inga  or  boringa.  Mix  them  well  in  a  mortar,  and  keep  the  powdcc  dry. 
cement  is  wanted  for  oae.  take  one  part  of  this  mixture,  twenty  parts  of 

mringa  or  filings,  grind  them  together  in  a  mortar,  mix  them  with  water  to 
msislence.  and  apply  (hem  between  lie  joints. 

d  quick  lime  mixed  with  bullock's  blood,  ia  oilea  used  by  mppersmitha  to 
B  nreta  and  edges  of  sheets  of  copper  in  large  boilers,  as  a  security  to  the 
md  sl»  to  prerent  ooi^  from  leaking. 

I  of  clay,  one  of  iron  Slings,  and  Unseed  oil  snfBdent  to  form  a  thick  paste, 
d  cement  for  stopping  cracks  in  iron  boilers. 

ry  cements  are  wanted  in  cutting,  grinding  or  poliahing  optical  glassea, 
Tirians  small  artidea  of  jeweUery,  which  it  is  necessary  to  flx  on  blocks,  oi 
r  thn  pnrpoee.  Four  ounces  of  roain,  a  quarter  of  sn  ounce  of  wax.  and  lour 
rhiting  made  preriously  red-hot.  form  a  good  cement  of  this  kind,  aa  any 
te  articles  may  be  fiiatened  to  it  by  heatinf-  them,  and  romoTed  at  ploa- 
j  same  manner,  though  they  adhere  very  firmly  lo  it  when  cold.  Pilch, 
3  u  3 
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rosin,  and  a  small  quantity  of  tallow,  thickened  vith  brick-dii8t»  is  mocfa  used  at 
Birmingham  for  these  porposes.  Foot  parts  of  rosin,  one  of  beeswax,  and  one  of 
Drickdiut,  likewise  make  a  good  eement,  which  answers  eztremelr  well  for  flxini; 
knifes  and  foiks  in  their  hafts ;  but  the  manofactarers  of  cheap  articles  of  this  kmd 
too  commonly  use  rosin  and  farickdost  aloneu  On  some  occasions,  in  which  a  very 
tough  cement  is  requisite,  which  will  not  crack  though  exposed  to  repeated  blows,  as  in 
fniy^itig  to  a  block  metiJlie  aitides  that  ai«  to  be  cut  with  a  hammer  and  punch, 
workmen  usually  mix  some  tow  with  the  cement,  the  fibres  of  which  hold  its  parts 
together, 

Excellent  water-proof  oementi  are  made  from  caoutchouc  (p.  739). 

The  following  oompositioii  is  a  good  cement  for  electrical  apparatus : — Tire  pounds 
of  rosin,  one  <^  beeswax,  one  of  red  odire,  and  two  table  spoonfols  of  plaster  of 
Paris,  flJl  melted  together.  A  cheaper  one  for  cementing  voltaic  plates  into  wooden 
trou^is  is  made  with  six  pounds  of  rosin,  one  pound  of  red  ochre,  half  a  pound  of 

flaster  of  Paris,  and  a  quarter  of  a  pint  of  linseed  oil.    The  ochre  and  plaster  of 
^aris  should  be  well  dried,  and  added  to  the  other  ingredients  in  a  melted  state. — U. 
(See  Ur^s  Dictionary  of  Arts,  Manufaeturea  and  Mines^  L  641). 

cnmWTATZOV  is  the  process  by  which  one  solid  is  made  to  penetrate  and 
combine  with  another  at  a  hi^h  temperature  so  as  to  change  the  properties  of  one  of 
them,  without  liquefoction  taking  placie,  being  an  exception  to  the  general  chemical  rule, 
that  bodies  do  not  mutually  act  on  each  other  unless  when  one  or  mora  of  them  is 
fluid.  The  oonyersion  of  iron  into  steel  by  absorption  of  carbon  into  its  inmost  sub- 
stance, from  a  mass  of  ground  charcoal  in  which  it  lies  embedded  while  exposed  to 
strong  ignition,  is  one  of  the  best  examples  of  this  process.  A  like  change  takes 
place  on  palladium,  iridium,  and  platinum,  in  contact  with  charcoal  or  silica  at  a  high 
heat.  When  a  compact  mass  of  the  oxide  of  nickel  or  iron  is  ignited  in  a  crucible 
lined  and  corered  with  charcoal,  the  carbon  exerts  its  deoxidating  and  metallisinG: 
power  to  the  Tery  centre.  The  same  phenomenon  occun  with  compact  sulphate  of 
potassium  or  sodium  encased  and  heated  to  redness  in  charcoal,  these  salts  being  thereby 
conrerted  into  metallic  sulphides.  These  transformations  hare  been  ascriML  to  the 
progressive  production  of  the  gaseous  oxide  of  carbon,  and  to  its  absoi^on  by  the 
meUls,  or  its  combination  with  the  oxygen  of  the  oxides  or  acids.  U. 

OBMTBVT  COVFBBy  is  the  metal  precipitated  from  the  blue  water  of  copper 
mines  or  works  by  plunging  iron  plates  into  them.    (See  Cofpbk.) 

See  CNiGnr. 


A  hydnted  silicate  of  calcium  occurring  in  kidner-shaped 

lumps,  together  with  other  minerals,  at  Fund^  Bay.  Th^e  lumps  ara  coated  with  a 
greenish  crust  resembling  chlorite ;  below  this  crast  is  a  thin  layer  of  cerinite;  within 
this  the  centrallassite ;  and  the  central  portion  consists  of  Cjranolitei  Centnliaasite  ex- 
hibits a  lamellated  radiating  structnra ;  it  is  white  or  yellowish,  translucent,  brittle,  of 
specific  gravity  2'45  to  2*46,  hardness  8*6,  and  has  an  almost  waxy  lustre.  It  melts  before 
tue  blowpipe  with  intumescence  to  an  opaque  ^lass,  and  forms  clear  beads  with  fluxes. 
It  dissolves  in  hydrochloric  acid  without  jrelatinising.  Its  analysis  is  said  to  agree 
with  the  formula  8ai''0.16SiO*  +  5aq.    (H.  How,  mnb.  N.  PhiL  J.  x.  847.) 

CMWBJLIOB.    See  IrsoAcuAiniA. 


Cerancephalote, — A  name  applied  by  Couerbe  (J.  (Thim.  Med.  x. 
624)  to  a  yellow  elastic  fatty  substance,  insoluble  in  alcohol,  but  soluble  in  ether, 
which  he  obtained  from  the  brain.  According  to  Fr^my  and  J.  R.  Simon,  it  is  a  mix- 
tura  of  the  cerebrates  of  potassium  and  sodium,  with  traces  of  olein  and  oleophosphonc 
acid. 

CBBABZA  nsOATA*  A  plant  indigenous  on  the  coast  of  Africa,  which 
exudes  an  amber-brown  resin  smelling  like  olibanum. 

CBBAZO  ACZB.  An  add  containing  C**H*0',  said  by  Hess  (Ann.  Ch.  Pharm. 
xxviu  3)  to  be  formed  by  oxidation  in  beeswax;  also  supposed  to  be  produced  in  the 
preparation  of  oxalic  or  sac(^Aric  acid  by  the  action  of  mtric  acid  on  wheat-starch ; 
existing  also,  according  to  Oppermann  (Ann.  Ch.  Phys.  [2]  xlix.  240),  in  a  Bnsilian 
wax.    Its  existence  has  not  been  distinctly  proved. 

OaSAIV.  A  name  applied  by  Boudet  and  Boissenot  (J.  Pharm.  xiii.  38)  to 
the  portion  of  beeswax  which  is  sparingly  soluble  in  alcohol,  and,  acoordin^^  to  their 
statement,  is  not  saponified  by  potash.  It  appears  to  be  chi^y  impure  myncin,  inas- 
much as  that  body  is  not  quite  insoluble  in  alcohol 

OXKAWOBFHA&OT&    See  Cuphalotb. 

CMBJkMTSC  ACm.  An  acid  found  by  Braconnot  (Ann.  Ch.  PfajB.  [8]  xxi. 
484)  in  the  fod  taken  out  of  an  antique  lamp,  probablv  of  the  fourth  centurv.  Thin 
material  was  partly  soluble  in  boiling  alcohol  of  36°.    Thci  solution  on  cooling  oepoaited 
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r  snbaluiMi  metting  >t  6t°C.,  pnibablf  errin:  and  tli«  alcoholEc  motber 
ed  >  TOlHtanee,  vbtdi  remained  aft«c  crspontian,  u  n  white,  bard,  brittl< 
R  at  61°  C. ;  its  aleoholii:  ftolatioii  ivddened  litmog,  and  bj  Blow  eripora 
A  tmaH  granulu'  oyitala.  Thii  more  folnblp  xubstonce  Brsconnot  deaig 
Ht  acid.  The  portion  ioaolablp  in  boiling  alcohol  contained  mjricin. 
or.  The  gum  which  endcs  tram  the  cherrf-tree,  plum-Crce,  and  other 
familj  is  ani;  putl;  solable  in  wat«r.  The  solnble  portioD  nhibita  th 
rinbio  ;  thcremaiuine  poitioii,' which  ii  called  cerOMin,  Hierelj  Bwelle  opii 
uin  ia  colonrl^  ■enu-tnnspsrent,  taitcless,  and  inodorous ;  easilj  pul 
TjitalliBable,  insoluble  in  water  and  in  alrchol,  not  maeeptible  of  ^r.i 
lation.  Treated  with  nitric  acid,  it  jields  ISSp.  c  mucic  acid.  Accordia 
ompt.  rend.  xliv.  144)  ordinal^  gum  antbio  u  wnTerted  inlo  initalab] 
heat  nt  IdV  C.  This  arliectal  crrasin  is  recoDTnted  iuto  a  soluble  goi 
1  boiliag  with  water,  but  again  becomes  iaBolnble  vhea  heated  to  150°. 
am  or  tlBWOITB.    Sjn.  with  Hobm  Lsin. 

IS.     The  wood  of  Cn-iuut  an'uin,  the  bird-cherry,  containi  0-28  per  cent 
17  per  cent,  of  ash.    The  cnngtitueats  of  these  aahea  are  aa  fbUowi : 
KK)     Na'O    Oa"0    Mg^  FeKf  PW    SO*    SiO"        CI 
.     2S'9       10-4       3fi'8       114       0-1        9'S       41       25       trace 
7-8       US      447        6*       0-2      8-i      0-9    21-3        0'4 
i  trtnt  of  C.  caproniana  contains  a  large  qnantitr  of  malic  Add. 
In  ia  known  io  Naplea,  and  C.  virginiana  in  North  America,  as  deleterioni 
E.    A  niiitnre  of  wax  with  oil  or  Urd.  used  by  mrgeona  to  acreen  ul 
uva  from  the  air.    Sometimes  water;  liquids  an  incorporated  with  thi 
■oetate  of  lead  in  leod-eerate.  D. 

■TT&    Syn.  with  Nefhbiti. 

LZX.  A  nitTogoDOUB  mbatance  closely  resembling  diaatlM,  obtained  b; 
iriis  (Compt.  tend.  mni.  3fil ;  inriii.  S0( ;  xliL  1122;  ilviii.  43l" 
Iran.  It  is  contained  in  the  epiiperminm,  the  aizth  membrane  of  the  seed 
om  without,  and  pom  eases  the  power  of  cocTertins  starch  into  dextrin 
ictic  add.  The  brown  colour  of  bread  made  with  flour  containing  brai 
»  chiefly  due  to  the  decomposition  of  a  portion  of  the  flour  by  the  cercalii 
■re  Bbud,  ^.  6SS,  SSO).  Stiff  atarch-paate  u  quickly  coDTerted  ioto  i 
ly  an  infusion  of  bran  at  40"  or  60°  C. 

eenalin,  bran  is  treated  for  six  honn  with  dilute  alcohol,  the  i««dn< 
.  this  treatment  repeated  three  times;  whereby  the  bran  il  Iteed  fron 
itrin,  while  the  cere^n  remains  unaltered  and  andissalTed.  On  trealinj 
»ith  water,  tie  cerealin  is  dissolved,  and  the  squpoua  solution  eraporatei 
iVes  it  in  the  form  of  an  amorphans  albuminoid  substance  easily  soluble  ii 
ible  in  alcohol,  ether,  and  oils.  The  solution  coscnlatn  at  7£  C.,  also  o: 
ilcohol ;  it  is  precipitated  in  Sokes  by  dilute  acids,  not  altered  by  nentm 
pecoliar  action  on  atateh  ia  prerented  by  the  preflenee  of  alkalia  Cerealii 
ited  is  no  longer  soluble  in  acids  or  fclkAl^w,  but  still  poasesaes  the  power  c 
t  starch,  though  skiwly.  CeresliD  retains  its  power  of  decomposing  starel 
it  not  at  higher  temnczatares,  whereas  dias^se  does  not  loae  this  powe 
In  other  respects  the  two  bodies  appear  to  resemble  each  other  eiactlt 
;  to  recent  inveadgatioa  by  Monrii^  bran  freed  from  cerealin,  pspeciall; 
VHun,  appcajfl  to  be  more  actire  than  cerealin  itself^  and  poeaeaaea  the  powe 
;  starch  even  at  IMC  C. 

b>.  CtraUia.  Gitrtidt. — Thia  name  is  ^i^tied  to  the  grasses  which  ar 
ir  human  food,  tiz.  wheat,  barley,  rye,  oata,  maiie,  and  rice.  The; 
lost  part  distinguished  by  the  large  qnantitiea  of  slareh,  nitrogenous  com 
phosphoric  add  contained  in  tlieir  seeds,  which  constituents  it  is  the  objec 
<a  to  derelop  as  much  as  possible.  The  sereral  kinds  of  cereal  grain,  ex 
,  contain  nearly  the  same  amonnt  of  nitrogen ;  but  in  wheat-grain,  th< 
matter  (gluten)  posseasea  a  peculiar  adhniTeness.  ariiiog  from  the  present 
na  substance  railed  gliadin,  which  is  wanting  in  the  other  cereals.  It  i 
r  which  renders  wheat'flour  so  peculiarly  adapted  for  th«  mating  of  breai 

numerous  analjiiea  that  bare  been  made  of  the  grain  and  straw  of  thn 
ilect  the  following : 

d  Ogston  have  determined  the  anoont  rf  water  and  ash  in  the  grain 
infT  of  «heat,barley,  oats,  and  rye  with  the  followiDg  resnlta  (Jonmal  of  thi 
aitural  Sodrtj,  m  [2]  593—678 :  Jahrcsher.  f.  Chcm.  1B19,  p.  672): 
3n  4 


TablB  I. — Amounl  of  Water  and  Jth,  4^.  in  CtrcaU. 
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CEREIJRIC  ACID  —  CEREERIN.  829 

^ton  deduce  froin  thoir  Bnalytea  of  the  aah  of  wrGik  tlie  fbUowiiif; 

of  uh  u  not  inflaPDced  in  ui;  definite  raaoQer  by  the  natnra  of  the 
t,  however,  to  be  gteMest  on  cUt  aoila^  leu  on  calcuvone,  and  least  on 
rhe  strongMt  etrair  eontaios  tbe  largest  amount  of  aah.  The  amoiiDt  of 
nff  Tuica  in  invpartioD  to  that  in  the  atrsv,  not  to  that  in  the  grain 
Tbe  ■moont  of  a>h  in  the  graiQ  varies  between  mnth  nsirover  kmilfl 
le  itcaw  or  chaff!  It  niriea  ae  mmh  in  different  umples  of  grain  grown 
111  as  in  Bamplea  from  different  aoila,  and  bean  no  definita  relation  either 
a  vtietj.  But  in  all  csipb  that  ware  eiamined,  the  proportion  of  aah 
(aa  found  to  rai;  InTereely  as  the  total  weight  of  grain  in  the  crop ; 
Id  appear  that  the  amount  of  mineral  conBtituenta  abrtractod  from  the 
in  ia  the  same  whatever  maj  be  the  artnal  weight  of  the  crop, 
e  amount,  but  likewiae  the  composition  of  the  aah  appeal^  to  be  inde- 

natnre  of  the  aoil :  the  predominance  of  anj  constituent,  lime  or  aiiica. 
1  the  >oii  li;  no  means  leads  to  a  predominance  of  that  aame  eonatituent 
Neither  does  it  appear  that  different  baaea  have  unj  tendency  to  replace 

plants.  An  abundance  of  soda  In  the  soil  or  the  manure  doea  not  cause 
like  the  place  of  potuh-  in  tlie  plant.     Other  chemists  have,  however. 


;  GODCliuions  relating  to  thu  point.    (See  Daul 
"      "-'---•-■ -'fDurocher,  "--    "-   "' 
I  the  grain,  a1 
*  deducted,  thi^  remainders  euibit  no  perceptible  difference. 


)env,  CItem. 
Malagnti  ancTDuraeh'er,  Ann.  Ch.  Phjs.  [3]  lir.  2fiT.) 
It  of  aah  in  the  grain,  atiaw.  and  chaff  relate  only  to  tbi 


gntin  of  barlej  and  Oats  differs  &om  that  of  wheat-grain  onlj  in  the 
noont  of  silica  contained  in  the  two  former ;  if  this  be  dedueted,  all  ea- 
ic<e  vanish. 

detaila,  aee  the  names  of  the  levenil  cereals  (Babi.st,  nndet  Bobdsi'm)  ; 
a  Soils  aai  MumBBS. 

[O  ACID.  {Trimj,  Ann.  Ch.  Fhys.  [2]  IvL  168;  v.  BIbra.  t'lr- 
eritiehungen  iieT  dot  GMm  dtr  Jlnacicn  und  der  WirbcllMitrr,  Huiin- 
■A  fattj  iwid  contained  in  the  brain.  It  is  obtained  bj  catling  brain 
a ;  treating  it  repeatedlj  with  boiling  alcohol  to  deprive  it  of  watfr : 
igeatiiig  first  with  cold  then  with  warm  ether;  distilling  off  the  ethrr 
ion;  and  digesting  the  slimv  reeidue  with  a  much  larger  quantity  of 
"ic  acid  then  remains  as  a  sodlum'salt  mixed  with  phoaphate  of  calcium, 
c  acid  in  the  form  of  a  sodiam  and  caliuum-salt,  and  brain -albumin, 
product,  it  is  digested  in  boiling  absolute  alcohol  slightly  acidulated  with 
which  leaves  tba  caldum  and  sodium  undissolved  ita  sulphates,  while 
k(«  up  the  cerebric  and  oleo-phoaphoric  icida,  and  depoa^  them  on 
ly,  the  miitnre  is  washed  with  cold  ether,  which  dissolves  the  oleo- 
d  and  leaves  the  cerebric  add,  which  is  finally  purified  by  recrystal- 
il  timaa  from  bailing  ether. 

:d  has  a  white,  gnmular,  cryslallice  aspect ;  it  is  soluble  in  boiling  al- 
e  in  cold  ether,  easily  soluble  in  bailing  ether;  in  balling  water  it  swells 
lOt  dissolve.  It  melts  at  a  temperature  near  that  at  which  it  begins  U> 
i  when  more  strongly  heated  bums  with  a  characteristic  odour,  leaving 


d  is  a  weak  add,  bnt  nevertheleea  forms  salts  with  all  buM.  Tbe  am- 
inmn-,  and  soJiom-salta  ore  obtained  as  precipitatee,  Dearly  insolable  in 
cing  an  alcoholic  solution  of  cerebric  add  in  contact  wiUi  the  respective 
Id,  Mironlia,  and  liai  unite  directly  with  cerebric  add,  and  deprive  it  of 
tbnning  an  emulsion  with  water. 

!W.  This  name  has  been  applied  to  several  substances  obtained  from 
sroy  in  1TS3  (Ann.  Chim.  ivl  283)  obtained  a  substance  which  was 
1,  bnuD-bt.  or  pbosphoretted  bile-bt,  and  was  probably  a  mixtnre  of 
ric  acid  with  the  snhstanee  which  separates  afler  some  time  from  al- 
1  anatomical  pieparstions  containing  nerves  or  brain  have  been  pre- 
reul  applied  the  same  term  to  a  substance  obtained  from  blood-serum, 
[tnre  of  fata  and  glycerides  containing  phosphoric  acid.  Lastly,  Oobley 
I  iviii.  107)  designates  as  ccrebrin,  a  snlatance  obtained  chiefij  from 
d  agreeing  essentiallj  in  composition  and  property  with  Frfmy's  cere- 
pting  that  it  does  not  exhibit  any  tendency  to  combine  with  bases. 
(Ann.  Ch.  Fharm.  cv.  361)  has  obtained  a  substance  analogooa  to 


«30  CEREBROL  —  CERIN. 

Fremy's  ccrebrin,  by  triturating  brain  to  a  thin  pulp  with  water,  heating  the  niixtitjv 
to  the  boUiiig  point,  and  treating  the  separated  coagulum  with  boiling  alcohol.  The 
alcoholic  extract  filtered  at  the  boiling  heat  deposits  a  mixture  of  cholesterin  and  cere- 
brin,  together  with  other  substances ;  and  on  treating  this  mixture  with  cold  ether, 
cerebrin  remains  behind,  and  may  be  purified  by  repeated  crystallisation  from  boiiiug 
alcohol.  It  then  forms  a  snow-white  powder  composed  of  microscopic  spherulcff,  tigi\-e- 
ing  with  Fr^my's  cerebric  acid  in  most  of  its  properties,  especially  in  swelling  up  in 
water  like  starch,  and  forming  an  emulsion.  It  contains  68*45  per  cent.  carlx>n,  11-20 
hydrogen,  4*61  nitrogen,  and  16*66  oxygen,  whence  MuUer  deduces  the  empirical  fur- 
mula  C'^H'^NO*.  It  does  not  dissolve  in  alkalis  or  in  dilute  acids,  but  lb  decompoHii 
at  the  boiling  heat  by  hydrochloric,  sulphuric,  and  nitric  acid.  The  product  of  its 
decomposition  by  nitnc  acid  is  a  non-azotised  white  waxy  body,  soluble  u  alcohol  and 
ether.  Treated  with  strong  sulphuric  acid  in  the  cold,  it  dissolves  with  dark  purple* 
red  colour,  and  the  solution  mixed  with  a  large  quantity  of  water  becomes  colourlei>s 
and  deposits  a  yellowish,  tenacious,  flocculent  substance. 

It  is  most  probable  that  the  cerebrin  of  Gobley  and  Miiller,  the  cerebrote  of  CouerlK>, 
and  the  cerebric  acid  of  Fremy  and  v.  Bibra  contain,  as  their  essential  oonstitueDt 
one  and  the  same  substance,  which  is  likewise  present  in  cephalote  and  stearocooote. 
(Ilandw.  d.  Chem.  2**  Aufl.  ii  [2]  888.) 

CBABBROZi  (Berzelius).  Eleene-cfrthroUC onerhe). — ^An  oily  reddish  salv- 
stance,  insoluble  in  water,  soluble  in  alcohol  and  ether,  obtained  by  Couerbe 
(J.  Chim.  m^  ii.  766 ;  x.  624)  from  brain.  According  to  Fr^my,  it  is  a  mixture  of 
olein,  oleo-phosphoric  acid,  cholesterin,  and  cerebric  acid. 

CllWini>0»S>TirAXi  niVZll.  A  serous  fluid  contained  in  the  sub-anchnoldal 
cavities,  and  forming  a  liquid  atmosphere  round  the  brain  and  spinal  marn)w.  It 
belongs  to  the  class  of  serous  transudates,  and  is  generally  distinguished  by  its  rerr 
small  amount  of  solid  constituents,  especially  of  organic  matter.  These  constituent'^ 
are  albumin,  traces  of  fat,  extractive  matter,  and  the  inorganic  salts  of  blood-senira. 
It  contains  also  a  substance  which  reduces  cupric  salts,  but  differs  from  glucose  in  not 
being  resolved  into  alcohol  and  carbonic  acid  by  fermentation.  According  to  F. 
Hoppe  (Chem.  ContralbL  1860,  p.  42)  this  substance  is  soluble  in  water  and  in  abso- 
lute alcohol,  does  not  crystallise,  either  ptr  se  or  with  chloride  of  sodium,  is  not  prtHripi- 
tated  either  by  neutral  or  basic  acetate  of  lead  alone,  but  yields  a  precipitate  with  the 
latter  in  presence  of  ammonia.     It  is  decomposed  by  putrefaction. 

Hoppe  and  Schwaberg  analysed  the  cerebro-spinal  fluid  obtained  by  puncturing,  in 

two  cases  of  Spina  bijida  and  two  of  Hydrocephalus  intemuM^  with  the  following  re* 

suits:  — 

SpinA  bifida.  Hfdroeephalua. 

/■  %        /■  *  ■    -> 

L  Puncture.    II.  Puncture.        I.  Puncture.     II.  Puncture. 

Water    .        .        .     989*33         989*80  97901  989*53 

Soiled  matter  .       10*67  10*20  20*99  10*47 

Albumin         .  .  0*25  0-56  11*79  0*70 

Extractive  matter  .  2*30  200  1*32  1*.57 

Soluble  salts  .  .  7*67  7*20  7-64  7*67 

Insoluble  salts  .  0*46  0*46  0*35  0*63 

The  fluids  from  the  Spina  bifida  were  strongly  alkaline  and  perfectly  transpaMif. 
The  first  reduced  cupric  oxide,  the  second  did  not.  The  second  hydrocephalic  liqnil 
also  exhibited  the  reducing  action.  The  greater  amount  of  albumin  in  the  first  hviln)- 
cephalic  liquid  was  due  to  previous  inflammation  of  the  transudent  vessels.  (liaiuiw. 
d.  Chem.  u.  [2]  891.) 

CamBBKOTB.  (Coucrbe,  Ann.  Ch.  Fhys.  [21  Ivi.  164.)  Brain-veax,  Hiru- 
tf'«<'A«(L,  Gmelin),  Markpidver^  Mydocone  (Kiihn.) — A  substance  containing  sul- 
phur and  phosphorus,  w^hich  Couerbe  obtained  by  treating  the  deposit  which  sepctrato 
from  the  alcoholic  and  ethereal  extracts  of  the  brain  with  ether;  cholesterin  then  dis' 
solves,  and  the  so-called  cerebrote  remains.  According  to  Fremy,  it  is  meivly  n 
mixture  of  cerebric  acid  with  small  quantities  of  cerebrate  of  potassium  and  bniu- 
albumin. 

CBBZC  AOZll.  An  acid  obt^iincd  by  treating  cerin,  the  waxy  matter  of  roik, 
with  nitric  acid,  washing  with  water,  dissoh-ing  in  alcohol,  filtering  and  e\ aiorating. 
It  is  a  brownish  diaphanous  waxy  mass,  which  softens  at  a  gentle  heat^  and  melt* 
below  the  boiling  point  of  water,  fcissolvea  readily  in  alkalis.  Yields  empyi*eumatie 
products  when  heated.  Contains  64*2  per  cent,  carbon,  8*8  hydrogen,  and  27*0 oxygen. 
With  acetate  of  lead  it  forms  a  white  precipifcite  containing  61*1  C,  6*9  H,  192  Pb^O, 
and  22-8  0.     (Dopping,  Ann.  Ch.  Pharm.  xlv.  289.) 

C&BZXr.  A  waxy  substance  extracted  by  alcohol  or  ether  from  prated  cork,  t"**' 
viously  freed  from  the  outer  crust.     It  soparates  from  the  bolution  in  yellowish  neeiUfS, 
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I  obtaiDcd  eolonrleai  by  mcrritaViiantion.  Contaiis  H9S  carbon,  lO'SS 
d  144  oijgen,  igweing  neail;  with  the  ompiriaJ  fonniila  C"H'*0'. 
ID  bailing  water  md  fulU  to  the  bottom.  It  ii  not  attacked  hj  boiling 
nm  on  gfowiog  coali,  it  voUtiliaes  like  beeswax,  giving  off  whits  fumes. 
liioa  it  viclda  a  little  add  and  a  larce  qnaatity  of  ui  oil  which  ■oUdifiee 
.  leaves  but  little  eharcoal.     Treated  with  hoi  nilric  acid  it  yields  eerie 

with  oiaUc  and  carbonic  acida.     Cork  contaioa  &om  1'8  to  3'S  per  cent. 

ST.    (CheTrenl,  Aiiii.Chim.zcTi  170;  Bopping,  loe.  oil.) 

*rin  wwi  tin  applied  by  John  to  the  portion  of  beeswax  which  is  aolnbl* 

it  aeeordiog  to  Brodie,  the  Rabitanee  thus  designated  is  merely  impors 

It.). 

or  *''-w-»wT— ■     See  OstMrn. 

r>  A.  TBij  fid  obtained  from  the  lignite  of  Qeiatewits  near  Merseberg, 
inns  abont  IS  per  cent  Contains  76-7  to  78-1  C,  and  Itl  to  12-3  H. 
jnon  temperatures ;  mdts  at  100°  C. ;  sparing;  xjuble  in  alcohol ;  not 
yieldi  a  oyatalline  prodact  by  diatillatiOD.    (Wackenroder,  Ann.  Ch. 


ined.  It  is  found  only  in  an  abandoned  copper  m 
,  Sweden,  occnrring  in  compact  fine-grained  masses  oi  unueuncL  □lacaun 
ilso  in  short  aix-sided  pnama.  Speciflo  gravity  l-SS.  fiardneai  iS. 
}wpipe  it  gives  off  water,  but  does  not  melL  Jt  is  com^leiel;  decomposed 
ic  acid,  leaving  a  rendoe  of  silica.  According  to  Kjernlf  (Ann.  Ch. 
ii  12)  it  does  not  give  off  a  trace  of  chlorine  when  treated  with  hjidro- 
Lnd  conieqnently  the  ceriom  edats  in  it  trholly  as  cemu  oiidd    Kjenilf 

Ce-0      ^'^j  Fe-0     Ca'O     WO     Moff     BiS 
I      6S  07      B12      477      IIJ      629      827      018  =  9927 

nededuced  the  formula  2M'O.SiO'  +  aq.  or  (ItCjiSiO'  +  aq.  It  genentll; 
a  aroall  quantity  of  ytUia, 

:  SytnhU  C&  Alimiti  Weigid  92.— This  metal,  which  was  discorerecl 
iltaneonsl^  by  Ela^th  and  by  Hiiinger  and  Benelina,  exists,  together 
im  and  didymiom,  in  certte,  aljjtnite,  oithite,  ytbocerito,  and  a  few  other 
of  somewhat  rare  occurrence.  The  moat  abundant  of  them  is  cerite  (vid. 
L^ract  the  oiidM  of  the  three  metala.  the  cerite  is  finely  ponnded  and 
ne  faoun  with  strong  hydtochlimc  acid,  or  aqoa-regia,  which  dissolvfethe 
es,  leaving  nothin^bat  sOica.  The  filtered  solution  is  then  treated  with 
IS  of  ammonia,  which  [ovcipitates  everything  bat  the  lime;  the  predpi- 
olved  in  hydrochloric  acid,  and  the  solntion  treated  with  excess  of  oialie 
to  or  faintly  rose-colonred  precipitate  is  then  obtained,  consisting  of  the 
Tinm,  laathannm,  and  didymiam ;  it  is  entdy  at  flnt,  bot  in  a  few  minutes 
talline,  and  easily  settlrs  down.  When  dried  and  ignited,  it  yields  a  red- 
:r,  containing  the  three  metals  in  the  slate  of  oxide.  The  finely  pounded 
so  be  mixed  with  strong  sulphuric  acid  to  the  consistence  of  a  thick  paste,  ' 
^tly  heat»d  till  it  is  coav erted  into  a  dry  white  powder,  and  this  powder 
rhat  below  redness  in  an  earthen  cmcible.  The  three  metals  are  tbos 
le  state  of  basic  salphalea,  which  dissolvs  completely  whsn  Tery  gradoally 
I  water;  and  the  solution  treated  with  oxalic  acid  yields  a  preei{iitate  of 
Lalates,  which  may  be  ignited  ae  before. 

led-biown  miitore  of  the  oxides  of  cerium,  lanthanum,  and  didymiuin 
1,  a  pure  oiide  of  cerium  may  be  prepared  by  either  of  the  fallowing  pro- 
The  miie<l  oxides  are  heated  witJi  strone  hvdroehlorie  add.  which  dis- 
lole,  with  evolution  of  chlorine ;  the  aolntion  is  precipitated  with  exoees  of 
h  ;  and  chlorine  gas  passed  through  the  liquid  with  the  precipitate  sus- 
The  cerium  is  thereby  brought  to  the  state  of  ceroeo-ceric  oxide,  which  is 
ved  in  the  form  of  a  bright  yellow  predpitale,  while  the  lanthsiinm  and 
main  in  (he  stale  of  proloiidea,  anddissalve.  To  enanre  complete  sepam- 
Luge  of  the  chlorine  must  be  continued  till  the  liquid  is  completely  saturated 
the  aolntion,  together  with  the  wecipitate,  left  for  several  honrs  in  a 
ttle,  and  agitat^  now  and  then.  The  liquid  is  then  filtered,  the  waehed 
Tested  with  strong  boiling  hydrochloric  add.  which  diseolves  it  with  evo- 
irine.  and  farms  s  coloorWH  solution  of  protochloride  of  cerium  ;  and  this. 
I  with  oxalic  acid  or  oxalate  of  ammonia,  yieldsaperftdlj  white  predpilale 
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of  oxalate  of  cerium,  which  may  be  conyerted  into  oxide  by  ignition  (Mos«tnder). — 

2.  The  red-brown  mixture  of  the  three  oxides  ia  treated  with  very  dilute  nitric  nc'ui 
(1  pt.  of  nitric  acid  of  ordinjiiy  strength  to  between  60  and  100  pts.  of  water),  which 
dissolves  the  greater  part  of  the  oxides  of  lanthanum  and  didymiam,  and  leaves  tho 
oxide  of  cerium ;  and  by  treating  the  residue  with  yery  strong  nitrie  acid,  the  lant 
traces  of  lanthanum  ana  didymium  may  be  extracted  (Mosander,  Marignac). — 

3.  Tiie  red-brown  mixture  of  the  three  oxides  is  boiled  for  several  hotin  in  a  st^Diij^ 
solution  of  chloride  of  ammonium.  The  oxides  of  lanthanum  and  didymium  then  dis- 
solve, witii  evolution  of  ammonia,  and  sesquioxide  of  cerium  is  left  in  a  state  of  puritv. 
It  must  be  collected  on  a  filter  and  washed  with  a  solution  of  sal-ammoniac,  becauM;, 
when  washed  with  pure  water,  it  first  runs  through  the  filter,  and  then  stops  it  up 
(Watts,  Chem.  Soc,  Qu.  J.  ii.  147). — 4.  Oxalate  of  cerium  obtuined  as  above  is  mixfd 
with  half  its  weight  of  pure  magnesia,  and  made  up  into  a  6ti£f  paste  with  water ;  and 
this  mixture  when  dry  is  heated  to  low  redness  in  a  porcelain  basin,  with  oonstant 
stirring.  The  product  is  a  cinnamon-coloured  powder,  containing  the  whole  of  the 
cerium  as  eerie  (?  ceroso-ceric)  oxide,  in  combination  with  magnesia,  oxide  of  lantha- 
num, and  other  protoxides.  It  dissolves  completely,  with  aid  of  heat,  in  strong  nitric 
acid,  forming  a  deep  brown  solution  of  a  double  salt,  which  appears  to  consist  of  eerie 
nitrate  in  combination  with  cerous  nitrate  and  the  nitrates  of  lanthanum,  didymimn, 
and  magnesium,  sometimes  also  a  small  quantity  of  nitrate  of  yttrium.  This  doablp 
salt  separates  in  splendid  rhombohedral  crystals  having  nearly  the  colour  of  ai/id 
chromate  of  potassium.  The  solution,  if  diluted  with  water  l)efore  these  crystal.H 
have  separated,  does  not  yield  any  precipitate,  either  in  the  cold  or  in  boiling;  but  if 
the  crystallisation  be  allowed  to  go  on  till  lighter-coloured  laminated  crj'stals  sepaniti* 
containing  magnesium  and  lanthanum  with  very  little  cerium,  the  mother-liquor  then 
deposits,  on  dilution  and  boiling,  a  basic  salt  of  cerium  free  from  all  other  metaN. 
The  precipitate  is  not  formed  so  long  as  the  red  double  salt  remains  dissolved  in  thf 
li(|uid ;  indeed  it  redissolves  on  adding  to  the  liquid  a  solution  of  that  salt.  The  liquid 
from  which  the  cerium  precipitate  has  separated  still  retains  ceriom,  which  may  b^e 
separated  by  repetition  of  the  treatment. 

To  separate  the  cerium  from  the  solution  of  the  red  salt,  it  is  diluted  with  a  lanw 
quantity  of  water,  then  boiled,  and  sulphuric  acid  added  in  small  quantity  as  long  as 
the  resulting  precipitate  is  thereby  increased.  The  cerium  is  then  precipitated  »fi  n 
yellowish-white,  floccident  basic  salt,  containing  both  nitric  and  sulphuric  acids,  but 
free  from  all  other  metals,  which  is  difficult  to  wash  on  a  filter,  but  is  easily  washwi  bv 
docantation  with  water  slightly  acidulated  with  sulphuric  acid.  This  salt  dis^olvt**. 
readily  in  strong  sulphuric  acid,  and  the  solution,  after  reduction  with  sulphurouj- 
acid,  yields,  with  oxalic  acid,  a  white  precipitate  of  pure  cerous  oxalate. 

If  it  be  desired  to  obtain  a  basic  nitrate  of  cerium  free  from  sulphuric  acid,  as  is  oft^o 
desirable  for  other  preparations,  the  red  solution  of  the  double  nitrate  mtist  be  evapo- 
rated to  a  syrup,  and  then  poured  into  a  large  excess  of  boiling  water  slightly  acidu- 
lated with  nitric  acid.  The  precipitate  thereby  formed  is  washed  by  decantatioo  ^J-ith 
water  containing  a  little  nitric  acid,  and  the  mother-hquor,  together  with  the  wu«h- 
water,  is  a4;ain  evaporated  to  a  syi-up  and  treated  as  before,  till  nearly  all  the  cerium 
is  extracted.  The  addition  of  nitric  acid  to  the  wash- water  is  essential,  as  the  ha«-ic 
nitrate  dissolves  somewhat  readily  in  pure  water.  It  is  best  to  preserve  the  precijM- 
tated  salt  under  acidulated  water,  since  it  becomes  insoluble  in  acids  when  dried  an<l 
•ignited.     (Bunsen,  Ann.  Ch.  Pharm.  cv.  40.) 

Metallic  cerium  is  obtained  by  heating  the  pure  anhydrous  protorhloride  with 
potassium  or  sodium.  It  is  a  grey  powder,  which  acquires  the  metallic  lustre  by  pres- 
sure. It  oxidises  readily,  decomposes  water  slowly  at  ordinary  temperatures,  Quick.ly 
at  the  boiling  heat,  and  dissolves  rapidly  in  dilute  acids,  with  evolution  of  byon^gen. 
forming  a  solution  of  a  cerous  salt. 

Cerium  forms  three  classes  of  compounds,  viz.  the  cerous  compounds^  e.g.  ths 
dichhn-ide,  Ce"Cl*,  the  protoxide  Ce"0 ;  the  eerie  compounds,  e.g.  CVCl*  and  Ce^>*, 
and  the  ceroso-ceric  compounds,  which  may  be  regarded  as  compounds  of  the  other 
two;  tf.^.  ceroso-ceric  oxide,  Ce"0*  ■■  CeO.Ce^O*. 

CB&ZUBS,  BSOBCZBB  OF.  Not  known  in  the  anhydrous  stnte.  A  solution  of 
eerie  oxide  in  hydrobromic  acid  yields  by  evaporation  small  crystitls  of  a  hytlrated 
bromide,  which  gives  off  hydrobromic  acid  when  heated  and  leaves  an  oxybromide. 

CBSZnM,  CK&OSZIiaS  of.  Cerium  burns  vividly  when  heated  in  chlorine 
p!vs.  and  forms  the  protochloride  Ce"Cl'.  The  anhydrous  chloride  may  be  prepared  by 
igniting  the  sulphide,  or  the  residue  obtained  by  evaporating  to  dryness  n  solution  of 
the  chloride  mixed  with  sal-ammoniac,  in  a  current  of  chlorine  gas.  If  the  air  is  not 
completely  excluded,  an  oxychloride  is  also  produced.  The  anhydrous  chloride  is  a 
white  porous  mass,  fusible  at  a  red  heat,  and  perfectly  soluble  in  water.    A  kydrat-.d 


CESIUM.  833 

lUined  in  colonrlMi  four-aided  primu,  by  diuolriDg  tha  bydratcd  oxids 
uta  in  hydrochloric  acid,  uid  eraporatiDg  to  a  <;nip.  Tbe  aolution  whan 
la  air,  taiat  yellow,  fram  fbnaatian  of  a  esnHio-ceric  salt, 
ids  of  cerium  fonna  with  letracUorid*  ofplatiimm,  aD  oraDga-eolourflil  crya- 
lault,  aC«"Cl*JHCl'.8H>0,esaUyBolubla  in  watar  ud  alctOiol,  ingoluble  in 
3  combiaaa  with  iedidt  e/tuie.  (Holanann,  PhiL  Hag.  [4]  ^^""  318.) 
ie  eilerid*. — Hydrated  cenaa.carie  oiida  diaaoiTaa  in  cold  bydrochlorie 
I  ■  rad  iotntion,  which,  howero,  loon  givai  olT  cUorint^  ind  ii  ndvced, 
eompletaly,  to  ptotochlorids. 

E,  BBTSOTIOX  AXO  ■•TXICA.TIOW  OV.  1.  Beaetiont,— 
it  of  coriiiin,  i^ited  wilh  borax  or  miffrxxotnue  lail  in  the  outar  blowpipe 
1  glaaa  which  ia  deep  rad  while  hot,  bnt  becomes  colourleaa  on  cooling,  in 
Eaa.  ■  ooloorlMa  bead  im  fbrmed  with  a  small  quantity  of  tha  cariom  OOM- 
t  yellow  anunel  with  a  la^tz  quantity. 

',U  in  eolation  are  colooriaas,  hare  a  sweat  aitringent  lutc^  and  redden 
when  tha  acid  ia  perfect^  aatniated.  Thffy  >ic  distingniahed  by  the  fbl- 
iona :  Bidphydrie  aeid  prodncea  do  precipitate.  Sulphidt  of  amnoniim 
the  bjdnled  protoxide.  CuuMe  polatk  or  toda  prodocca  a  white  preci- 
I  hydnited  protoxide,  irtuch  'u  inaoluble  in  excfvs,  and  ii  eoDTerted  into 
lydrated  seaquioxide  by  the  action  of  chlorine-water  or  hypochloroaa  arid. 
ecipitata  a  basic  salt.  AUtalini  earbonata  form  a  white  precipitate  of 
nata  inaolnble  in  axeeaa.  Oxalie  acid  or  exaiatt  of  ammonia  prodncea  a 
itate  of  cerom  oxalate,  gelatinoiu  at  Brat,  bnt  quickly  aisaming  the  erys- 
ct«r.  and  converted  bj  ignition  in  an  open  Teasel  into  a  ^'ellowiab-wmta 
iting  of  ceitMO-ceric  oxide.  Ferroeyanut  of  potanium  prodncea  a  wbit« 
preeipitat« ;  ferricyanide  of  potaniom  none.  Sulphate  of  potaitivm  pro- 
ta  cryatalline  predpitste  of  potanio-cerone  snlphat«,  nearly  inaoluble  in 
nd  quite  inaolnble  in  excess  ofsniphateof  potaasimn.  With  dilute  aolutioaa 
te  takea  soma  time  to  form.  This  character,  together  with  tha  behaTionr 
"  colontioD  of  tha  hydrfttad  protoiida  by  bypochloron* 
m  from  all  other  melola. 
itative  Ettimation. — Cerium  is  precipitated  from  neutral  solntionl  of 
>y  carboDBte  of  unmonioiD,  aa  cerous  I'arbonate,  or  bj  oialste  of  ammonium 
ilate  ;  and  either  of  theae  compounds  is  coaverted  by  iguition  in  an  open 
CBiDSO-ceric  oxide,  which,  aomrding  to  BnnBan,  corresponds,  vtithin  Iht 
■immental  error,  to  the  fonnula  Ce'O',  and  contains  81-18  per  cent,  of 
im,  or  U'Ol  per  cent,  of  the  protoxide.  Another  method  is  to  dissolre 
ted  carbonate  in  dilute  aulphunc  add,  aT^>orate,  and  heat  the  leaidne  to 
ledneesj  whereby  it  is  eouTerted  into  tha  anhydrous  sulphate,  Ce'60', 
B-Sfi  per  cent,  of  the  metal,  or  fi7'4f  per  oent  of  the  protoxide, 
ilion  from  o(*(rE((men<«.— Sulphydricacid  serves  to  separate  ceriom 
ill  which  an  predpitated  by  that  reagent  from  their  acid  solutions.  From 
iron,  cobalt,  nickei,  rinc,  titanium,  chromium,  vanadium,  and  tungiten, 
be  separated  by  means  of  a  Baturated  solution  of  sulphate  of  potassium. 
tinium  it  may  be  separated  by  carbonate  of  barium,  which  precipitaUe 
1  not  eeraus  oxide;  from  gluanunt  by  sulphate  of  potasaiura.  From 
1  whieb  it  ia  often  associated  in  minerals,  it  may  be  aeparated  by  a  aatu- 
D  of  solnbate  of  potassium,  added  in  exeeaa,  tha  snlphate  of  yttrium  and 
ring  sohible  in  exeeaa  of  aulphate  of  potassiain,  while  the  cerous  double 
undiasolved.  From  twvomum,  cerium  is  separated  by  trestiug  the  boit- 
tion  with  anlphate  of  potassium,  wheraby  tha  neater  part  of  the  circonia 
id  u  btlic  anlphat^  while  tlie  cerium  lamaina  disaolvad ;  to  complete  the 
,  a  am^  quantity  of  ammonia  must  be  added,  bat  not  aufBeient  to  satu- 
(H.  Koie).  From  flu^nanum  also  cerinin  may  be  sepanted  by  sulphata 
;  from  barium,  ttrontium,  and  taleium,  it  is  aeparated  by  ammociia  added 
Das  1  or  from  barium  by  sulphnnc  add,  and  from  strontium  and  calcium 
acid  and  slcobol ;  and  from  the  aikali-mtlaU  by  predpitatioo  with  '"«l«** 
Bnnaen's  method  of  pincijiitatioa  already  described,  tSati*  bowerei  tha 
ana  of  sepatstinE  cerium  from  tlX  the  metals  witli  which  it  is  Ibiuid  as- 
edally  ftom  ^nAiuiiiffl,  ^dymium,  and  yttriian. 

0  Wiight  of  Csriuni The  older  statements  reapecting  the  atomic 

s  metaC  all  rdhr  to  cerium  coDtainiug  lanthanum  and  didymiom.  For  this 
i,Eiunger,  in  ISM,  found  the  number  91-3  (H  -  1),  and  Otto  found  BS-O. 
thod  of  ramOTJng  tha  lanthanum  and  didymium  had  been  pointed  out  b^ 
taticger  (Ann.  Ch.  Pharm.  lii.   134),  from  the  analysis  of  the  di- 
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chloride  CeCl',  deduced  the  number  95*6,  and  from  that  of  the  sulphate  the  number 
92-4. 

Hermann,  from  an  analysis  of  cerous  sulphate,  in  which  the  sulphuric  acid  was 
precipitated  as  sulphate  of  barium,  found  for  cerium  the  number  92. 

Marignac  (Ann.  Ch.  Pharm.  Ixviii.  216),  by  precipitating  cerous  sulphate  with  a 
graduated  solution  of  chloride  of  barium,  obtained,  as  a  mean  of  seven  experiments, 
Ce  =»  94-62.  Afterwards,  howerer  (Ann.  Ch.  Phys.  [3]  xxiTiiL  148),  he  reject-ed'this 
number,  and  adopted  that  previously  found  by  Hermann,  viz.  92,  attributing  the  excess 
of  his  former  determination  to  the  circumstance,  that  a  portion  of  the  oeroos  sulphate 
had  been  carried  down  nndecomposed  by  the  barium  precipitate,  whence  the  quantity 
of  chloride  of  barium  required  to  precipitate  the  sulphate  came  out  too  low. 

Lastly,  Buns  en  has  determined  the  atomic  weight  of  cerium  by  the  analysis  of  the 
Bulphate.  Pure  basic  eerie  sulphate,  obtained  as  above  described  (p.  832),  was  dissolvt-d 
in  sulphuric  acid,  reduced  to  cerous  sulphate  by  sulphurous  acid,  the  salt  evaporated  aud 
ignited  till  all  the  excess  of  acid  was  expelled,  and  the  residue  twice  crv'stallined  from 
wiiter.  A  solution  of  this  salt  was  precipitated  by  oxalic  acid ;  the  precipitated  oxalate 
converted  into  ceroso-ceric  oxide  by  ignition  in  an  open  vessel ;  and  the  sulphuric  acid 
precipitated  from  the  filtrate  by  chloride  of  barium.  The  ceroso-ceric  oxide  was  then 
neated  in  a  sealed  flask  containing  very  little  air.  with  pure  hydrochloric  add  and 
iodide  of  potassium,  whereby  it  was  reduced  to  cerous  oxide,  and  a  quantity  of  iodine 
set  free  equivalent  to  the  oxygeu  separated  from  the  ceroso-ceric  oxide.  This  fr^e 
iodine  was  estimated  by  Bunseu's  volumetric  method  (Analysis,  Volumetric,  p.  266  >, 

ftnd  the  corresponding  amount  of  oxygen  estimated  by  the  formnla  x  =  -^  a  (n<— O* 

In  this  manner,  100  pts.  of  the  ceroso-ceric  oxide  were  found  to  contain  95  04  ceroua 
oxide  and  496  oxygen.  From  this,  the  quantity  of  cerous  oxide  in  the  ignited  ceroso- 
ceric  oxide  (that  is  to  say,  in  the  original  quantity  of  cerous  sulphate),  was  calculated, 
and  the  amount  of  sulphuric  acid  (SO*)  being  likewise  found  from  the  precipitated  sul- 
phate of  barium,  the  composition  of  the  cerous  sulphate  wjvs  found  to  be  67'49  Ce"0  + 
42ol  SO'  =  100,  whence  the  ati)mic  weiplit  of  cenjus  oxide  was  found  from  the  pro 
portion  42-51  :  67-49  =  80  :  x.  giving  Ce"0  «  108  1,  and  therefore  Ce  «  92-1.  Two 
other  experiments  gave  Ce  «■  92  04  and  92"  1. 

In  accordance  witli  the  preceding  results,  the  whole  number  92  is  generally  adopted 
as  the  true  atomic  weight  of  cerium. 

CBRZUM,  F&xrO&XX>BB  OF.  Cerous  fiuoride,  Ce"P,  is  obtained  as  a  white 
precipitate,  by  adding  an  alkfdine  fluoride  to  a  cerous  salt.  It  is  but  partially  reduced 
by  the  action  of  hydrogen  gns  and  potassium  vapour  at  a  red  heat.     (Mosander.). 

Ctric  fiuoride,  Ce^F*,  prepared  in  like  manner,  is  a  yellow  precipitate.  It  also 
occurs  native  as  finoceriie,  in  brick-red  or  nearly  yellow  six-sided  prisms  and  plates, 
with  very  distinct  basal  cl ravage ;  also  massive;  specific  gravity  4*7.  Hardness  4«5. 
It  gives  off  fluorine  when  strongly  heated  in  a  glass  tube.  It  occurs  at  Finbo  and 
BrixldlH),  near  Fahlun,  in  Sweden.  Ceric  fluoride  also  occurs  with  the  fluorides  of 
calcium  and  yttrium,  as  vtiroceritr  (g.  v.). 

A  hydratcd  ceric  oxi/Jluoride^  Ce*F*0*  +  3H*0,  occurs  at  Finbo  as  fltiocerine,  in 
yellow  crystals  with  vitreous  lustre,  supposed  tc?  belong  to  the  regular  system  (Gm.  iii. 
271).  A  mineral  from  B^istnas  in  Sweden,  analysed  by  Hisinger,  }nelded  numbers 
corresponding  to  the  formula  Cc*F*0'  +  4H''0  ;  one  from  Finbo,  anal vsed  by  Berz'lius, 
was  found  to  consist  of  Ce"PO*  -l-  3H-0,  or  Ce-P.3(Ce20'.H-0).     (Dana.  ii.  99.) 

CS&ZVM«  OZZBB8  OF.  The  Protoxide, or  Cerous  oxide,  Ce"0,  is  obtained 
by  heating  the  carbonate  or  oxalate  in  a  current  of  dry  hydrogen  perfectly  free  from  air. 
It  is  a  greyish-blue  powder,  which  on  exposure  to  the  air  quickly  becomes  very  hot, 
and  is  converted  into  yellowish-white  ceroso-ceric  oxide.  Crrotts  hydraU  precipitateii 
from  the  solution  of  a  cerous  salt  by  a  caustic  alkali,  is  white,  but  when  exposed  to 
the  air,  quickly  changes  to  a  yellow  mixture  of  cerous  carbonate  and  ceroso-ceric  hy- 
drate (Rammelsberg,  Pogg.  Ann.  cviii.  40).  The  hydrate  dissolves  reaxUly  in 
sulphuric,  nitric,  hydrochloric,  and  acetic  acid,  th«  solutions  giving  the  characters 
described  at  p.  833. 

Ceroso-ceric  Oxide,  Oe«0<.— This  oxide,  which  may  be  regarded  u  a  compound 
of  cerous  and  ceric  oxide:  Ce'O*  =  reO.('e=0»,  is  produced  when  cerous  hydrate,  car- 
bonate, oxalate,  or  nitrate,  is  ignited  in  an  open  vessel.  It  is  yellowish-white,  acquires 
a  deep  orange-red  colour  when  heated,  but  recovers  its  original  tint  on  cooling  (B  n  n  s  e  n, 
Hammelsberg).  Ignited  in  hydrocen  gas,  it  assumes  an  olive-gnfen  colour,  hut 
does  not  diminish  perceptibly  ia  weight  (Bun  sen).  It  is  not  raised  to  a  higher  state 
of  oxidation  by  heating  in  oxygen  gas,  or  even  by  fusion  with  chlorate  or  hy<irate  of 
potassium  (Rammelsberg).  Nitric  snd  hydrochloric  acid  have  but  little  action  npon 
it^  even  at  the  boiling  heat,  unless  it  be  mixed  with  the  oxides  of  lanthanum  aod  didy- 
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bich  CUB  it  dinolTM  readily  in  hot  byctnxhloric  aai,  with  erolDtica  of 
Heated  irith  a  mixture  of  iodide  of  potuaium  uid  hjdroehlorie  teid,  it 
inipletelj,  iriUi  geparation  of  iodine, — a  ytopertj  irhich  hu  bera  mad* 
-  Bnnsen  hr  drtenaining  ita  eompoaitioa.  Strong  nUphune  add  at  the  boil- 
»iiTerti  it  into  an  oruige-red  uJt,  vhich  becomea  light  jellow  on  cooling, 
M  with  jrlloir  nloor  in  vtter. 

did  Dot  ubtnin  ceroiio-cene  oxide  of  conMant  oompoaition,  but  (apposed  it 
the  moel  p&rt,  ths  compoiition  aCa0.2Ce'0*,  or  Ce'O'.  BammeUberg,  b; 
i  the  ceroao-cenc  sulphate,  8CfSO'.Ce'(SO')*  with  pot«ah,  obtained  a 
rpredpitaCe  which  contained  SCeO.Ce'O',  bat  vaa  qnieklj  ConTerted  into 
ipoanre  to  the  air 

■»  Hi/drate,  Ce'O'.SH'O,  obtained  by  paeiingchlcTineintsaqneoai  potatk 
raoM  hydrate  is  antpended  (p.  831),  is  a  bright  yellow  precipitate,  which  dis> 
ly  in  •alphorie  and  nitric  acid,  faming  yellow  solutions  of  eemao-earie 
rdrachloric  add,  with   erolation  of  chlorine,   fbrmiiig  colonrlen  cemu 

xidi,  CtKf,  doe*  not  appear  to  exist  in  the  free  stale,  inasmneh  aa  esmso- 
m  not  bmoght  to  ■  bigher  state  of  oxidation,  eren  by  ignition  with  powar- 
;  agents  (vid.  fp). 

I  ate  piodncsd  by  diasolr- 
>  by  the  action  of  sulphurous  acid  and  other 
■alta.     (For  their  praperties  and  reactions 
Cerone  Eilicate  eiisU  in  nature  as  CeriU;  tbe  phiiephate  as  Menatitt, 
r,   CryploUte,  and  FJaipliimnit;  the  carbonate,  together  with  fluoride  of 

ilphate  fonna  sparingly  salable  double  rails  with  the  salphales  oF  ammo- 
■inm,  and  sodium.  The  potassium -salt,  K<Ce"(SO')*,  is  the  least  aoluhla 
id  qnite  insoluble  in  solution  of  sulphale  of  potaaaium. 
•to-etrie  salts  are  obtained  by  dissolving  Ibe  corresponding  oxide  or  by- 
dg.  The  salutiDu  of  the  sulphate  yields  by  sponlaneons  eTHporation  flrat 
Tystals.  composed  of  3CeS0'.CeV(S0')'-f  ISaq.,  and  aflerwiinU  a  yellow, 
crystalline  atlt,  conUining  CeSO'.Ce'|S0')' +  8aq.  By  substituting 
•  SI}  for  etroMim,  C  —  92,  in  eerie  sulphale,  these  foimolB  nuy  be  re- 

?*^^J0'+12aq.Bnd**,  ,    lo'tSaq.,  tBBpectiTslj.    Both  ulU  are  de- 

ly  water,  with  aeparalion  of  a  basic  salt,  conl^ning  2Ce'0*.330' +  SH^O, 
e  on  addition  of  Bulphnrie  or  nitric  acid.  The  solution  of  either 
with  aulpbAte  of  polatsium,  a  miitDrs  of  at  least  two  doable  salts,  in  which 
Lud  cercisum  may  be  regarded  as  replacing  one  another  isomorphonsly : 
.ih  sulphate  of  ammonium  :  the  ammonium  double  salts,  when  ignited,  Icara 
-eerie  oxide. 

ibnhsdral  nitrate  of  cerium  and  magnesinm  obtained  by  Bunsen  (p.  833) 
rifled,  a  ceroso-cerieo-ma^esic  salt,  containing  Mg'Ce'(NO')'.(Ce<)''(N0^ 

»•   K'"'''!^-     [A*  originally  obtained,  it  contains  lanthanum 
Mg'Ce"«*  I 
im,  replacing  cerium  isomorphonsly.]    Doable  saltd  of  similarcompontion 
I  by  mixing  a  solution  of  this  nitnte  with  the  nitrates  of  potaasium  and 

litiate  of  nickel,  a  basic  salt  containing    .         '   lo".Ni''H^)'   4   24  aq. 

n,  J.  pr.  Chem.  Ixxt.  321.) 

anceof  pore  ceritr  salta  is  byno  means  certain.  Bnnsen  qwaks  of  a  basia 
it,  preeipitattHl  b;r  boiling  the  lolntion  of  tbe  magneaian  eeroso.cer{c  salt 
ned,  with  sulphuric  add ;  bnt  he  has  not  given  an  analysis  of  it ;  indeed, 
of  o  F*'^  'e^  *^'  t"*  ytt  been  yubltMked.  The  BO-<alIed  bade  eerie  snl- 
mentioned,  yidds,  Iw  digeation  with  eanstie  potash,  not  eerie,  hut  ceroso- 
te  (Holsmann).  [For  further  details  respecting  the  oiygen-aslts  of 
tile  sereral  adds.] 

m,  Vmomwmxam  or.  Said  to  be  obtained,  together  with  phosphate, 
phosphoretted  hydrogen  orer  white-hot  ceioso-eeric  oxide.  (Hosander.) 
Kg  <BWwn>M  or.  Produced  by  decomposing  csious  selenil*  with 
t  a  red  heat.  It  is  a  brownish  powder,  which  diiaolTss  in  adds,  with  cto- 
lenhydrie  acid.  Ceroos  salts  gite  with  alkaline  selenidea  a  pale  red  ued- 
ablj  eoBiisting  of  hydrated  selemde  of  ceriun. 

H.  SVKVBIDBS  Or.  Certnu  lulpjudt.  Ce"S,  is  obtained  by  igniting  Ih« 
1  T^onrofsulphida  of  carbon,  orb;  hasting  an  oxide  of  cerinm  with  ml- 
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phide  of  potaMiinm.  The  first  prooeBs  ^elds  a  light  powder  of  the  edUmr  of  red  ktd ; 
the  second,  a  product  resembling  mosaic  gold  (Mosander).  Oeiie  9U^kid$  is  nol 
known  in  the  free  state,  Imt  is  said  to  combine  with  other  metallic  solphidet. 

caso&BZV.  A  sabstance  obtained  from  beeswax  (in  which  it  is  said  to  exist 
to  the  amount  of  4  or  6  per  cent)  by  treating  the  wax  with  boiling  alcohol,  ieaTing  the 
cerotie  acid  to  deposit  on  cooling;  and  eyaporating  the  filtered  solution.  It  is  Tezy 
■oft,  melts  a  28*5^0.,  dissolyes  readily  in  cold  alcohol  and  ether;  is  add  to  litmus; 
gives  by  analysis  7874  oer  cent  C,  12-61  H,  and  8*76  0  (Lewy,  Ann.  CSh.  Phys.  [8] 
ziiL  438).    It  is  probably  a  mixture. 

GEMOTJCrm  or  xaBO&XTB  (from  Knp6t  wax,  and  XtBos  stone). — This  name  ia 
applied  to  two  or  three  minerals  or  mixtures,  consisting  chiefly  of  hydzated  silicate  of 
ma^esium  more  or  lees  mixed  with  silicate  of  aluminium.  They  axe  all  maosiTe^ 
renifonn,  compact  or  lamellar,  transparent  or  translucenti  white  or  grey,  with  Titreooa 
or  resinous  lustre,  and  maaj  to  the  touch. 

Analyses, — a.  From  Frankenstein  in  Silesia  by  Kuhn;  b.  ftom  an  unknown  locality 
by  Delesse ;  e.  from  Zoblits  in  Saxony  by  Melling : 

8iO«  APO«  Mg^O  Fe^O  H«0 

a  .    46-96  —  31 26         —  21*22  -    99*44 

b  .    63-6  0-9  28*6  —  16*4     -    99*4 

e         .        .    47*13  2*57  8613  2*92  ll*tfO  »  100*26 

The  first  agrees  nearly  with  the  formula  Mg'SiO*  +  3aq.  {SamfnM>er</i  Mmtral' 
ekemie,  p.  862.) 

OBROVZC  AOZB.  An  add  obtained  by  Kawalier  (Ann.  Ch.Fhann.lxzKTiii.360) 
from  the  needles  of  the  Scotch  fir  (Pinua  aylvestria).  The  needles  are  boiled  with  alcohol 
of  40  per  cent,  the  alcohol  is  distilled  ofE|  and  the  residue  is  mixed  with  water,  whereby 
it  is  separated  into  a  yellowish  resin  and  a  somewhat  turbid  liquid.  The  resinous 
mass  is  redissolyed  in  uoohol  of  40  per  cent,  the  solution  pedpitated  with  acetate  ot 
lead,  and  the  predpitate  suspended  in  aleohol  is  deoomposea  by  sulphuretted  hydrogen. 
The  solution  filtered  hot  deposits  ceropie  add  in  yellowish-white  flocks,  which,  bt 
boiling  with  alcohol  and  animal  chsrooal  and  repented  crystallisation  from  alcohol, 
may  be  obtained  in  white,  friable,  microscopic  crystals,  mdting  at  100°  C,  and  solidify- 
ing in  a  waxy  mass.  The  ciystals  dried  in  yacuo  gave  by  analgia  74-24  per  cent 
carbon  and  12*17  hydrogen,  whence  Kawalier  deuces  the  improbable  formula 
C^H**0*.  The  barium-sidt  caTe  66*60  carbon,  10*33  hydrogen,  12*66  oxygen,  aod 
11*62  baiyta,  represented  by  3ie  formula  BaO.C^B^O*. 

CBA08ZC  ACZB.  C^H'H)'. — Obtained  by  heating  oerosin  (sugar-cane  wax) 
with  potash-lime,  and  purified  by  saponifying  with  baryta,  dissolving  the  soa^  in 
alcohol,  decomposing  it  with  hydrodiloric  acid,  and  dissolving  the  predpitate  in  iwk- 
oil,  whence  it  crystallises  on  cooling.  It  melts  at  93°C. ;  dissolyes  sparingly  in  bdUng 
alcohol  and  ether.    (Lewy,  Ann.  Ch.  Phys.  [3]  xiii.  438.) 

CWaUMUMm  Cerotie. — ^The  wax  of  the  sugarcane,  obtained  by  rasping  the  bark 
of  the  cane,  especially  of  the  yiolet  yaiiety,  and  purified  by  recrvstalliaing  sew'cral 
times  from  boiling  alcohol  It  then  forms  delicate  white  nacreous  laminip,  which  do  ' 
not  stain  paper.  Gives  by  analysis  81*0  to  81*7  O  and  13-6  to  14*2  H,  agreeing  neariy 
with  the  formula  C^H^O*,  which  represents  it  as  a  kind  of  aldehyde  or  ether.  It 
melts  at  82°  C,  is  ins(duble  in  cold  ether  and  alcohol,  ym  soluble  in  boiling  alcohol 
It  is  very  hard  and  easily  pulverised.  (Ayequin,  Ann.  Ch.  Phya  Ix^.  218 ;  Bum  as^ 
ibid.  Ixxy.  222;  Lewy,  loo,  cit.) 

CiauiTBVa.  0*^**.— >A  hydrocarbon  homologous  with  ethylene,  first  obtained 
by  Brodie  (Pha  Mag.  [^3]  xxdu.  378 ;  Ann.  Ch.  Pharm.  Ixvii  199)  as  a  product  of 
the  dry  distillation  of  Chmese  wax.  The  distillate  consists  of  two  parts,  cezotic  scid  . 
passing  over  first,  and  afterwards  cerotene  mixed  with  a  certain  quantity  of  ofly  matter, 
which  may  be  removed  by  pressure.  It  is  purified  by  crystaUisatioa,  irtlt  from  a  mix- 
ture of  alcohol  and  naphtoa,  then  from  eUier.  It  is  ciystalline,  melts  between  67° 
and  68°  C,  and  exhibits  the  characters  of  the  substances  which  have  been  oonlbunded 
under  the  name  of  Paraffin  (q.  v.)  When  distilled  several  times,  it  is  completely  traoii- 
formed  into  a  mixture  of  liquid  hydrocarbons,  whose  boiling  points  vary  from  76^  to 
260°  C. 

Chlorinated  derivaHvea  of  Cerotene. — When  moist  chlorine  is  passed  over  melted 
cerotene,  the  latter  assumes  a  waxy  aspect,  then  becomes  gummy,  and  is  ultimately 
converted  into  a  transparent  resin,  becoming  harder  as  it  ab^rbs  more  chlorine.  The 
reaction  takes  several  weeks  to  complete,  and  at  difiTerent  stages  of  it  the  following 
eompounds  are  formed : — C"H»K}1" ;  C^H^Cl" ;  a"H«Cl^.    (Brodie.) 

cnUKRC  AOZB.  C"H»<0*  -  C»^»«O.H.O.  CeHn  of  Beeewar  (John,  C**- 
mecke  Schriften,  iv.  38;  Boudet  and  Boissenot»  J.  Pharm.  xiii.  38:  Ettling,  Ann. 
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■  iiaef;  Hesi,  (Ud.  xzTiL  S;  Qerhara^  It«T.  leient  ^x.  5;  L«v  j,  Ann. 
3]siii.l3S;Biodie,AiiiLCh.PhuiD.livii.  130.)— Thia  acid  is  theeaaeu' 
xiCDt  of  tbat  portion  of  bewnx  wtueh  ia  solable  Id  boiling  &leohoL  It 
1  In  bsatJDg  beenrax  wreral  timei  in  meceaaion  with  bailing  slcobol, 
out  whiah  forma  oa  cooling  melta  &t  70''or7Z°C.  The  acid  tiiiu  obtained 
nm.  It  ia,  therefore,  to  be  diiiBolTed  in  a  large  quantitj  of  boiling  &lcohoL 
jlntion  precipitated  by  acetate  of  lead.  Tbs  precipitate,  after  Ming  e»- 
th  the  aid  of  heat  b;  alcohol  and  ether,  ia  decomposed  by  concentrated 

and  the  prodact  crjatoUiaed  &Dm  alcohol  yield*  pore  centic  acid.  Cerotio 
lao  be  obtained  veiy  nearly  purs  by  ajslalliaing  «*yoral  timee  &om  ether, 
irodtLCt  vhich  melte  at  72°  C.  The  mother-liquora  retain  a  small  quantity 
btty  acid. —  Cpiotic  add  ia  likeriae  produced  by  th«  dry  distillation  of 
IX.  and  by  melting  that  anbatance  with  potaih. 

otic  acid  cryatalliiaa  on  co<ding  &Dm  its  aolotion*  in  amall  graina,  melting 
The  melted  maaa  aasomea  on  eooiing  a  highlj  raystalline  character. 
9  add  distils  Tithoot  alteration,  bnt  the  impure  add  is  deeompoaed  by  di*- 
jelding  principallj  oily  hydrocarbona  of  very  rariable  boiling  polDt.  and 
in  lolution  small  qnantitiea  of  a  tMtj  add  and  othsr  oiygeuiaed  producta. 
'onstbnni  ceiotic  odd  into  chlorocerolic  add,  C*'H*'C1"0'. 
I(t. — Cerotic  add  ia  monobasic,  the  fbrmula  of  Ita  nputnl  salU  being 
'.  The  Uad-tatt,  C^H^PbO*,  ia  obtained  ss  a  while  bulky  precipitate  on 
alution  of  cerotie  add  In  boiling  alcohol  with  alcoholic  acetate  of  lead.  The 
C*'H"AgO*,  ia  obtained  irj  predpitatin^  an  alcoholic  and  ammomacal  aoln- 
>tic  add  with  nitrate  of  ailver  at  the  boiling  heat 

jBBorro  Aom.    CFH"Cl"O'.^ProdD0ed  by  exposing  melted  cerotic  add  to 
of  chlorine  for  seTeral  ds^s.'as  long  indeed  aa  fumes  of  hydrochloric  add 
ibla.    The  product  is  a  thick  transparent  gum  of  a  pale  yellow  caU>ar. 
rotatt  oftodium  is  nearly  insoluble  in  water. 

rotaU  o/fihi/l,  C"H»a'"'0'-(?'H"Cl'K)'.C^,  is  prepftred  aimilarly  to  tli« 
It  has  the  aspect  of  chlorocerotic  odd. 

no  MTHSBa.  Ctroiatt  of  ethyl,  CWHfi  —  CH'KJ'.CV,  t* 
luted  by  passing  hydiochlorie  add  gaa  into  BolutiDn  of  onotia  add  in  abao- 
L  It  haa  the  aspect  of  betmni,  and  melts  at  £B°— 40°  0. 
Uo/CtTsl  CkaitWax.  C^-0' -^I^JO— This  ia  »  pecn- 
nbatance  obtained  bota  China,  where  it  is  producsd  on  eerfaun  trees  by 
n  of  a  q>edea  of  coeeut.  It  is  aTstaUiae^  and  of  a  iT«TTliTig  whiteoeai^  like 
,  bat  more  brittle  and  of  a  more  flbions  textore.  It  melta  at  il"  C  It  ia 
'  crystallisation  from  a  mixture  of  alcohol  and  naphtha,  then  washed  with 
ted  with  boiliiig  water,  and  lecrystalliBed  from  abe<riDte  alcohol,  which  dis- 
D  amall  quantity  only.  Chinese  wax  ia  not  saponified  completeljy  b^  boiling 
IDS  potash,  but  decomposes  readily  when  fosed  with  potash,  pelding  cero- 
assioia  and  hydrate  of  ceiyL  By  dry  distillation  it  yields  cerotic  acid  and 
Almost  bD  the  wax  gathered  in  China  is  nsed  there  for  Tna.Ving  candlea.  It 
ilojed  by  the  Chinese  as  a  nudidna. 

mr.    Syx.  of  CuTUO  Aux>hol  or  Htdrub  of  Cssn  (p.  83B). 
nvov&    The  acetone  of  cootie  add,  obtained  I^  eaieM  distiUatiDn  of 

lead.    (Brnekner,  J.  pr.  Chem.  Irii.  I.) 

CT^ZK  or  Falni  leaz  is  the  produce  of  the  CenucyUm  .dndieola,  and  is  ab> 
rasping  the  epidermis  of  the  tzee  and  boiling  the  raspings  in  water.  The 
on  the  snt&ce  in  a  soft  stat«.  while  the  impuritiea  sink  to  the  bottom.  It 
■ther  purified  by  repeated  boiling  with  alcohol  In  its  natural  state  it  ia  > 
lile  powder;  sftei  poriflcation,  yellowish-white.  It  is  nearly  insoluble  in 
td  melts  at  72°  C.  It  has  been  ocalyaed  hj  Bonaainganlt  (Ann.  CLPhya, 
,  Lewy  (Ann.  Ch.  Fhys.  [31  xiiL  4GS],  and  TeaehemacheT  (Ann.  Ch. 

270)  with  the  following  reedta :  — 


L«.y. 

CaAon  .        . 

.    80-48 

80-78 

80-28 

Hydrogen       . 

.    13-29 

13^3* 

18-20 

Os^ygan.        . 

.      6-23 

5-97 

fl-42 

100-00  IW-OO  10000 

A  yellow  secretion  which  linea  the  axtemal  audi- 
ts bj  axpomiM  to  air.  It  has  ft  bitter  tMte^ 
3k  3 
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melts  at  a  !ow  heat,  and  evolTes  a  slightly  aromatie  odour.  On  ignit«d  ooala  it 
gives  oat  a  whit«  smoke,  similar  to  that  of  burning  fat,  swells,  emita  a  fetid  ammo- 
niacai  odour,  and  is  converted  into  a  light  charcoal  Alcohc^  dissolres  jj  of  it^  and  on 
eraporation  leaves  a  substance  resembling  the  resin  of  bile.  The  }  whicu  remain  are 
albumin  mixed  with  oil,  which  by  incineration  leave  carbonate  of  aodiom  and  phoi*- 
phate  of  calcium^  U. 

iJTBM  or  JVhite  lead.    See  Cabbonates  (p.  786). 

Native  carbonate  of  lead  (p.  786). 

Native  tetroxide  of  antimony,  SbO«  or  8V0».Sb«0*,  found  &C 
Cervantes  in  Spain  and  at  Pereta  in  Tuscany  (p.  324). 

CSBTX.  BTBRATS  OF.     Cerylic  Alcohol,  Cerotin,      (FH"^-^  H   l^'  — 

Produced  by  fusing  Chinese  wax  (cerotate  of  ceryl)  with  potash,  digesting  the  fused 
mass  in  boiling  water,  whereby  a  sohition  of  cerotate  of  potassium  is  obtained  holding 
cerylic  alcohol  in  suspension ;  precipitating  the  cerotic  acid  with  chloride  of  barium  ; 
and  dissolving  out  tlie  hydrate  of  ceryl  with  alcohol,  ether,  or  coal-tar  oiL  The  hy- 
drate of  ceryl,  purified  by  several  crystallisations  from  ether  or  alcohol,  forms  a  waxy 
substance  melting  at  79°  C.  Heated  with  potash-lime^  it  gives  off  hydrogen,  and  is 
converted  into  cerotate  of  potassium : 

C"H*«0  +  KHO  -  C"H"KO«  +  4H. 

At  a  very  high  temperature  it  distils  partly  xmdecomposed,  partly  resolved  into  water 
and  cerot^ne,  C*'H'*  +  H-0.  Chlorine  acts  upon  hydrate  of  ceryl,  producing  a  trans- 
parent pale-yellow  substitution-product,  chJorccrotal^  containing  37*62  to  87*89  C, 
476  to  4*78  H,  and  55*11  to  55*07  CI,  numbers  which  correspond  to  the  formula 
C''f'H***Cl"*0.  The  action  of  the  chlorine  was  probably  not  complete.  The  product 
has  the  appearance  of  a  gum-resin,  and  becomes  electrical  by  friction.  (Brodie,  Ann. 
Ch.  Pharm.  IxviL  120.) 

Hydrate  of  ceryl  treated  with  excess  of  sulphuric  yields  a  product  which,  when 
washed  with  cold  water,  dried  in  vacuo,  and  crystallised  from  ether,  has  the  compoei- 
tion  of  neutral  sulpJuite  of  ceryl  with  1  at.  tpater,  (C''^H**)'SO*  +  H*0.  When  pure  it  is 
perfectly  soluble  in  water,  especially  if  a  little  alcohol  is  added ;  the  solution  evaporated 
at  a  low  temperature  leaves  the  substance  in  the  form  of  a  soft  wax.     (Brodie.) 

CBTSWB  or  Cetylrne,  C"H«  t^^^mas  and  P^ligot,  Ann,  Ch,  Phy».  [2]  Ixii  4  ; 
Smith,  ibid.  [3]  vi.  40.) — A  hydrocarbon  homologous  with  ethylene,  obtained  by  dis- 
tilling cetylic  alcohol  with  phosphoric  anhydride,  also  by  distilling  cetin  (palmitate  of 
cetyl),  and  treating  the  product  with  potash  to  saponify  the  fatty  acids  which  have  passed 
over  in  the  distillation,  the  cetene  then  floating  on  the  surface  of  the  liquid. 

Cetene  is  a  colourless  oily  liquid,  which  stains  paper.  It  boils  at  275°  C,  distilling 
without  alteration.  Vapour-density  8007.  It  is  insoluble  in  wat«r,  easily  soluble  in 
alcohol  and  ether,  neutral  to  t«st-paper.  It  has  no  particular  taste.  When  set  on  fir^ 
it  bums  with  a  very  pure  white  flame,  like  the  fat  oils, 

Cetene  unites  with  hydrobromic  and  hydrochloric  acids,  slowly  at  ordinary  tempera- 
tures, somewhat  more  quickly  at  100®  C.  The  compound  is  decomposed  by  aistillation. 
(Berthelot,  Ann.  Ch.  Phys.  [3]  li.  81.) 

The  ethylosulphates  (sulphovinates)  yield  by  dry  distillation  an  oily  liquid  {htarr/ 
oil  of  wine),  from  which  water  separates  an  oily  hydrocarbon  (light  oil  o/wine^  which 
boils  at  nearly  the  same  temperature  as  cetene ;  and  this  oil,  when  exposed  to  a  very 
low  temperature  deposits  crystals  {camphor  or  atearoptene  of  wine'Oil),  having  the  same 
composition. 

CSTZO  ACZB.  C^H^C  ? — ^Produced,  according  to  Heinta,  in  very  small  quan- 
tity in  the  saponification  of  spermaceti  (p.  840).  Crystallises  in  nacreous  scales 
grouped  in  stars,  melting  at  53-5°  C.  Benic  acid  obtained  from  oil  of  ben,  and  stilli^ 
tearic  acid,  from  the  fruit  of  Stillingia  aebifera^  have  the  same  composition. 

CSTnr,  C«H"0«.  (Chevreul,  Recherches  sur  Us  Corps gras,  la,  171 ;  Smith, 
Ann.  Ch.  Pharm.  xlii  247;  St  en  house,  J.  pr.  Chem.  xxvii.  253;  11  ad  cliff,  Ann. 
Ch.  Phys.  [3]  vi.  50.) — ^A  fatty  arstalline  subst-ance  constituting  the  essential  part  of 
spermaceti,  the  substance  which,  in  the  state  of  solution  in  an  oil,  fills  the  cavities  in 
the  head  of  the  cacholot,  or  spermaceti  whale,  and  other  cetaceous  animals.  To  obtiiin 
it  in  a  stat^  of  purity,  spermaceti  is  treated  with  cold  alcohol,  which  removea  the  oil, 
and  the  residue  is  crystallised  from  boiling  alcohol. 

Cetin  melts  at  49°  C,  and  solidifies  on  cooling  in  a  translucent  mass,  which  serves 
for  the  manufacture  of  candles.  Heated  to  360°,  out  of  contact  with  the  air,  it  vola- 
tilises without  alteration ;  but  if  heated  quickly  and  in  considerable  quant itiev,  it  is 
completely  decomposed  into  a  solid  fatty  acid  (palmitic  acid),  and  a  liquid  hydrocarboa 
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ceompanied,  diieflj  tt>nrd>  the  cod  of  the  dutOlation,  b;  woondoi;  pn> 
h  m  Titer,  earbomc  anhTdride,  caibonie  ozid^  uid  oleBant  gu.  Cetili  il 
n  water.  100  pta.  of  aloohol  ol  0-821  dissolTa  25  pta.  of  it;  MtoliUt  aieoia 
llflHolTe  it  in  larger  qaantitira,  and  deposit  it  on  cooling  in  brilliant  lamima 
I  attadu  it  llowlf ,  and  conrerta  it  into  a  miitun  of  csnaiitlijlic,  adipic,  an^ 
ids. 

liled  with  caoatic  aJkalii  ia  tmufbrmed  into  hydrate  of  ee^l  and  •  palmi' 
alkali-mrUl  (Smith): 

C^H'O'  +  KHO  -  C"H*0  +  CB^KV. 

H^dnta  or      PalinttiU  s( 
wtjU  pouitlum. 

:  olMcmd,  hoverer,  that  the  atatemcDta  of  difTermt  chemieCa  regarding  th< 
I  nenlting  from  the  saponiflcatioa  of  cftin  do  not  quite  agree.  Chevnu! 
lainiie  Bud  oleic  acid.  Heintt  (Pogg.  Ann.  Iixiit.  232)  obtaineil  a  miX' 
^anc,  palmitic,  mjrintie,  cocinic  and.cetie  acids,  which  he  aeparal^d  hj  tht 
olnbilitj  of  the  acids  themaely™.  and  of  their  h»rinni-aalts,in  aloohoL  Hi 
rwuda  cetin,  not  as  a  ainiple  proxinute  principle,  bnt  aa  a  miatnra  of  thi 

of  the  adds  just  mentioned.    By  repeatedly  eiTatullLaing  apermaeetj  fron 
obtained  at  last  a  amalt  qaantitj  of  a  taXtj  nibeCaace,  which  melted  a1 
Imt  in  other  respects  exhibited  the  ehanetera  o(  oitin,  and  alao  its  compOU' 
1003  C,  13-26  H,  and  B'Ta  O. 
^^'*      See  Licams. 

UUO  ACXD.  Celrarin.  C"H'*0*.  (Berzelins,  Sebw.  J.  viL  317 
Lie.277.— nerherger,Aiui.Ch.Pharm.xxL137.— EnopandSchneder 
d.  It.  Hi.) — Contained,  together  with  lichenostearic  acid,  in  Iceland  moa 
it'andice).  To  obtain  the  two  acids,  thehchen  is  treated  for  about  s  qoartej 
'with  a  IxiilingniiitnreofBtKing  alcohol  and corboaate  of  potassinm  (ISenD 
rbenate  to  each  kilogrsmme  of  alcohol),  wherehj  the  acids  are  dissolTW 
am-salts.  The  filtered  liqnid  mixed  with  hydrochloric  add,  deposits  the  tw< 
Kiwith  a  grren  anbstance  ;  and  by  treating  this  miitnre  with  S  or  10  timn 
t  of  boiling  dilute  alcohol,  the  liehenostearic  acid  ia  diaeolred,  «bil«  thi 
:id  and  the  gieen  mbstance  remain  undiwolTed. 
te  the  cetraric  acid,  which  forms  the  greater  part  of  the  renidne.  this  reaidai 

aeTersl  times  with  a  mixture  of  ether  and  an  essential  oil.  for  the  pnrriosi 
ng  the  green  matter ;  it  is  then  boiled  with  strong  alcohol,  which  diBinlTei 
ic  acid,  and  on  cooling  deposits  it  in  etender  needlea,  which  are  purified  b; 
em  with  animal  charcoal,  then  diutolving  them  in  potash,  and  decompoain) 
lium-salt  with  hydrochloric  acid.  (Knon  and  Schaedermann.) 
:  acid  cryatalhses  in  extremely  fine  capillBry  needles,  of  daizling  whilenCSI 
izre  bitter  taete,  is  nearly  insoluble  in  wnter,  glaringly  soluble  in  ether,  Ter; 

boiling  alcohol.     The  crystals  are  anhydrous. 

:  acid  turns  brown  when  boiled  with  water ;  the  alcoholic  solution  also  tnmi 
boiling:  this  change  is  mnch    accelerated  by  the  presence  of  an  alkali 

aeid  colours  cetraric  acid,  first  yellow,  afterwards  red:  the  mass  beeoma 

and  dissolves :  and  water  added  to  the  solution  throws  down  ulmic  acid 
TIC  add  diBBoWes  a  smalt  quantity  of  c«traric  acid,  the  nndisBolTed  portioi 

a  deep  bine  colour.  This  bine  compound  is  dissolTed  with  red  colour  b; 
phuricacid.  and  reprecipitated  Hue  by  water.  This  blue  precipitate  diBSoIre 
m«  of  dichloride  and  tetrachloride  of  tin,  and  alkalis  added  to  the  solntioi 
wn  a  bine  laks  (Herberger).  Cetraric  acid  is  oxidised  by  nitrie  and 
oslic  add  sod  a  yellow  reain.     Chlorine  and  bromine  do  not  appear  to  ac 

;  acid  decomposes  carbonates,  and  forms  yellow  salts,  soluble  in  water  am 
ad  having  an  intolerably  bitter  taste.  It  has  a  great  tendency  to  Ibrm  adi 
10  neutral  salts  cannot  be  evaporated,  even  in  vacoo.  withoot  decomposiuj 
ig  brown.  The  acid  salts  are  precipitated  in  a  gelatinoiu  fbrm,  by  mixing 
d  salts  with  half  the  quantity  of  hTarochloric  acid  necessary  to  saturate  thi 
ey  are  difficult  to  wash,  but  may  be  evaponted  in  the  air  without  taminj 

ihob'e  Bolution  of  add  cetnmle  of  polssdnm,  firms  a  dem  red  preeipitat 
c  chloride,  the  liquid  at  the  same  time  asanming  a  blood-red  colour. 
If  of  OTnminiium  is  obtained  aa  a  yellow  powder,  by  treatiDg  the  add  witi 
mmoaia,  of  which  it  ainorb*  101  pw  cent  The  ^if.salt,  C'*H"Fb''0*,  i 
18  a  yoUow  fiocculent  preeipital«,  by  miiisg  (cetitte  of  lead  wilb  cetrsrate  o 
u.  The  liiver-atlt,  la  a  yellow  predpitale^  which  rqiidlj  tnma  brown 
id  Sebnedermann.) 
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qNtmuccti.    The  cctji-compouDd*  at  pttunt  known  ue; 
7^SJE.O. 


Efdnte  of  cety!   (w^lie  alcohol) 
Oxide  of  eetjl  (oetjlic  ether) 
Oxide  of  CBI7I  and  Bodinm 
Oxide  of  eel  jl  and  ethyl   . 
Oxide  of  ce^l  and  amjl  . 
Acetate  of  ce^l 
BenuMle  of  cetjl  . 

Baljiate  of  cftyl  . 
St«(umt«of  «e^l 
Snccinate  of  ce^l  . 
Gnlph&te  of  ce^l  and 
Snlph  jdiate  of  cetjl 
Sdlphideofeetjl  . 
Ce^l-xaothie  aod   • 

Biomide  of  eetyl 
Chloride  of  cetyl 
Iodide  of  MI7I  . 
Cjtnide  of  cetjl 


C"H",H.O 

(C"H")M) 

C"H-.Na.O 

C"H™.(?H'.0 

C"H-.CH".0 

CH'O.C"H".0 

C'H'O.CH".© 

CH'O.C"H".0 

,    C"H"O.C"e".0 
(C^'O^'.CCffV-O' 
(S0")-.C"H"i0' 

,    C"H".Ha 
(C"H")'S 

Nitride  of  ee^l,  ortriee^l-)    u  ,f 


CB^Vj        Dice^r^enrluiiiiB 


cmrrit,  AOSTATB  or.    C"H"0'  —  CB^.CH^.O,  ii  prodand  tr 

cetjlic  alcohol  with  acetie  and  hTdrochlorie  or  Bolpbarie  add,  precipitating  \r 
diMolving  in  ether,  and  eraporetuig,  ai  an  oily  liquid,  which  at  a  low  temperat 
diflea,  after  awhile,  in  a  mase  of  needle-ahaped  oyitali,  iteibleat  1B'£°C.  (I 
ADn.Ch.Phann.ciLSI9.) 

OSnX,  SBMXO&TB  OT.  C"H"0'  -  CH^.C^^H^.O.— Obtained  by 
chloride  of  beoKwl  with  eetjlic  alcohol  in  eqiuTalent  proportion,  dimiolTUig  thi 
in  eliier.  and  precipitating  with  alcohoL  It  forme  cryitalline  Kalce,  which  melt* 
diaaolTe  readily  in  ether,  and  aparingly  in  aleohoL    (Becker,  loe.  dl.) 

OBTTX,  BmoaoSB  OV.  Ci*B>^Br.— Produced  by  the  actioli  of  bron 
phoephonu  on  cetjlic  aleohoL  It  is  a  colonrieai  aolid  body,  heaTier  than  wati 
melted  state,  ineoluble  in  wat«T,  my  aolnble  in  alcohol  and  ether ;  melta  ■ 
When  distilled.  itgiTca  ofThydrabronuc  acid.    (Fridan,  Ann.  Ch.Fhann.lxxi 

CXTVJi,  BUTTXATa  OF.  C^»0'-C'H'0,C"H".0.— Obtained  b, 
heating  a  miitora  of  cetjlic  alcohol  and  bntyric  add  to  300°  C,  and  ptooei 
with  the  benzoale.  It  is  white,  neutral,  miscible  with  ether  but  not  with 
melts  more  easily  than  ce^lic  alcohoL  and  when  cantionaly  bested  in  tmall  <; 
Tolatiliaea  without  decompAeitloD.    (Baodw.  d.  Chem.  S"  Aufl.  ii  [2]  92S,) 

OBTTX,  CSZ«aX»S  or.  C'<H*Kn.  Bj/iincUonai  of  Cetau.—OhU 
the  action  of  pentachloride  of  phosphoros  cm  cetjlic  alcohol  The  two  bodic 
in  fragmente.in  a  retort,  become  heated,  melt,  and  act  Tiolently  on  each  othei 
off  lai^  quantities  of  hydrochloric  add.  On  subecquently  distilling  the 
oiychlorlde  of  phoephonu  paasee  over,  and  then  chloride  of  cetyl,  which 
farified  bj  redistillation  with  a  small  qosntitj  of  pentachloride  of  [Jicephart 
aig  with  boiling  water,  and  diyin^  in  vacuo  at  about  120°  C.  If  it  still 
hydrochloric  acid,  it  mnst  be  diitilled  with  lime  lecently  ignited.  (Dun 
Piligot,  Ann.  Ch.  Fhjs.  IxxiL  4.) 

Chbrlde  of  cetyl  is  a  limpid  oUj  liquid  of  specific  graTityO-SlI2  at  12°  C.  i 
in  water  and  in  alcohol,  but  aolnble  in  ether,  whence  it  may  be  predpitated 
aleohoL  It  distils  abore  200°  C.  with  partial  deeompodtion.  and  by  prokmgi 
liti.jn  the  whole  of  the  chlorine  may  be  expelled  as  hydnwhloric  acid.  leaTinj 
(p.  S38).  It  is  not  acted  npon  by  nitric  acid,  but  stioiig  mlphimc  acid  decom 
eliminating  fajdrochloric  aod  and  tbnning  ce^l-sulphnric  add.  It  doaa  not 
ammonia.    (Tntschefe  Bip.  Chim, pure,  iL  463.) 

CWrwii,  CTAVim  or.  C'*H''.CN.— Obtained  in  an  impnra  Itate,  bv 
cctjlsolpbate  of  potaMium  wiUl  eyanide  of  polaaiium,  and  exincling  wit 


with  pal 
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Z«il>dir,  d.  gMunint.  Katorw.  tu.  2S2;  Jtiaaber.  IS58,  679. — Heiati, 
.  oL  U7 ;  JfJueabcT.  ISAT.  US).  Aoeordiag  to  Eohlcr,  it  is  a  Kilid  erja- 
ituice,  melting  at  S3°  C.,  eahlj  aolable  in  emta  and  in  hot  alcohol ;  aceord- 
ati,  it  is  liquid  at  ordiiiarj  lempemtima,  but  ita  fianutiaii  ia  BceompBaiied 
iTAlline  aolid,  which  melta  at  65'1°,  and  ii  {oiibBblj  a  mirtara  of 
palmitic  aldehyde.  Beated  with  potaah  it  npean  to  jiald  maigaiio 
■u-.    (Kohler.) 

^  snnura  or.  C>rH"0  -  C<-H".H.O.  Cetvlie  Aloakol,  Bint. 
X  Rechtrchaiur  la  Corpt  ffrat,p.  171. — Dnmma  ana  PJUgot,  Ann.  Ch. 
iii.4;  Smith,  ibid.  [S]  n.  40 ;  abo,  Am.  Cb.  Phaim.  zlii.  247.— H«inti, 
,  ImJT.  232;  Ixxxni.  663.) — Thia  compound  ia  prepared  br  aapomfrins 

with  an  alkali,  the  oetjn,  or  palmitate  of  txltyl  eontaitied  in  that  aabvtaaca 
I  naolved  into  ao  alkaline  palmitate  and  bjdnte  of  cetjl,  which  lattar  ia 
mt  bj  alcohol  or  ether.    Domaa  and  F^ligat  add  1  pt.  of  aolid  bTdrata  of 

bj  amall  portiona  and  with  conataoC  agitatioi],  to  2  pti.  of  melted  Bperma- 
the  reaalti^  Kwpy  man  with  water,  and  then  with  a  alight  exceaa  of  h^dro- 
iL  On  boiling  the  liqoid,  the  ethal  and  Che  fatt;  aci£  of  the  aoap  rue  to 
%  in  the  form  of  an  oQj  lajer,  which  ia  aepanted  by  decontation,  and 
a  ueondtime  in  tbe  aame  manner,  to  decompose  a  amall  remaining  qnantitj 
«ti ;  the  tatt;  odds  are  again  lepacBted  b;  means  of  hydiodiloTic  aeid,  and 
with  alaked  lime  added  in  exceaa.  A  miitnre  of  lime-aoap  and  hjdrste  of 
ta  obtained,  bum  which  the  latter  ia  diaaolTed  ont  hj  alcoboL  Lastly,  the 
liitilled  ofE  and  the  ee^lic  alcohol  which  remains  ia  purified  by  crfstallisa- 
ither.    Heinti  boila  apermoceti  with  on  alcolnJic  solution  of  potash ;  preci- 

boiling  liquor  with  ■  ooncentrsted  aqneona  aolotion  of  chloride  of  bannm ; 
'ea  out  the  ethal  bom  the  predpitota  with  aleohoL  Aa  the  alcohol  also  dia- 
1  qnantitiea  of  harinm-aalts,  it  ia  remoTed  bj  diatillation,  and  the  ethal 
lias  is  diMolred  in  cold  ether,  and  Bnalljparifled  by  BererslcrTBtalliaatioDa 

ilcohol  or  ethal  ia  a  white  aolid  (rystalline  raaaa,  which  mella  at  a  tempenk- 
4S°C.,  but  aoUdiOea  at  48°  (CheTreal).  It  melts  in  water  at  eu°C.,  and 
idiflM,  the  temperature  risea  to  GI'fi°  ;  when  malted  alone,  it  aolidlflea  at 
i"  (Beinti).  When  alowlj  cooled,  it  ayBtaUises  in  shiniiig  laminie:  it 
lliaea  on  cooling  from  solution  in  alcohol.  It  ia  without  taste  or  smell,  and 
tout  altaratioo,  passing  OTer  STen  with  Tapour  of  water.  It  ia  inaolable  in 
mixH  in  all  propoitiona  with  alcohol  and  ether. 

es  not  giro  i^  water  when  heated  witb  oxide  of  ttad.  It  la  not  dUadnd 
alialii ;  bat  when  etrongly  heated  with  pol<ah4ittu,  it  givaa  off  hydrogen, 
verted  into  a  potaasium-solt,  probably  palmitata  or  ethalatc  (Damaa  and 
0LPhja.[2]Ti«iii.l24): 

C"H»0  +  KHO  -  C"H"KO>  +  4H. 
dei»mpOiedby»«iiin«,yieli!ingei!(sJafcD/*«liim,C''H'^0.  Wiihpeliuk 
U  of  carbon  it  fomta  ce^l-zanthate  of  potaasinm,  C"H".KCOS'.    Dutilled 
■:IUoTidt  o/pioipltonu,  it  ibrma  chloride  of  cetyl,  oxyehloride  of  phoaphoni^ 
Marie  oad : 

C"H".H.O  +  Pa'.CP  -  CH'TO  +  FCK>  +  HCl 
t  and  pXaiphonu,  it  jieldi  iodide  of  cet^l.    With  atrong  lu^ltmie  add,  it 
-nilphttric  add,  C"H".a.SO'. 

[loe.  eit)  regards  sthal,  not  as  a  simple  alcohol,  but  as  a  mixture  of  ee^Ua 
:  aleohola.  C"H*'0.  and  C'^H'*0 :  becanie,  accordins  to  hia  experimental 
add  of  Dumas  and  Staa,  ia  a  mixture  of  palmi^  and  atearie  adda,  aepa. 
lution  in  boiling  alcohol  and  predpitatjon  by  acetate  of  barium. 
,,  ZOSXna  or,  C"H^  (Fridan,  Ann.  Ch.  Fhaim.  Ixxxiii  9).~^F»- 
itroduciog  phoHphomB  into  oetylic  alcohol  heated  to  120°  C.  in  on  oil-bath, 
;  an  exceas  of  iodine  by  small  portions  at  a  time,  while  the  mixture  ia  con- 
ned. Hjdriodic  add  is  then  giren  off^  together  with  phosphorous  add,  while 
ihosphorua  cryatallisee  out.  and  iodide  of  eetfl  remaina  id  the  liquid  state. 
TcoctiOD  ia  complelfl,  the  iodide  of  cetyl  ia  decanted,  washed  with  cold 
^  causes  it  to  aolidify,  and  then  crystoUued  fiom  alcohol  It  crystallises 
IS  interlaced  lamina,  insoluble  in  water,  easily  aoluble  in  ether,  more  soluble 
han  in  cold  alcohol  Melts  at  22°  C,  and  solidiBee  on  cooling  in  naettea 
ktty  aspect.  Bncna  with  a  clear  Same,  giving  off  fret  iodine. 
LOt  distil  without  alteration,  hut  decomposee  quickly  at  250°  C,  givinff  off 
ntirs  of  iodine  and  hydriodic  add,  together  with  an  oily  hjdrocarbMi.    It  ia 
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CETYL:  NITRIDE  —  SULPHYDEATR 


violently  attacked  br  mercuric  oxide  at  200®,  yieldixig  an  oil  (cetene?)  together  with 
iodide  of  mercuTT  and  metallic  mercnry,  and  leaying  a  cryitalliBable  solid  fiunble  at  60^. 
With  oxide  of  diver  recently  precipitated,  and  still  moist,  it  forms  the  same  compound, 
mfdting  at  60®.    With  cetylate  of  sodium  it  yields  iodide  of  sodium  and  oxide  of  cetyl : 

C'«H".KO  +  C"H".I  -  KI  +  (CP-H«^. 

Amitumia  in  solution  does  not  act  on  iodide  of  cetyl,  but  gaseous  ammonia  conTerta 
it  into  tricetylamine,  N(C'*H'')'.  With  phenylamine  it  forms  eetyl-phenylamine  and 
dicetyl-phenylamine.     (Fridan). 

I  OF.    See  CsTTLAiONa. 


I  OP.  CetyUc  ether,  (C»«H")H).~  Obtained  by  treating  cetylate  of 
sodium,  C^'H^EO,  with  iodide  of  cetyl  at  110®  C.,  washing  the  product  with  boiling 
water  to  remove  iodide  of  potassium,  and  dystallisinff  from  alcohol  or  ether.  It 
crystallises  in  shining  scales.  Melts  at  56®  C,  and  solidifies  between  63®  and  64®  in 
a  radiated  mass  ;  distils  at  300®  for  the  most  part  without  decomposition.  It  is  not 
attacked  by  hydrochloric  or  nitro-hydrochloric  acid  at  the  boiling  heat  but  strong  sul- 
phuric acid  destroys  it     (Fridau,  Ann.  Ch.  Pharm.  Ixxxiii  20.) 

Cityl-etht/l-oTide  or  cetylate  of  ethyl,  C*H*.C'*H*'.0,  and  cetyl-amyl-oJide  or  oetylaU 
of  amyly  C*H".G"H'*.0,  are  obtained  in  like  manner  by  treating  cetylate  of  sooium 
with  iodide  of  ethyl  or  amyL  They  both  crystallise  in  lamin»,  soluble  in  alcohol 
or  ether:  the  ethyl-compound  melts  at  20®  C,  the  amyl-compound  at  30®.  (6.  B  ecker, 
Ann.  Ch.  Pharm.  cii.  220.) 

Cftylsodium-oxide  or  cetylate  of  eodiuTn^  C'H'NaO,  obtained  by  the  action  of 
sodium  or  cetylic  alcohol,  is  a  greyish-yellow  solid  which  begins  to  melt  at  100®  0.  and 
is  perfectly  fluid  and  transparent  at  1 10®.  It  is  not  decomposed  by  boiling  watex,  bat 
hydrochloric  acid  separates  cetylic  alcohol  from  it     (Fridau.) 

C^TTI^  BTMAMJLVm  OF.  C»*H*0«  -  C'«H»O.C'*H".0.-- Prepared  like  the 
butyrate.  Thin  white  shining  laminae,  sparingly  soluble  in  boiling  alcohol  and  in 
cold  ether,  easily  in  boilfng  ether.  Melts  at  bb^ — 60®  C^  and  forms  a  crystalline  mass 
on  cooling.    VoUtiliHes  wim  partial  decomposition  when  heated  in  a  tube.     (Handw.) 

CBTTZh  SVOCZITATB  of.  C"«H'»0«  =  (C«HH)«)'*.(C'«H")«.0«— Prepared  by 
heating  1  at  succinic  acid  with  2  at.  cetylic  alcohol  in  an  air-bath,  neutralising  witxi 
carbonate  of  sodium  and  recrystallisins  from  ether.  White  laminse,  sparin^y  soluble 
in  alcohol,  more  freely  in  ether-alcohol,  still  more  in  pure  ether.  (Tutscheff^ 
loc.  cit.) 

CBTTZ4  BVZiPBATa  (AOXB)  OF.  CetyUtdphurie  acid,  Sulphocetic  acid, 
C"H**SO*  —  C"H"  HC^'* — ^^*^'^^®^  ^y  niixing  sulphuric  acid  with  cetylic  alrohol 

at  the  temperature  of  the  water-bath  (Dumas  and  P^lisot  loc*  cit,)  According  to 
Kohler  {too.  cit.)  and  Heintz  {loc,  cit.)  the  most  abundant  product  is  obtained  by 
mixing  the  two  substances  at  the  lowest  temperature  at  which  they  will  act.,  riz.  at 
the  melting  point  of  cetylic  alcohol ;  dissolving  the  mixture  in  alcohol  and  saturating 
with  potash;  separating  the  precipitate  from  the  liquid;  concentrating  the  latter; 
treating  the  residue  with  ether,  which  extracts  undecomposed  cetylic  alcohol,  and 
leaves  cetylsulphate  of  potassium ;  and  repeatedly  crystallising  the  latter  from  boiling 
alcohol. 

Cetylsulphate  of  potauium  forms  white  nacreous  lamime,  consisting  of  interlaced 
microscopic  needles  ;  it  is  moderately  soluble  in  hot  alcohol,  less  in  boiling  wat^jr,  in- 
soluble in  ether.  It  is  not  fusible.  Heated  to  140®  C.  with  cyanide  of  potassium,  it 
yields  cyanide  of  cetyl. 

CBTT&,  smuPRZBB  OF.  (C**H^*8.  —  Prepared  by  the  action  of  chloride 
of  cetyl  on  an  alcoholic  solution  of  monosulphide  of  potassium  at  the  boiling  heat 
Chloride  of  potassium  then  forms  and  sulphide  of  cetyl  rises  to  the  surface  of  the 
liquid,  where  it  solidifies  on  cooling.  It  is  then  washed  with  cold  wat^r,  melted  in 
boiling  water,  and  repeatedly  crystallised  from  a  mixture  of  alcohol  and  ether,  till  the 
melting  point  becomes  fixed  at  67*6®  C.  It  forms  shining  scales  resembling  thow  of 
cetylic  mercaptan.  It  dissolves  readily  in  ether,  and  in  boiling  alcohol,  very  sparingly 
in  cold  alcohoL  The  alcoholic  solution  forms  a  white  precipitate  with  aeetate  of 
lead,  also  dissolved  in  alcohol.    (Fridau,  Ann.  Ch.  Pharm.  Ixxxiii.  16.) 

earn,  BVZiFHTSSATB  of.  Cetylic  Mercaptan,  C"H».H.S.  —Prepared 
bv  treating  sulphydrate  of  potassium  dissolved  in  alcohol  with  an  alcoholic  solation  of 
chloride  of  cetyL  The  product  contains  a  certain  quantity  of  sulphide  of  cetyL  It  is 
purified  by  addins  acetate  of  lead,  then  water,  washing  with  water,  and  digesting  in 
ether,  which  dissolves  the  cetylic  mercaptan  and  deposits  it  on  evaporation  in  crystal- 
line scales  having  a  silvery  lustre.  It  melts  at  60-6®C.,  but  solidifies  again  only  when 
eoolod  down  below  44®,  assuming  the  form  of  interlaced  dendrites.    It  is  sparingly 


CETTLAMIKES  —  CHABASITE. 


givM  off  a  peculiAT  odour, 
idcoholic  solation  pnxlacca,  ttter  a  whil^  i>hit«  flaecalent  pncipitalM  with 
lo  solntionj  of  rilvep-mJln  uid  of  mtmniric  chloride ;  it  iota  not  ptedpiUM 
'  latd,  pUtiDiiin  or  gold.  Hercnric  (side  don  not  act  aendlilj  upon  it, 
b  traipenitares.  (Fridao.  Ann.  Cb.  Fhann.  IzzxiiL  18.) 
lAJWCMSW-  Bu«  Ibnned  by  cha  mbatitatioD  of  one  or  more  atotni  of 
CO  of  hjdTDgen  in  a  Dolecala  of  ammonia.     Mono-  and  di-dtj/lamittt  an 

lanine  or  Sitride  0/  Crtyl.  C-H'Tt-NfCH")'.  — This  baae  i>  prodnwd 
unmoaii-gai  into  iodide  of  cetjl  heated  to  150°  C.  A  whit?  precipitat« 
F  umnosiDm  ii  thMi  fbrmed,  iiK^reaaiug  in  qoantitj  if  the  temperature  ba 
for  a  while  at  180°,  and  the  Bobstance  which  remaiDs  in  the  fiued  atuM  ia 
oe.  It  disaolvea  in  boiling  alcohol  and  crystalliaea  in  eolourleaa  needle^ 
°  C,  and  solidifle*  in  mammellflUd  nyatala  on  cooling. 
>  of  tricetylainine  ore  insolnbte  in  waWr,  bnt  soluble  in  ether  and  alcohol, 
ntbehotliqnids.  The  AyrjrwA/oniie,  CH^.HCl,  OTRalliaea  Irom  boiling 
eedle^which  are  leas  fiuible  bat  more  aolnbls  than  the  baae  ilaelf.  Fotaah 
the  boiling  aolntion  leparatea  tricetjlamine  in  the  form  of  a  heaT;  oiL 
JatiiiaU.  ■i{C"ii"S.R'Jl).Pt,lH'.  is  a  cream-colonred,  almoat  pnlTerulpnC 
inioluble  in  water,  iparingl;  aolubla  in  aloohol.  (Fridan,  Ann.  Ch. 
liii.  26.1 

ly/anw,  N.H.O"H".(?H*,  and  DketSfhiieHs/laiiiiiu,  K.(C'fH^'.C"H",  ate 
f  the  action  of  iodide  otcetjl  on  phenylemine  (y.  ft) 


,    (CO)- 


— Thia  acid  ia  known  onlr 


airi 


inm-eatt.  which  ia  prepared  by  adding  alcohol  and  hrdrate  of  potssaiDm  to 
Eolation  of  i^yLc  alcohol  in  aulpbide  of  carbon,  heating  the  mixture  a 
the  boiling  point  of  alcohol,  then  lesTing  it  to  itself  for  a  while  and 
The  dear  aolntion,  on  cooling,  depoaits  lif^ht  scales,  which  maj  be  purifled 
;  with  a  small  qaantity  of  cold  alcohol  and  disMlring  in  boiling  alcoboL 
■ '  '  '       ■  '  'c  and  unatable.     Ita  alcoholia 

;  eanaij-yellow  with  nitrate 

, ^ ,  cetate  ot  laid,   alio  blackening 

hile  geUtinoM  with  salts  of  rtnc.  Digestwi  with  hydrochlorii;  acid,  it  jielda 
bol.  (Desaina  and  De  La  FroToatuye,  Ann.  Ch.  Fbys.  [3]  tI  464.) 
>IO  JLCXB.  An  acid  pxiating  in  the  eeed  of  sabadilla  ( f'rrairum  &I&B- 
,  and  probably  also  in  the  root  of  white  hellebore  {  Veratrujn  album),  and 
m  aatKmnale.  To  prepare  it.  the  oil  eitrsctnl  &om  aabadilU  aeeda  by 
lonifled  with  potash ;  the  soap  decomposed  by  tartaric  acid ;  the  miitnm 
Jie diatillate  nsntnUiBed  with  baryta;  and  the  reaulting  barinm-aalt  stb- 
dmiese,  and  distilled  with  syruM  phosphoric  acid.  Ceradic  add  then 
3  white  nacteous  needles.  It  u  soinble  in  water,  alchohol,  and  ether,  and 
ic  acid ;  melta  at  20°  C  and  sublimes  at  a  temperatnre  a  few  degiieea 
hare  a  peculiar  odour.  The  ammonium-aalt  giTes  a  while  predpitata 
salts. 
Bnr  OF  SOKBBIV.    A  mixture  of  starch,  cellulaacs  and  aiotised  matter 

unra  or  OMTlMWrrm.  a  fermginons  rariet;  of  spinel  (Al*HsO*). 
)n,  and  other  localities,  baring  the  magnesium  mote  or  leas  replaced  by 
ind  the  ataminiom  by  ferricum.  It  is  the  pUcmatl  of  Hauy.  (See  Sfdil.) 
&aZTa.  A  mineral  belonging  to  the  Kvltte  bmily,  and  eonaistiiig  ea- 
f  hydrat«d  silicate  of  aluminium  and  calcium,  a  cn'tain  portion  of  the 
tins  however  always  replaced  by  potassium  or  aodiom.  It  crystalliBn  in 
inging  to  the  hexagonal  syatfm.  Primary  form,  an  obtose  rfaombohedion. 
angle  of  the  lermlnal  edges  —  94°  46'.  It  occurs  in  the  primary  form,  and 
ibination  R.  -}R .  -2R  Itatio  of  principal  to  aecondary  axes  -  l-QSfl. 
istinet  parallel  to  E.  Specific  gravity  20  10  21.  Hardneas  4—4-6.  Tran^ 
1  oolourleaa,  sometimes  flesh-red.  with  vitreous  lustre.  Streak  nncolonred. 
meven.  Brittle,  Shrinks  before  the  blowpipe  to  a  blistered,  slightly  trans- 
mcL  It  ia  perfectly  decompoaed  when  heated  in  the  state  of  powder  before 
pe.  It  Dccnrs  in  scattered  crystals  in  the  flaaurea  of  soms  trap  rocka,  Utd 
owi  of  osTtaio  Heodes  disseminated  in  the  same  roeka. 
ipo«tion  of  moat  rarieties  of  ehabasitd  is  nsarly  reprssBUtad  by  the  formuli 
t',43iO'  +  Saq.,  which  (if  oT  =  |  Al),  may  be  reduced  to  that  of  a  mela 
'{al" I'Si'O"  +  Saq,     Sometimes,  howerer,  the  amount  of  alkali  is  conaidiT 


CH^ROPHTLLUM— CHALCOPHACITE. 
the  fbanh  of  tlM  foUoiring  uu^ln,  wtiicli  apjaaMlu 
0"  +  6»q. 

i*  »f  aspecimm  bom  Kilualeolikin  !Reii£nnr«IuM,  ^Thon 
hernia,  by  Esmmalibeig ;  c,  ttma  Annsroile   dwi  UioHeii 
Biub  in  ual&nd,  fay  Thomaon : 
Kf  Alio*  r<>H>>  Ca"0        KKO  K*0  B*0 

■75  17«  ~  I0«7  —  l«  ai-7; 

-SI  18-lt  —  it*  O-afi  3-6S  31'Si 

00  ie-71  0-16  10-83  0'6S  OSZ  23-21 

i-»9  ie-77  (>•«)  *-07  607  —  30-7' 


lowATBT,  tha  propcntioD  of  (ilk 
on  Dsu-l;  TtpnMDted  b^  the  fonnnla  2(0>'O.Al'O').68i( 
O"  +  1  laq. :  and  htm  again,  tha  proportjon  of  slkaU-maUl 
ID  the  vanet;  called  aealialitt,  woich  ma;  bs  Npieaent«d  bj 
iir^'Si*0*'-t-llaq.  Analjaii  (  i>  dunbita  from  Dnitti 
ibaig  in  JoatUad  (BsrialiQa);  /  ia  acudiolHt,   timn  St 

noa  AM>>        C>"0         Hi*0         K'D  B-0 

.    M-SS        17-90       S-37  —  1-70        191KI  •- 

.    03-02        17-88        4-2t        <-07         303        IS'SO  « 
IBammdlAtT^t  JtineraleHmii 

to  Daaa,  ffq>Ain(efiom  Joni^  Falls  inHaijlaBdiia  manlji 
ibaaitc  ciTBlalliMd  in  •calaDohednna. — PiaeoUtt  from  Lnpa  i 
snUof  aiimlarcoiiilitiitioa,bat  containiaglaM*«ter,n>.  (M* 

PHV&Knb  TIm  ficeh;  root  of  fn^rapAjfUuM  btMotum, ' 
laa  in  France  aa  an  artii^  of  food,  haabeen  suuninod  bjPa 
IB),  and  comparsd  witli  tliat  of  Ilie  potato  (a  yellow  TaiiaQr] 


63-618    . 

Sec 2S634    .       .       , 

^ 1-200 

1  and  other  nttmgeBona  rabotanaea     .      2-600    . 

0-S48    . 

a  matten l-fOO    . 

B  and  pectin-iabatancea  .        .      2-IOD    , 

•on  i*  eridsntlj  to  the  advantaoe  of  the  ebatephylliiiD. 
T.  Areli.  Fhann.  *.  Brandea,  znii  17«>.  the  aeeda  of  thia  I 
:i«n>plyU>f>a  Jtrmt  ipedaa  of  duentphjUniD  an  aromatic 
iBXTA  TOKTC&XXAi  An  nlmacecma  ^ant  poaaHadog  poi 
UlTSlT&i  Native  aolpbate  of  copper.  (See  Smrm^Taa.) 
tDOWT  or  Calctdong. — A  Taiis^  of  qnaiii  exhibiting  varic 
r,  greyi  brown,  green,  and  blue.  It  baa  luoall;  the  anbiaed  1 
■arent  or  banalueent,  aome  milk-white  varietiee  being  opaqae. 
ind  botrjOl'dal  Bhq>n,  and  aa  atalactitca  in  caTitim  roofed  or 
I  Fnchi^  it  ia  troe  qoartc  witb  aome  opal  diamuinated  thro 
alcedony  an :  agate,  faraelian,  csf ■  eye,  chi^aopraae.  flin 
k,  and  Band  (a.  v.)  Commoii  chilcedony  ocean  in  Cne  toadati 
trap  roeka  of  Fifeshire,  the  PentUnd  Hills,  and  the  Hebndcs 
u  in  Tnraaeua  Mine  in  Cornwall,  in  Iceland,  and  in  the  Fai 
IKTXi  A  hydnted  magDesio-fecnnu  silicate  foond  new 
intj,  New  York,  and  originally  miataken  for  cacoiene. 
alar  masses.  bsTing  a  bronie-like  aspect,  or  aa  a  deposit  npc 
L  pcisnta  with  very  distinct  cleavage  in  one  direction, 
•wn  to  bUcHsh-ereen,  with  Bomewhat  lighter  streak.  Loatre 
ige  &CCB.  metallic  aod  nocreDua.  Very  flexible  in  thin  lamini 
ion  the  blowpipe,  it  gives  off  water,  and  exhibits  the  read 
:  add  does  not  act  npon  it  in  the  cold,  bnt  when  heated,  d 
on  of  silica.  (C.  U.  Shepard,  SOL  Am.  J.  [3]  xiv.  2e&) 
>xaTS.  See  Un^NTiB. 
VBACHTK.    Octabednl  anenata  of  copper.    (3m  Iabocc 


CHALCOPH YLLITE  —  CHAMPAGNE   WlH E.  b4S 

lOmX&XTM.    Sya.  trith  CopPIB-litCA. 

loaTUUTB,  Native  inlphantimoiute  of  copper.  (See  WouaenMin.) 
!OTKZCHZT&    Natire  cupraiu  oxide.    (Sea  Coppbk,  OzmBa  uf.) 

UTX>  This  Duae  ii  applied  t«  two  mbenla  found  imbedded  in  Rn>v 
ae,  from  the  count;  of  Anirim  in  Irrland.  One  of  these  minetaJa  u 
with  conch (ij da]  fracture;  cteom-coloured,  with  faint  wuif  luatn;  tnus- 
he  edges,  with  faint  Instre  on  the  streak  ;  liightl;  nnrtnoui  to  the  tODcb, 
Dg  to  the  tongue.  In  water,  it  falls  to  pieces  with  decrepitating  noiM.  It 
led  "by  hrdiwhlorio  acid,  with  separation  of  pnlTerulent  silica, 
g  to  V.  Hauer  (Wien  Acad.  Btr.  lii.  228)  it  contains 

HO"  41"0»  FfO         CO  WrO         '   >i*0  T«.l. 

4411         1090        I'OS        67i         1301        21-07  -  9888 

I  of  sanganwa  and  potassium,  whence  the  formula:  4M''O.Al'0*.6SiO'  + 

er  minenl  (Sirt  analjaed  by  Thomson)  ii  a  danse  aggng&la  of  concen- 
sus apherulFS,  of  pale  blood-red  colour ;  gliMeoing;  bansIaceatoD  the  edges; 
~  6,  and  specific  gravity  2'21.    It  doe*  not  tail  to  pieces  in  wntar,  and  vhen 

i.  18),  gave : 

iio-        Ar<P        ¥r"v        cs"0       Mr'o     ir>iii«i.      tow. 

8'2S         3T71  tiace         1301  686         14-82    -   89'Ifi 

g  formula  6M"0,*Al«0'.8SiO'  +  12H»0  (Kenngott,  Jahrosber.  f.  Chem, 
li.  842).  Both  ntnerals  are  orthositicatn,  the  formula  of  the  first  being 
3(M')'(ar)"Hi'Si'0»  +  7aq.whichi8ofthefomiBH'SiO'  +  7Bq.,  aodthatof 
to  {M"t"(nr)'Si'0i*  +  4iu].  or  3R'SiO'  +  4«o. 

E.  FHaUe  caibenate  of  ealciain,  rer;  abundant,  «nd  filming  the  appcr 
tlie  cretaceous  group  which  occupies  Dearly  the  whole  of  the  sonth-esstoB 
jland,  and  a  couaiderable  portion  of  the  north  of  France.  It  is  white  and 
r;  aoft,  and  without  the  least  appearance  of  polish  in  ita  &Beture.  Specific 
:  to  2-ft.  It  contains  about  2  per  cent  of  clay,  beeides  &ee  silica.  Some 
perhaps  meet,  contain  a  little  iron.  Sometimes  also  magn£eis  and  chloride 
oeeni  id  tmsll  quantities.  It  ma;  be  purified  bj  trituration  aod  elutria- 
iuooM  and  ailiceons  particles  subsiding  first,   while  the  puie  chalk 

MBpended :  thin  putiSed  chalk  when  djied  is  called  vihilin//.    Chalk 

'tif  used  ia  agriculture,  as  an  addition  te  soila  which  an  diificient  in 

le  eiriUlt  is  also  occasionally  applied  to  other  e«rth;  minerals ;  thus  Black 
peculiar  kind  of  slate,  also  called  Draining  ilale,  which  produces  a  black 
Bsk  on  paper,  and  ii  used  in  crayon  drawing.     Bed  vkalk  is  a  clay,  coloure<? 

K  axons.     Oonty  concretiona  in  the  joints,  so  called  &om  their  reaeni- 

halk.    The;  consist  mainl;  of  nric  odd. 

KOBZV&     Syn.  with  Coppis-ai.ufCB. 

ramA.Ta  ITATBKB.     Mineral  water*  containing  carbonate  of  iron  dia- 

ices*  of  carbonic  acid  (p.  78£}. 

rsxn     Native  carbonate  of  iron  (p.  784). 

muBOW  MUinUJb,    Hangsnate  of  potassium.    (See  HanaaBaiss^) 

KBOVB  BUaEZKXB.    The  leaves    of  this  palm  are  coated  with  wax, 

; alcohol  into carin and m;Ticin.  (Tescbemacher.ffwUnfer'sPilytarilnnir, 

OXsrra.  A  black  earthy  minotal  from  Chsmmain  in  the  Yalaia,  contain- 
ing to  Berlbier  (Ann.  llin.  v.  393),  14-3  per  cent,  silica,  60fi  fprmui 
ilumina,  and  17'4  water  (-^lOO).  with  IS  per  cent,  of  carbonate  of  cfilrium. 
pa  a  miitore  of  magnetic  iron  ore  with  a  hydrated  eilicate  of  alnminium. 
OTTS>  A  mixture  of  ftre-cla;  and  fragment!  of  burnt  pottery  uacd  for 
e-bricks,  pipes,  cmciblea,  &c,  Chamottt-Oona  from  the  kaoHc  of  Halle. 
b;W8ckenroder(Arch.  Pharm.  [2]  liiv.  27),  to  contain  8600  per  cent. 
3  alumina,  2*23  ferric  oxide,  and  a  trace  of  magneaia ;  loss  b;  ignition  I'OO. 
VAOVB  Wins  ie  made  from  selected  grapes,  red  and  white,  the  mu^t 
ifter  fermenting  in  the  vats  from  12  to  IE  hours,  is  drawn  clear  off  into  tlie 
I  racked  off  about  Chriitmaa,  once  more  after  four  weeks,  and  then  fined  with 
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CHANTONITE  -  CHEESE. 


iBinglass,  which  treatment  ia  also  repeated.  The  new  wine  is  pnt  into  stout  hottlee  is 
the  month  of  May,  leavins  about  2  inches  empty  under  the  corks,  which  are  wired 
down ;  and  the  botUes  are  laid  on  their  sides  for  the  progress  of  the  fennentatton : 
from  6  to  10  per  cent  of  the  bottles  burst.  This  stase  of  the  process  is  completed 
in  September,  when  the  bottles  are  placed  on  their  mouths,  and  left  so  for  fourteen  days 
to  let  the  sediment  settle  in  the  neck,  which  settlement  is  promoted  by  a  slight  shak 
ing.  By  dexterous  opening  of  the  bottles,  the  muddy  depoirit  is  discharged,  and  the^ 
ve  then  filled  up  with  clear  wine,  corked  afresh,  and  jpacked  im  for  transport,  the  cork 
being  covered  either  with  melted  resin,  wax.  or  tin-foiL  in  seasons  or  districts 
when  the  must  is  not  sweet  enough,  sugar  is  added  hv  pouring  a  thimble-full  of  syrup 
(called  liquor),  into  each  bottle,  the  wine  destined  for  Bussia  receiTing  a  double 
oose. 

A  like  procedure  is  followed  in  making  the  sparkling  wines  of  Germany,  as  on  the 
Hoselle,  and  at  EssUngen  in  Wtirtemburff.  Carbonic  add  gas  is  fi^equently  condensed 
by  an  air-pump  into  the  other  more  or  fess  factitious  froUdng  wines  of  France  and 
Germany.  U. 

CKaVTOMZTB.    A  mineral  said  to  exist  in  certain  meteorites  ($.v.). 

CBA&iL  FCBTIDA.  The  ash  of  this  plant  has  been  analysed  by  Schuls-Fleeth 
(Fogg.  Ann.  Ixxxiv.  80).  Two  specimens  of  the  dried  plant  yielded  64*68  and  68*39 
per  cent,  of  ash,  the  chief  characteristic  of  which  was  the  yery  large  Quantity  of  lime 
which  it  contained,  viz.  42*7  per  cent,  which  exists  in  it  almost  entirely  in  the  form  of 
carbonate.  The  water  in  which  the  plant  grew  yielded  in  100  pts.  0*1618  pt  of  solid 
matter,  of  which  0*104  consisted  of  carbonate  of  calcium. 

CBASCOA&.  See  Cabbom  (p.  769) ;  also  Urt^s  JHotionary  of  AriSf  3fant{fac' 
tures  and  MineSy  i  616). 

CHATBAMXTB.    Native  arsenide  of  cobalt.    (See  Oobalt.) 

CBAVZCA  OWWlOTKAMTndm  One  of  the  names  of  the  plant  which  yields 
lofiff  pepper,    (See  Pbffbb.) 

CBAT  or  CBATA  BOOT.  The  root  of  the  Oldenlandia  umbdUUOj  which  grows 
wild  on  the  coast  of  Coromandel,  and  is  likewise  cultivated  there  for  the  use  of  dyers 
and  calico-printers.  It  is  used  for  the  same  purposes  as  madder,  to  which  it  is  said 
to  be  fEur  superior,  giving  the  beautiful  red  so  much  admired  in  the  Madras  cottons.     U. 

CBBBBB  is  formed  from  milk  by  coagulating  it  with  rennet ;  separating  the  curd 
from  the  whey ;  compressing  the  curd  in  moulds,  after  it  is  duly  seasoned  with  salt ; 
and  keeping  this  sohdified  milk  in  a  cool  place  for  some  time,  to  allow  it  to  undergo 
a  kind  of  fermentation,  by  which  it  acquires  the  flavour  and  othor  well  known  pro- 
perties of  cheese.  The  chemical  changes  undergone  by  the  casein  in  this  procem* 
are  little  understood.  The  milk,  before  it  is  coagulated,  should  be  heated  to  about 
85°  F. ;  then  it  receives  the  rennet — the  infusion  in  water  of  the  stomach  of  a  n  low- 
born calf^  commonly  salted  and  dried  to  make  it  keep.  The  rennet  effects  its  curdJing 
completely  in  about  an  hour  and  a  hal£  The  curd  is  cut  with  a  three-bladed  knife ; 
drained  of  its  whey ;  broken  down  by  hand  or  otherwise,  subjected  to  compression ; 
then  comminuted  more  completely;  put  into  its  mould;  and  exposed  to  a  graduated 
pressure,  commonly  under  a  heavy  weight,  but  in  large  dairies  by  a  screw  press,  which 
can  be  progressively  tightened.  The  comminuted  curd  may  be  well  salted  by  en- 
closing it  in  linen  cloth  and  immersing  it  for  one  day  or  several  days  in  brine.  It  is 
then  drained,  wiped,  and  set  away  in  a  cold  room.  Itoquefort  cheese  is  made  from  a 
mixture  of  sheep  and  goats'  milk,  and  is  ripened  in  a  chambw  or  oeUar  having  a 
very  low  temperature.  U. 

The  following  table  exhibits  the  composition  of  several  kinds  of  cheese,  as  deter^ 
mined  by  Fay  en  (J.  Fharm.  [3]  xvL  279). 

ComponHon  of  Cheese, 


Water 

In 
100  pts. 

Aah 

inl0U|>u.  of 

■ubauDce : 

Nitrogen 
in  100  pts.  of  aobstancet 

Fat 

io  100  pta.  of 
aobciance. 

normal. 

dry. 

normal. 

dry. 

aab-free 

normal. 

dry. 

Cbfete  from  Chester 
M           Brie 
n           Neufchatel 
„            Marollea 
M           Roquefort    , 
n            Holland 
,•           Gru)-drt«     . 
w           Parineianu . 

30-39 
ft3  99 
61  H7 
40-07 
26»a 
41-41 
82-05 
30*81 

4-78 
5-63 
4-25 
5-98 
4*45 
6-21 
4-79 
709 

6-8R 
1208 

n-i7 

991 
606 

10-61 
705 

lOlfi 

556 
2-39 
2*28 
873 
507 
410 
5-40 
5*48 

8-00 
ft  14 
5*99 
994 
6-91 
701 
796 
787 

8-fl9 
6-85 

entr 

692 
7X5 
784 

%m 

876 

25-41 
1483 

1874 
98-73 
33-81 
fift-06 
»«*40 
2168 

33  29 

4:-9«. 

43  99 
41-81 
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N»»0      CiC        MgO       Fe-O"       CO"         PK)*         NaCl 
7-33        2-JS  ■-         0-11        003        13-68        72-47  -  lDl-02 

3-«7      17-82        O'Sl        017        008        30'M        »'37  -  100-83 
id-eliee*#  exhibited  tn  alki.litie  reBttion;  gaTC  off  46-3fi  per  ceDt.  walei  ■( 

le  dried  Fubatance  pelded  1286  per  cent,  nittwen  ud  I3'1S  per  cent,  Mh, 
irheeie  yielded  44 '70  percent,  iruter,  and,  after  <byiiig,8'0  per  r«nt  nitn^i 

■reparation  of  eheeee,  aee  TraiU  dt  CUmu  ginirait,  far  Ftbun  et  Frimy, 

SI 3,  and  Mvtpraitt  Ckrmutry,  artjde  Csiimb. 

^AKTXira  CMBZXX.     Walijloaer. — The  fragtant  Bowert  of  thii  plant 

^r  taiite  like  tbat  of  cresa.     The;  contain  ■  ealieUnce  irbich  aaaumai  i 

ilom'  in  contact  with  aulphurlc  acid.    The  leedi  oontain  mynxin,  bat  nc 

id.     (SocilfdnT'i  Phylockenut,  p.  98.) 

IBTTKSXn.     Ad  alkaloid  existing  !n  rerj  muU  qnantity  in  Clutido- 

t  (Probst,  Ann.  Ch.  Pharm.  xxii.  120  ;  xiii.  2S0).     It  forma  orange-red 

according  to  Scbiel  (SilL  Am.  J.  [2]  ii.  220),  U  identical  with  sangui- 

Q"0>,  the  alkaloid  of  Saagvinaria  carmdaitu.     (See  S^nauiiiMUra.) 

BOVlO  ACZS.  ffBH)*- "^'^^IJO*.  (Probst  Ann.  Ch-Phann.  nix, 
-h,  ^rid.  IviL  273.— Hntatein,N.  Br.  Arch.  Ixr.  S3.  — Om.  xii.  413.— 
7S1). — Thia  acid  exists  in  all  parts  of  Chdidonium  iivyvt,  the  conimoD 
in  ths  form  of  a  calcium-salt,  together  with  malic  acid  and  another  acid, 
imaric :  it  is  most  abundant  at  the  flowering  time.  To  obtain  it,  the  ex- 
M  is  rosgulatod  bj  heat  and  filtered.  The  fiiCrate  is  aciduluCed  with  nitric 
irate  of  lead  is  added  in  imall  quantitiea.  aa  long  as  a  crystalline  preeipilatc 
wis^  taken  cot  to  add  too  much  either  of  the  acid  or  of  the  leud-salt.     The 

which  contains  Lime,  ii  diBbsHl  in  a  large  quantity  of  water  and  decomposed 
etteil  hydrogen,  which  takes  pLuce  alowly;  the  Bolution  of  acid  clielidonate 
is  nentraliBed  with  cbalk  and  boiled  with  animal  charcoal ;  and  the  neutrul 
sporated  till  saline  crista  form.  After  cooling,  white  ciyatiUe  are  obtained, 
lustre,  which  are  to  be  purified  by  repeated  cry  stall  iaalion.  To  9cp:inite 
ie  chelidonate  of  calcium  thus  obtained  is  dissolved  in  water,  the  solutlou 
1  with  carbonate  of  ammonia,  and  the  concentrated  sohition  of  chclidoiiHlf 
um  mixed  with  twice  its  Tolume  of  moderately  dilute  hydmchlorio  acid, 
acid  is  then  precipitated  as  a  mass  of  cryetalline  needles,  wliicb  are  to  W 
a  filter,  washed,  and  porifled  by  cJTstalliaalion  from  hot  wuler. 
lie  acid  thus  prepared  contains  S  at.  water  of  crystallisalion,  C'H*0'.2HM), 
lixes  off  (amounting  to  0 '2  per  cent.)  at  lOO'^C,  or  when  lea  oTer  oil  ol 
y  spontaneous  evaporation  it  may  be  obtained  in  long  needles  containing 
r  (12-7  per  cent).     It  dissolves  sparingly  in  cold,  more  freely  in   boilinfi 

solntion  solidiiying  aa  it  cools.  According  to  Probst,  it  requires  foi 
e  pta.  of  water  at  S°  C.  and  26  pts.  at  100°.  Ic  dissolves  In  hydrochlorif 
he  adds  more  abunduitly  than  in  water,  and  in  700  pta.  of  7$  per  cent 
12=0. 

1  dried  at  100«C.  nvee  off  20  per  cent  (}  at)  water  at  160°.  pmhahly 
d  dacomposition.  If  the  heat  be  continued,  no  further  loss  tiikes  plact 
10°;  but  at  that  tempera  ton  the  add  sustains  a  considerable  though  not 
lie  lass;  between  220°  and  225°  decomposition  takes  place,  the  residof 
oft  blackening,  and  giving  off  carbonic  anhydride.  The  black  mass,  treated 
r.  yields  an  acid  which  crystallises  in  yellowish  crusts.  Chelidonic  acid 
abght  detsnation  when  heated  in  the  air.  It  is  scarcely  attacked  hj  strong 
:  but  moderately  dilute  nitric  eonverta  it,  with  evolution  of  nitnc  oiid4 
lie  (shTdriile,  into  another  add ;  mstic  acid  dnea  cot  appear  to  be  formed. 
acid  dissolves  without  decomposition  in  cold  oil  of  vitriol;  but  on  theappU- 
sat  the  solution  becomes  yellowisb.  and  gives  off  gsi-bubblee.  H!>sumei  s 
red  colonr  at  the  boiling  heat,  bat  after  long  bailing,  gires  off  sniphamiu 
niures  a  dnll  nndefinaUe  coloar.  When  the  ealcium-aalt  is  boiled  with 
Jic  add  is  produced.     (Lerch.) 

nt-Tta. — CheUdonie  add  is  a  stroni;  scid,  i^i<<<nlTinc  'ine  and  iron,  with  eT» 
bjdrr^sn,  aad  deeompcaii^  carbonatM.  It  is  tribaaic,  uid  forms  three 
alts,  ris.  Cmtyy  or  CH'tf-O" ;  CH-MW  or  Cfi'M-O" ;  andC'H'MO' 
O" ;  besides  a  few  add  Mita  containing  C'H'MO'.C'H'O'. 


CHELIDONIC  ACID  — CHELIDONINE.  8-1 

wmmm  m  duk^r  colour,  Bod  oltimiilely  baeomM  bUd-bnnm  and  opaqu 

n  its  pale  jellav  iwloiir  wSter  some  time ;  on  heating  the  liquid,  the  ehangi 

take  pltM  more  qoicUy.    The  daik  brown  liquid  forma  vith  ammonia 

m  [ntcipitale,  whicb  b«eomM  bUck  when  treated  with  a  Uxger  qoantity  i 

probab^  tma  fornuition  of  pratoiide  of  iron, 

unatti  of  Liad.—A  b<uio lali,  C"H<Fb*0".SPb'0,  i*  obtuoadbjaddii 

ibic  nit  mixKl  with  ammonia  to  baaic  aeetata  of  lead. 

ilwnAic  Mil,  C'HTPb'O",  i>  produead  bj  tnating  tha  diplnmbic  aalt  wil 

or  bv  mixing  a  cold  aolation  of  die&leic  chalidonata  with  basic  acetate  < 

.!o»i»h-whit«  flakea  are  then  depoaited  containing  3  at  wator  (C'H'Pb'Oi 

lich  in  giren  off  between  160°  and  160°  C,  the  aalt  then  toming  Tellov.    . 

na  are  mixed  at  tbe  boiling  heat,  tha  aabjdRma  aalt  ia  produced  at  once  i 

t  a  letDoa-jeliow  preei[ritate,  darker  in  colour  if  mind  with  ths  preeedini 

iiiaad  and  detompoaed  bj  acids.    Inaolnble  in  water  and  in  alcobol,  aohib 

ta. 

iapIiiniwiati,l7H'Pb''0'-«-aq.,iadepaait<d,  on  mixing  theinonocalcie  aalt  wil 

lead,  in  amaU  duning  t^atalline  aulci  or  alender  uMdlea;  which  are  inai 

tar,  aoluUe  in  lead-wuta  and  in  ordinaij  ationg  nitiis  acid,  but  not  in  flunin 

7nale  of  liagneti%vi. — EfBoreacent  needles,  obtained  hf  nentralinng  tl 

IS  add  with  earbonate  of  magnednm. 

enattt  of  Polanium. — The  tripotaitie  vdt  ia  deposited  in  jellow  citi 

■olutioDofthedipotanicaalt  mixed  withcanaticpotadi.  It  has  no  alkalit 
hen  para,  but  absorbs  carbonic  add  from  the  air,  and  is  conTerted  into  tl 

dipotasaie  salt.    Boiled  with  excess  of  caustic  potash,  it  jielda  oxalate  i 

atauio  talt  is  obtained  hj  decomposing  the  dicalde  salt  with  carbonate  i 

onale  of  calcium  and  polamum,  CHECk*0*,  is  obtained  by  mixing  a  ODI 
wlution  of  the  dicalde  wit  with  an  equivalent  qoantilj  of  carbonate  of  pi 
In  a  veiy  dilute  solution,  the  lime  is  immediate!;  predpitated  •■  carbonat 
onatti  of  Silver. — The  triargmtic  itdt,  CHAg^',  is  obtained  bj' precip 
tricaldc  or  the  dicalde  salt,  mixed  with  ammonia,  with  nitnte  of  siWer.  ', 
■  Tery  unitableprodpitMe. 

rgmtie  talt,  (TH'Ag^,  ia  produced  by  dissolring  oxide  of  silTer  in  chel 
,  or  by  piedpitating  the  dicalde  salt  with  nitnte  of  <nh«r  and  hestins  I 


by  piedpitating  the  dicalde  salt  with  nitnte  of  <nh«r  and  hestins  I 

nt.    It  then  aeparates  on  cooling  in  long  colourless  needle*  rvwrnblii 

silver.     It  ia  permanent  in  the  air  at  ormQary  temperatuieii,  and  ii  ni 

tween  lOO''  and  200°  C. ;  decompoHs  with  slight  detonation  between  \V. 


It  disBolTei  in  water,  ammonia,  and  strong  nitric  add,  but  not  in  aleoho 
a(«D/»Wtiwaniica/dum,Ci'H'Ag'Cii"0",ii  obtained  bjniiiingftconwmtrtH 
ilsolntionof  thedicdlpicsHltwirh  n  concentralwi  solution  of  nitrateofailTa 
yellow  predpitate.  which  alters  bat  little  in  dicing,  and  is  decompoasd  b 
'  after  long  eontiniied  boiling. 
anaiti  of  Sodium. — The  triiodie  mil  has  not  been  obtained  in  definil 

tdie  tall,  C'HTta'0"  +  *aq,  is  prepared  by  decompodng  the  dicalde  a* 

mate  of  sodium  ;  care  must  be  taken  not  to  add  too  large  an  excess  of  tl 

ch  would  give  rise  to  the  nmnltaneous  fbrmation  of  trisixUe  chstidonate,  ai 

■alt  containing  both  caldum  and  sodium,  a  reactiOD  which  ia  immediate] 


They  contain  21  Ifl  per  cent.  « 
.which  Ifl-a  percent,  goes  ofC  at  100=C„  the  net  between  ISO"  and  180°. 
vitodie  tail,  C'H'NaO'  +  2aq.,  is  obtained  in  slender  needles  by  treating  tl 
t  with  cheHdonic  add. 

>dio  salt  treated  with  bi       _    .       

Lch  appear  to  consist  of  an  aeid  tait,  U"±l"BaO*.C' 

enalt  of  Strontium. — Slender needlea  obtained  I^  dissolTiDg  the  carb< 

plidonic  add. 

onate  o/Zine.— Obtained  by  satnratingths  add  witil  oxide  of  tine;  it 

.  and  has  an  add  reaction. 

BMVZira.    CR-n'O'i?}    (QodefroT,  J.  FhamLllee.  1824;  Probs 

Pharni.xTix.liS;  Eealing,  ifci  131;  Will,  tWA  ixit.  113;  Qerb.  i 

.  alkaloid  contained  in  all  parts  of  the  Chdidonivm  tn^vt,  ««p«eia1Iy  is  tl 
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I  afflni^  tad  chemical  oambmatuia  we  not  naed  bj  ail  writen  in  tiactlj 
aa.    L.  QmeliD  deflnei  affini^  as  "the  power  by  Tirtae  of  which  bodiea 

nature  eombine  tosetber  into  ■  whole,  wludi  appean  eerfectlyimifonn  to 
Ten  when  auiitedby  the  moat  povarfU  inatnunenta  (Handdoei,  i.  33). 
he  appliea  it  to  miztorea  of  liquids,  as  of  aloohol  and  wattr,  aL»liol  and 

&£.,  and  to  BolatioDS  of  aolidj  in  liqnidi,  as  of  aalta  in  water,  reaiiia  in 

as  well  a*  to  comliinations  in  definite  pcoportion.  Host  chemists,  how- 
i  diatinctioii  between  miztares  aikd  solntiona  od  the  one  hand,  and  coin- 
ed in  definite  proportions  on  the  other,  restricting  the  term  "chemical 
ttte  fiiToe,  whatever  it  mjij  be,  that  is  concerned  in  the  formation  of  the 
■taw  4^  Qmalin's  Tiew,  it  may  be  alleged  that  mixtnres  of  liquids  and  so- 
able  chemioal  compoanda,  commonlj  so  ealled,  in  thwe  respects,  that  they 

nnijhnn  in  oolonr.dsDai^,  iefl«etiTepow«r,aiid  other  pbyaioal  diaraetwa, 

(hvMwhieh  bokUtliebetetagienoiBfaTticleatOKetlMrin  thcmis  tnffleieut 

tendeni^  to  a^Miata  arising  from  diShrence  ofdenai^  (s.  g.  a  mixture  of 
Icohol,  nerer  aeparatea  into  two  l^er^  like  oil  and  water),  ud  can  only  be 

the  aame  meant  M  are  applied  to  th«  deatmetion  ^  the  mare  intimate  kind 
one,  viz.  heat,  or  the  lupraior  affinity  of  another  aabataoM^  as  when  nain 
3d  (ram  its  solntion  in  alcohol  by  addition  c^  water,  or  carbonate  of  potas- 
a  aqneons  solutioa  by  hIodIioL 

,  however,  eeveral  well  marked  duraders  by  which  chemical  combination 
intimate  kind,  such  as  that  of  o^nn  and  hydrogen  in  water,  hydrogen 
I  in  ammonia,  anlRhDr  and  mereiuy  in  dnnabar,  tec,  is  distingnished  from 
«  or  solntimi.    lliese  distinctionB  relate  to  the  proportdoni  in  which  the 

of  the  compound  are  united,  to  the  character  of  the  componnd,  and  to  the 
3S  attending  its  formation  and  deeomposilion. 

aids  proportion.  Uiitnre  and  solntion  follow  a  Uw  ot  eontinni^.  Hia- 
,  such  as  aloohol  and  water,  may  be  mixed  in  any  proportione  whateter, 
lissolves  in  a  liqnid  in  all  proportions,  np  to  a  certain  limit,  the  point  of 
bnt  chemical  combination,  properly  so  caJled,  takes  place  in  certain  definite 
and  no  othen.  Xhns  hydrogen  and  chlorine  nnite  only  in  the  ratio  of  I  [^. 
f  hydrogen  to  3S'5  pta.  of  chlorine ;  oxygen  and  carbon,  only  in  the  ratio 
bon  to  8  und  16  pis.  O^gen ;  nitrc^n  and  o^gen.  as  14  pta.  nitrogen  to 
113  and  40  pts.  oxygen;  lead  and  oxygen  as  103-5  lead  to  B,  lA  and 
;en,  mercury  and  snlphnr  as  100  mercnry  to  8  and  16  pts.  sulphnr,  £e.  tt^ 

indeed,  the  number  of  componnds  formed  by  any  two  dements  ia  definitl^ 
ition  never  takes  place  in  any  intermediate  proportjona. 
•hich  r^;;ulateB  tiie  proportions  of  the  serenl  componnda  of  the  same  two 
Jed  the  "Law  of  HnltiplH,"  and  may  be  thus  expressed ;  The  sem*) 
in  which  two  bodies,  A  and  B,  nnite,  may  be  represented  by  the  fbnnuln 

2B,  A  ■)-  SB. .  . .  A  +  fiB,  or  !A  +  3B,  2A  +  SB, . .  .  3A  +  4B. .  . .  or  in 
+  nB  ;  where  m  and  n  are  integer  numbers  in  most  cases  not  exceeding  7,  at 
ic  compoanda.*  We  hare  seen  in  the  srtjela  Atoxic  Wiiohtb  (p.  4G3), 
obeervation  of  these  proportions  which  led  Dslton  to  the  idea  of  the 
ry.  In  short,  if  the  nltimale  atoms  of  the  several  elements  be  supposed  to 
un  inrariaible  relative  w«ig:hta,  and  to  unite  and  form  chemical  componnda 
lxt^HMition,  in  the  praportion  of  1 ;  1.  1  :  2.  2  :  3,  &c.,  the  law  just  enun- 
n  aa  a  matter  of  cooroe.  It  is  poaeible  that  the  distiDctioo  between  bne 
mbination  and  mixture  may  be  found  in  this :  that  ciHnbination  takes 
;n  ultimate  atoms ;  mixture  between  the  physical  moleenlee  of  bodies,  which 
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of  tlw  raeccBnTe  bunding  np  of  chraiiral  conponndt  io  bisuy  snnip^ 
uaiutie  T%eory  is,  howsTsr,  oot  tlie  oalj  one  Uut  am  be  takeD,  or  mdeed 
<:Fordi  best  with  the  present  atate  of  luiovledge.  It  is  for  manj  reuotm 
aid  ill  compounda,  whether  coutumDg  two,  three,  or  morr  ejemenb,  u 
iccoiding  to  eertain  typical  fomu ;  far  eiimple,  chlorides,  iodides,  bro- 
Tsuides,  as  formed  on  the  ^pe  of  hf  droclilaric  add  HCl ;  acids,  buses, 
atainiiw  ozTgen  or  adlphur,  Mleoiumn  or  tellurium,  as  formed  ou  the 
IT  BH.O,  &C.  This  it  called  tlie  Unitary  TTumy.  (See  Ci.kt6inct.Tioa, 
UMTIIUTKtK,  Tmt,  aod  the  various  uticlea  in  which  particolar  cam- 
described.)  It  is  true,  indeed,  thut  rampauiida  conluiniii^  three  or  moto 
y,  in  manj  instances,  be  formed  by  the  direct  anion  of  bjnarj  compounds 
rder;  thui  danble  chlarides  and  iodides  aie  formed  by  fusing  togelfaer  the 
imple  chlorides,  or  bj  mixing  their  aqueous  solotiaDi  and  leaving  tliem  to 
sulphor^alta,  such  as  Na'S.As'S*,  bj  fniliig  together  the  simple  sulphidiii ; 
also,  in  soioe  instaneeo,  by  heating  tosetber  the  so-called  anh;drou|i 
a  baas;  Ihna  bono  anhydride  and  magnesia  fused  together  in  ILe  proper 
'arm  borate  of  ouifnesiniii,  SM^'O.BK)'  or  Mg'(BO*)';  and  anhydrmw 
d  Id  vapour  of  sulpAuric  anhydride,  bums  and  forms  sulphate  of  baiiuia, 

Ba'90'.  But  it  by  □□  means  follows  that  the  aTrangemenl  of  the  atom* 
iug  conipoiind  mun  be  the  same  a*  in  the  simpler  compeunds  &om  which 
;  tLiu,  iriiile  the  mode  of  formation  of  sulphate  of  bannm  jurt  mentioned 
to  the  suppositjon  thiit  it  is  Ba'O.SO*,  other  mode*  of  formation,  and 
reactions,  iadimle  rather  that  its  eonstitntion  is  rgpTcoented  br  tha 
SO'  or  SO",Bft".0'. 

lerratioii*  apply  chiefly  to  inorganie  eompoands.  Organic  bodies,  «ilh 
1  of  cyanogen  and  the  taydcocarbona,  all  contain  at  least  three  elements. 
istic  Tiew  of  the  building  up  of  compounds  by  pairs  cannot  be  applied 

all,  eicepting  on  the  suppoeition  that  they  contain  certain  eomponnd 
1 1»  ethol,  CH*,  bmrayt,  CH'O,  &e.,  which  pU;  the  samo  part  ss  metals  in 
mpounM.  uniting  like  simple  radicles,  with  oiygen,  chlorine,  bromine,  Ik, 
:lp  of  these  ladides,  some  of  which  hare  been  obtained  in  the  &ee  slstf. 
ion  of  the  best  knovn  otgaiiic  compounds,  such  as  the  alcohols,  ethers, 
icetones,  and  their  denTstiTea,  may  be  n— itntlatjJ  to  that  of  inorganie 
and  represented  either  on  the  onitaiy  or  the  dualislie  view. 

Formation  and  DtcompoiUiiM  ef  Citmieal  Confound*. 
al  combination  involTea  a  total  change  in  the  airangement  of  the  atoms  of 
ig  bodies,  it  is  deal  that  cobeaian,  which  tends  to  bold  them  in  esrtain  fixed 
1st  be  opposed  to  chemical  union,  and  on  the  couttaiy,  anything  which  girea 
he  partidee  of  the  two  bodies^  and  enablce  them  to  intermix  and  i^>pioach 
.  distances  of  each  other,  such  as  pnlTerisalion,  and  more  especially  lique- 
t  tend  to  promote  it. 

Uy  speaking.  OR'  al  Uatt  of  the  condnning  ioditt  MUtt  it  ritlur  in  lie  liquid 
tout  itaU,  and  if  it  be  not  so  at  ordinary  lempprBtorea,  it  must  b«  brought 
.te  by  elevation  of  temperature.  Solid  bodies  eitlier  do  not  combine  at 
combioation  is  attended  with  great  difficulty,  beeaoae,  from  the  immobility 
idea,  their  pointa  of  immediate  contact  are  bat  few,  and  the  exceedingly 
compound  which  may  be  formed  at  such  points,  acts  as  a  partition  to  pre- 
contact  and  consequently  further  combination.  But  by  continued  mbbinf . 
■s  the  points  of  contact,  more  complete  combination  may  oiten  be  effected  : 
ler,  finely  divided  copper  may  be  made  to  combine  with  sulphur,  the  com- 
Qg  even  attended  with  rise  of  temperature.  If|  on  the  other  hand,  the 
irmed  by  the  two  solids  is  itaelf  fluid,  its  mobility  gives  rise  to  mntiiiu- 
[  contact,  and  combination  goes  on.  Thus  ice  under  0°C.  unites  with  chlo- 
mand  other  salts,  and  solid  amalgam  of  lead  with  solid  amalgam  of  bismittb. 
oxalic  add  and  lime  may  be  made  to  combine  by  rabbing  them  together, 
add  eontaina  more  water  of  crystallisation  than  the  oxalate  of  caldom 
able  to  take  op :  hence,  at  the  beginning  of  the  action,  a  little  water  is  set 
solves  the  oxalic  add.  In  some  cases  it  is  mffldent  to  heat  one  of  the 
till  it  softens :  thus  iron  surrounded  with  charcoal  and  heated  to  white- 
\j  penetrated  by  the  charcoal  (Ctmtntatiitn).  When,  in  consequence  of  one 
ie>  being  in  the  Quid  state,  combination  takes  place  at  the  ordinary  tempera- 
tie  above  it,  it  is  caDed  KiiUiim  in  the  uef  vay  {Salutio  aa  htanda) :  if  a 
«t*ture  is  required,  the  pioccas  is  called  telution  M  fjls  dry  mtjr,  fmnoit 
ticca,  Con/uMio). 

f  out  or  both  of  Me  bodia  be  i*  tit  fittid  tialt,  a  Ugier  Itmperaturt  it 
trg  to  effect  tit  combination. 
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ler,  {uwerar,  the  cum  in  whicli  eompaimd)!  mr«  fernied  hj  dinct  m 
I  unmll  compared  with  that  in  which  new  componnds  TMult  fnm  the 

of  othen  previouily  rauMiiig.  Soch  ti«naf<>niutioi]«  tnkj  b«  effed 
'J* 

xU,  which  nuj  atthar  expel  ona  or  mora  of  the  eletneats  of  the  origiiiai 
he  free  itate,  leaving  the  reat  in  a  ofw  form  of  combination,  or  maj 

of  the  olenienlB  to  arrange  themaelTf*  in  the  fbnn  of  new  compouj 
«  of  potaoinm,  KCIO*.  expoeed  to  a  fall  red  heat.  giTea  off  the  whole 
id  ia  conTeited  into  chloride  of  potaesinm,  KCL  Similaii;  with  othei 
I  with  bromatea  and  iodates.     Man;  metoUic  oxides  and  Bolphidee, 

pedneaa,  give  off  part  of  their  oijgen  or  sulphur,  and  are  reduced  to 
nilpiudca. — 2.  Chlorate  of  potamuuiD  eipoeed  to  a  degree  of  heat  Issi 
:o  expel  the  whole  of  the  oijgen,  ia  reeolred  into  perahloiate  and  ch 
lun:  3EC10'  .  EQ  +  2KdO'  +  O.  Nitrate  of  ammoniam,  KH'.t 
J  heat  into  water.  2W0,  and  nitMM  oxide.  ITO.  To  this  hud  lil 
e  □nmeniiie  tranifonnationi  of  organic  componnda,  leanlting  from  < 

ifrefnciily. —The  actios  of  tbe  electrio  cnirent  on  chemjeal  oompoDiida, 
id  state  or  in  aolntioD,  giTea  riae  to  an  endleaa  Tariety  of  new  product 
meea,  the  elements  of  a  compoond  are  eliniiiiated  b;  dectroljaii  in  tl 
rhen  water,  hjdrochloric  add,  Or  certain  metallic  oxidea,  chloridea.  or  i 
ted  to  the  action  of  the  current ;  freqaently,  bowever.  the  elemente  ai 
I  in  new  combinationa.  We  shall  consider  this  anlgect  more  fullj 
TT ;  at  present  we  will  merely  mention  the  fortnation  of  peroxide  of  1 
t  pole,  when  ■  solution  of  nitrate  or  oeetate  of  l««d  is  electrolysed ;  th 
UBeaetl«d  h^dro^n  in  the  electrolysis  of  aqneona  anenious  acid ;  ai 
tionj  of  acetic  aai  and  other  fatly  adds,  into  aloahol-radiclea,  hydmo 
■ah  gas  series,  carbonic  anhydride,  and  hydrogen. 
til  aclion  of  anothtr  rubdianet,  limpU  or  anHpound. 
decompoeing  Bubstsnce  is  an  element  (or  a  componnd  acting  ai  nd 
plaea  of  one  element  of  tbe  compound,  which  is  thereby  eliminated.     ' 

icompuaeB  hydrochloric  acid.  HCl,  forming  2^''C1*,  and  expelling  hyd 

decompiwee  water,  HHO,  expelling  half  Uie  hydrogen,  and  fbiming  b 
Dm.  KHO.     Chlorine  decomposes  bromide  of  silrer,  forming  emm 

eliminating  bromine.  Uctals  in  nnmerons  instance*  displace  other  1 
ions  of  tbeir  salts,  *■  g.  iron  dccomposfa  nitrate  of  copper,  forming  nib 
.  deposit  of  copper.    Silicic  anhydride,  SiO',  decomposes  carbonate  of 

rlpelling  carMnic  anhydride,  and  forming  silicate  of  soda,  Na'C 
t  euctly  in  the  proportion  here  indicated.  Boric  anhydride,  3*0*,  1 
ate  of  barium  eipela  3  atoma  of  water,  and  forms  borate  of  bsfinm :  I 
'0)  -  iStTOSfO'  +  BHK). 

acting  body  aometimsB  enlsn  into  combination  with  both  elentaDta 
,  or  with  the  componnd  aa  a  whole. 

e  of  cArbon  burnt  in  octygen  pmdiiees  sulphurous  and  carbonic  nnhji 
una  and  organic  compounds  in  gwwral  yidd,  b^  combnation,  caibonic 
water.  CUoriiie  eonTerta  metallic  sulphides  into  chloride  of  sutph 
bloridea.  Chlorine  passed  into  water  forma  hydrochloric  and  h^'podl 
decompoaei  met&llic  oxidee  in  lilce  manner,  fonaingwilh  msicuric 

example,  chloride  of  mercuir.  Hg*Cl'.  and  hypocHlorous  anhydride 
I  only  one  compoond  is  formed :  as  when  a  metallic  sulphide  is  heated 
nrerted  into  a  inlphate:  t.g.  Ca"S  t  0'  ••  Cn'SO* ;  or  again,  when 
hydrogen,  FH',  ii  conrerted  by  combustion  into  pbo^horic  add,  PH* 
sabstance  by  which  the  componnd  AB  is  decomposed,  is  itself  a  oom 
he  transformation  consists  in  an  interchange  of  elements,  whereby  tl 
Itinds  AD  and  BO,  are  prodnced.  This  is  Dodbli  DaooiiFoarnoii.  It 
lent  of  all  kinds  of  chemical  action,  and.  as  we  shall  preaently  ezplaji 
k1  as  typical  of  the  resL  Instancea  of  it  may  be  addncsd  without  ni 
e  mutnal  decomposition  of  neutr^  ealts.  e.  g.  chloride  of  banum  and  su 
;  nitrate  of  silTer  and  chloride  of  sodium,  ftc  Also  the  decompool 
ddes  by  acids,  resulting  in  the  fbrmation  of  chloridea,  iodide^  snlphidi 
m-ulta:  thos,  with  bydrochloric  add  and  oxide  of  co^m: 
CtfO  +  HHn'  -  Cu"a'  +  HS); 
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Bulphjdrie  aad  and  onde  of  lead : 

H«8  +  Pb^O  =  H»0  +  Pb*B. 
Sulphuric  add  and  protcmde  of  iron : 

H«SO*  +  Fo^O  -  Fe^SO*  +  HK); 
■nlphnrie  acid  and  sesqnioxide  of  iron : 

8H«S0*  +  F^0«  »  ¥^QO*y  +  8H«0. 

Similarly  irhen  compound  radicles  are  concerned,  aa  in  organic  compoandfl:  c^.  tha 
formation  of  water  and  chloride  of  ethyl  by  the  mutual  action  of  aloohd  and  Iqrdio- 
ehloric  acid: 

^H  1^  +  HQ  -  C*HHJi  +  HK); 
of  ethylanlphuric  add  and  water,  from  alcohol  and  sulphuric  add : 

(xf  thiacetic  add  and  phosphoric  anhydride,  from  acetic  add  and  pentasulphide  of 
phosphorus :  

of  ethylamine  by  the  action  of  hydrate  of  potaasium  on  cyanate  of  ethyl : 


Cjaiwta  of      Hydrate  Carbonate 

ethjl.  of  potas-  of  pocai- 

itum.  tiiim. 


Ethyl, 
amine. 


In  some  cases,  the  decomposition  of  a  compound,  AB,  is  eflected  by  the  joint  aetioa 
of  two  substances  G,  D,  not  previously  combined ;  as  when  an  oxide,  alumina,  for  ex- 
ample, is  decomposed  by  the  joint  action  of  chlorine  and  carbon  at  a  red  heat,  yiddiog 
a  chloride  and  carbonic  oxide : 

A1»0«  +  a*  +  C«  -  A1«C1«  +  SCO. 

Sometimes,  instead  of  the  two  new  compounds  AD,  BC,  being  produced,  only  one 
■uch  compound,  AD,  is  formed,  the  elements  B  C  being  either  set  £roe  or  entering  iuto 
other  combinations.  Thus  when  chloride  of  ammonium  is  decomposed  by  quick  lime, 
the  poroducts  should  be  chloride  of  caldum  and  oxide  of  ammonium ;  but  the  latter 
is  immediately  resolyed  into  ammonia  and  water : 

2NH«a  +  Ca^O  -  CbTCV  +  (NH«)«0  [=  2NH«  +  H»0]. 

Aluminium  and  other  triatomic  metals  do  not  form  carbonates:  hence,  when  a 
■alt  of  aluminium  is  precipitated  by  an  alkaline  carbonate,  the  predpitate  consists,  not 
of  carbonate  of  alununiimi,  but  of  alumina  (bydrated),  while  carbomc  anhydride  is  set 
free: 

A1«C1»  +  8Na«00«  -  6Naa  +  A1H)«  ^  SCO«. 

Hany  peroxides  heated  with  hydrochloric  add  yield  water,  a  protodiloride  of  the 
metsi,  and  free  chlorine,  the  metal  not  formixig  a  chloride  analogous  in  eompontion  to 
the  peroxide : 

MnO«  +  4HC1  «.  2H«0  +  UdTCI^  +  a«. 

In  many  cases,  one  or  both  of  the  new  products,  AD,  BC,  enters  into  combination 
with  an  undecomposed  portion  of  one  or  botn  of  the  original  compounds,  the  particolar 
products  formed  depending  upon  the  proportion  in  wluch  the  oiiginnl  substances  are 
present,  and  on  the  drcumstanoes  of  the  experiment  Thus,  when  sulphide  of  carbon 
■IS  decomposed  by  potash,  the  immediate  products  are  sulphide  of  potasdum  and 
carbonic  anhydride;  but  these  unite  with  portions  of  the  original  substances,  fbnning 
carbonate  and  sulphocarbonate  of  potasdum : 

8CS*  +  3K«0  -  KH).CO»  +  2(B?S.CS«). 

Sulphide  of  antimony  fused  with  potash,  yields  at  first  sulphide  of  potaasinm  and  oxide 
of  antimony;  but  the  final  products  are  oxysnlphide  of  antimony  and  sulphantifflomta 
of  potasdum : 

8SVS"  +  3K*0  -  SbK)»J3b^  +  3K«S.Sb«S*; 

but  when  4  at.  trisulphide  of  antimony  are  fused  with  7  at.  potash,  the  producti  ars 
2  at.  sulphantimonite  and  1  at.  add  antimonite  of  potaadum : 

4Sb^"  +  7K«0  -  2pp^aSb-S»)  +  KK).2Sb«0", 
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■btadj  bMU  itated  that  donblr  decompotitioii  maj  b«  TieweS  la  a 
letUm  in  senenl ;  in  faci,  all  cttt  of  8im{de  salMatatioB,  and  erai 
n  oTtwo  dementi,  4ir  the  lepantion  of  the  elemeoti  of  a  binoij  ton 
(w«d  a*  doable  dMmnpodlioiu,  pronded  we  make  certain  Boppoaib 
le  coDBtitDtuiD  of  elemenla  in  ths  free  ataU. 

re  many  oonsiderationi  Tbieh  tend  to  show  that  the  atoms  of  an  elei 
ta  oonqioiind  tsdiele  in  tlie  free  Btate,  an  associated  bj  piin  in  ■ 
^  betCKigcnoDS  Btama  of  a  biiur;  compoond  ;  tbat  ii  to  W^  >  n 
drogen  coniiBta  of  HH,  and  a  molecnle  of  free  ethyl  of  (TH'.C^*,  ji 
f  hfdroehlone  add  cooai^te  of  HCl.  and  a  moleciila  of  chloride  of  i 
In  the  Toltaic  circuit,  the  metallic  conductor  exhibit*  in  muij  reepi 
lomena  as  the  electrolyte,  botb  parta  of  the  drcoit  becoming  heati 
icing  the  *ams  deflection  of  a  magnetic  needle  placed  neai  tham 
infenvd,  that  the  matallie  conductor  conaists  of  a  sariea  of  aimilar  [ 
a  paiia,  juit  ai  the  electnilTte  coosisla  of  a  aeriei  of  heterageneooa  [ 
iaed.      In  a  ciicnit  composed  of  aint;  platinnm,   and  hjdmeUoT 

Ijta  maj  be  regarded  ae  conauting  of  C]S    OR    CIS    .    .    . 

ft  of  the  nrcoit  of  ^iZn  ZnZo  ZnZa  ,  .  .  PtPt  PtPt  .  .  .  th 
ig  thus  made  op  of  stoma  in  oppoaite  polar  statea.  This,  as  vill  be  me 
in  the  article  ELKrnioiTT,  ia  the  most  satia^toiy  idea  that  can  b 
nomena  of  electro-chemicul  action. 

V  are  iJao  considerations  purely  chemical  which  tend  to  the  same  con 
mcea  of  chemical  action  are  known,  in  whirh  two  atoms  of  an  elei 
mponnd  mdida  onito  together  at  the  moment  of  chemical  chacge,  j 

hen  hydride  of  copper.  Cii*H',  ia  decomposed  by  hydrochloric  add,  i 
formed,  and  a  quantity  of  hydrogen  erolred,  equal  to  twice  that  i 
in  the  hydride  itself: 

cn'H'  +  ana  -  Cu-ci'  +  nm*. 

n  is  precisely  analc^ons  to  that  of  hydiochlonc  add  on  eapEOua  oiid 

Cu'O  +  2Ha  -  Cu'Cl'  +  HK). 

er  ease,  the  hydrogen  separated  from  the  hydrochloric  acid  nnitee  wi 

le  former,  with  hydrogen.    When  solutions  of  sulphoroos  and  snl 

lized,  Om  iHiole  <^  the  solpbnr  is  precipitated : 

BO'  +  SH'S  -  2HK)  +  aS", 


MW^  a  nipbide  of  seleninm  is  fbrmed :  in  the  other,  a  inlphide  of  i 
itation  of  iodine,  which  takes  place  on  miring  bydriodic  wiUi  iodi 
imilar  instance  of  the  combination  of  homi^enons  stoma.  The  redn 
itallio  oxides  by  peroxide  of  hydrogen,  is  snolher  striking  example 
ion.  Vben  onde  of  silver  is  thrown  into  this  Uqnid,  water  is  formi 
pdoced  to  the  metAllie  state;  and  a  <^nanti^  of  t^gen  is  arolTcd,  i 
which  is  contained  in  the  oxide  of  silTer.  It  «>pean,  indeed,  as  i 
exist  in  a  state  of  isolation.  An  atom  of  an  elementary  bod;  moi 
I  *a  atom  of  another  element,  or  with  one  of  its  own  kind, 
phenomena  are  exhibited  by  the  alcohol-radicles :  thns.  whtn  linc-et 
nethyl  are  heated  together,  double  decomposition  takes  place,  the  [ 
le  of  line  and  methyl-ethyl : 

Zn-(CH')'  +  2(CHU)  -  Znl'  +  2{CH'.CH') ; 

iodide  of  etl 

free  ethyl : 

Zd-(C'H')'  +  2(CrH'.I)  =  Znl'  +  2{C=H'.CH'). 
ease,  the  ethyl  separated  from  the  iodine  unites  with  methyl  separab 
n  the  secoDd.  it  unites  with  another  atom  of  ethyL  The  idea  of  the 
ecnlea  of  alcohot-radiclea  in  the  free  state,  ia  likewise  in  accordaiu 
Ted  boiling-poiolH  and  tapour-densitiea.  (See  AuxiniiL-RuiiCLns,  p 
elementary  bodies  frvquentJy  act  upon  others  as  if  their  atoms  wei 
uinaiy  groaps.  Thns  chlorine  acting  upon  potaih  fonna  two  com] 
id  hypochlorite  of  potaiainm : 

EEO  +  Cla  ^  Cl£  +  CIKO ; 
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just  as  chloride  of  eyanoffen  would  form  chloride  and  eyanate  of  potasrinm.  Tha 
quantity  of  chlorine  which  acts  upon  an  atom  of  potash,  is  not  1  at  <-  36*5,  but 
2  at.  —  70.  Similarly,  when  metallic  sulphides  oxidise  in  the  air,  both  the  metal  and 
the  sulphur  enter  into  combination  with  oxygen.  Sulphur  acting  upon  potash  fbrms  a 
■nlphi^  and  a  hyposulphite.  Lastly,  when  sinc-eth^  is  ex^Msed  to  the  action  of 
chlorine^  iodine^  &c.,  these  elements  unite  separately  witli  the  sine  and  with  the  ethyl, 
thus: 

Zn^CCH*)'  +  2C1C1  =  2C«H»C1  +  Zn'OT 

From  these  considerations  it  appears  that  double  decomposition,  which  is  generally 
tmderstood  as  an  action  between  four  elements  or  groups  of  elements,  may  likewise  ha 
supposed  to  take  place  in  cases  where  only  three  elements  or  groups  come  into  play. 
In  like  manner  we  may  regard  as  double  decompositions  eren  those  reactions  which 
are  commonly  viewed  as  the  simple  combination  or  separation  of  two  elements,  or  aa 
the  substitution  of  one  element  for  another.  Thus  when  potassium  bums  in  chlorine 
gas,  the  reaction  may  be  supposed  to  take  place  between  two  atoms  of  chlorine  and 
two  atoms  of  potassium : 

KK  +  GCl  -  ECl  +  ECL 

Again,  the  decomposition  of  dyanide  of  mercury  by  heat  may  be  represented  thus : 

Hg"Cy«.Hg"Cy»  -  2CyCy  +  HgHg. 

The  simple  replacement  of  one  element  by  another  may  also  be  regarded  as  a  double 
decomposition,  by  supposing  the  formation  of  an  intermediate  compound.  Thus  thfl 
action  of  cine  upon  hydrochloric  acid  may  be  supposed  to  consist  of  two  stages : 

ZnZn    +  2HC1  -  Zn"H«  +  Zn^Cl*. 
and  Zn'^<  +  2Ha  -  Zn^Cl*  -¥  2HH. 

It  is  true  that  the  formation  of  the  intermediate  compound,  the  hydride  of  sinc^  can- 
not be  actually  demonstrated  in  this  case,  because  it  is  decomposed  as  £Mt  as  it  is  formed ; 
but  in  other  cases,  the  two  stages  of  the  action  can  be  distinctly  traced.  Thus,  it  is 
well  known  that  hydrochloric  acid  does  not  dissolve  copper ;  but  an  alloy  of  sine  and 
eopper,  Cu^Zin,  dissolyes  in  it  readily,  with  evolution  of  hydrogen.  Here  it  may  be 
supposed  that  the  first  products  are  chloride  of  sine  and  hydride  of  copper,  a  known 
compound : 

Cu«Zn  +  2HC1  -  Cu«H«  +  Zn'Cl*; 

and  that  the  hydride  is  afterwards  acted  upon  by  the  add  in  the  manner  already  e>- 
plained.  Again,  when  zinc  and  iodide  of  ethyl  are  heated  together  in  a  sealed  tube^ 
iodide  of  zinc  and  anc-ethyl  are  obtained,  thus : 

ZnZn  +  2(C«H»)J  -  ZnP  +  Zn'CC'H*)*; 

and  the  zinc-ethyl,  when  heated  with  excess  of  iodide  of  ethyl,  yields  iodide  of  zinc 
and  free  ethyl  (p.  857). 

It  thus  appears  that  all  well  understood  cases  of  chemical  action  may  be  referred  to 
one  type,  namely,  that  of  an  interchange  of  elements  between  two  previously  existing 
compounds. 

d.  The  transformation  of  a  compound  is  brought  about  by  a  substance  which  either 
remains  unaltered,  or  at  all  events  does  not  enter  into  combination  with  either  of  the 
elements  of  the  compound.  This  obscure  mode  of  action,  usually  called  Catalysis,  or 
Contact-Faction,  is  chiefly  observed  in  the  transformations  of  organic  compounds,  such  as 
the  conversion  of  sugar  into  alcohol  and  carbonic  add,  and  of  alcohol  into  acetic  add 
under  the  influence  of  yeast;  of  starch  into  dextrin  and  sugar  by  the  action  of  diastase ; 
the  conversion  of  urea  into  carbonate  of  ammonium,  by  contact  with  animal  mucuSf  &c 
The  terms  Catalysis  and  Contact-action  explain  nothing,  but  as  mere  names  they 
are  sometimes  convenient  Many  decompositions  formerly  spoken  of  as  catalytic,  are 
.  now  regarded  as  double  decompositions,  dependent  on  the  polarity  of  homogeneous 
atoms  (p.  857)* 

Magnitude  or  Strength  of  Chemical  Affinity, 

That  the  power  which  causes  bodies  to  unite  is  exerted  with  various  degrees  of 
intensity,  is  evident  from  the  whole  range  of  chemical  phenomena.  Chlorine  certainly 
unites  with  hydrogen  more  readily  than  with  nitrogen,  and  the  elements  of  hydros 
chloric  add  are  held  together  wit^  fiir  greater  force  than  thoee  of  chloride  of  nitrogen. 
If  zinc  displaces  copper  from  its  solution  in  hydrochloric  add,  and  copper  cannot  dis- 
place zinc  from  such  a  solution,  we  cannot  resist  the  condusion  that  the  affinity  of 
zinc  for  chlorine  in  solution  is  greater  than  that  of  copper.  But  does  this  show  that 
the  former  of  these  affinities  is  intrinsically  and  under  all  drcumstanon  greater  UiaD 


CHEMICAL  AFPINTTT. 

Erf  <r  m^  not  Che  rdatiTa  lolnliilildea  of  ehtoHda  of  liiie  ud  '•''Tuf 
irtlM  eoheiioii  of  llie  matala  themaelTM,  hive  •omething  to  do  with  that 
mU  the  qneation  ganenllj,  doM  Mwb  element  po—m  for  erei?  othar 
1  ipaciflc  affloi^  m  eombmiiig  pover,  which  ii  tlwaji  the  aunt,  and 
be  modiflad  in  il«  nanlli  bj  the  eimimitaneea  nnder  which  the  bodi 
■^jr  ta  the  affinity  between  each  pair  of  dementa  itaelf  a  raiuble  qn 


lehided  that  C  had  for  A  a  greater  afflnitf  than  for  B. 
lii  prindjila  the;  fonned  what  were  called  Tablti  or  Colitmiu  ef  4jli» 
Wt  IbUowmg  may  be  takra  ua  apeeimeDB,  the  aeTend  asbataocea  is  each 
1  ia  the  o^er  of  their  mppMed  afflni^  for  the  bodj  at  the  hmd  i 

Mr:  O;  E  and  the  other  alkali-metala ;  Zn;  fe;  So;  Cu;  CI;  H;  0 
Hg;  Ag;  Pt;  CD'S;  MoS ;  Au. 

itrie  acid:  BaO;   SrO ;  K>0 ;  Na*0 ;   WO  0);   CM);   IbO;   FbO- 
lO;  NiO;  CoO;  CuO;  AJ'O';  FeW. 
*-■  O;  F;  CI;  Br;  I;  8«;  P;  H. 

J  alight  acquaintance  with  cbrmical  phcDomcna  ia,  howarer,  anfflcient  to 
se  ao-called  Tablea  of  Affinitr  are  merelj  tablea  of  the  order  of  daeompo 
-"    '  -       "that"    --'  -■       -  ■■      -       ■    ■    -     - 


and  that  the  relatlTp  affinity  of  one  body  tbr  ti 
I  to  change  from  a  grmU  rarietj  of  circnmatancM,  aometimee  even  to  1 

Thna,  iron  at  a  red  best  decompnaH  rapoor  of  water,  abatiacting  the  o 
ing  the  hydrogen  free,  whence  it  might  be  inferred  that  the  affinity  of  o. 

ia  greater  than  for  hydrogen ;  but  if  hydrogen  gu  be  puaed  over  n 

inni,  wutec  is  fbnned  and  iron  aet  free,  mdioting  on  euctlr  Oppoate 
iea.     In  like  manner,  potaasiDm  heated  in  an  atmoaphere  of  carbonic  anhy 

oxidined  and  aeta  carbon  free ;  and  on  the  other  hand,  charcoal  ab 
rith  potaah,  abatnda  the  oxygen  and  aeta  potaanum  free.  Carbonio 
recipitatea  ^ca  from  a  aolatioa  of  ailicate  t»  sodium,  and  on  the  other 
ated  with  carbonate  of  lodiuia,  forma  ailicate  of  aodiom,  and  Ubentee  cai 

iiut  then  look  to  other  drcunutancea  beaidea  intriniie  force  of  afflni^  : 
whether  ■  particnlar  reaction  will  take  pla^e  or  not.    The  moat  imp 


le  afuMnifji  or  the  (oJUaisa  of  oi 


i»«mpl—  Jnat  mentioned  aflbrd  atrikiDg  JUnatrationa  of  the  inflnence  of 
determining  chemical  deeompodtion.  The  tendency  of  the  reaolting  { 
to  didhae  itaelf  through  the  ■urroandiDg  atmoaphere,  doubtleaa  eontr 
to  the  reaolt ;  thna,  when  aqneoui  vapour  is  paaaed  over  red-hot  iron,  tl 
aet  free  by  the  decomposition  of  the  water  u  carried  forward  by  the  ci 
lua  vapour,  and  the  'inn  ia  left  free  to  act  upon  a  freah  portion.  The  inf 
■ion  ia  clearly  Been  in  predpitationa.  It  ia,  indeed,  a  general  law  that  : 
a  of  two  aalta  are  mixed,  and  an  inaoluble  compound  can  be  formed  from 
unenta,  that  compound  ia  aore  to  be  produced  and  to  aeparate  from  the  ] 
he  Older  of  decompoaition  ia  frequently  rereraed  by  the  nature  of  the  ac 
I  acetic  add  decompoeea  carbonate  of  potaaaium,  eliminating  carbonic 
he  reeultiiig  acetate  of  potaaaiom  be  duwolved  in  alcohol,  and  carboni 
led  through  the  aolution,  carbonate  of  potaaaiom  ia  predpital«d  and  aceti 
uto  aolation  aa  acetic  ether.  A  atrong  aolution  of  caaatic  potaah  decon 
[e  of  i-alfilT,  forming  carbonate  of  potaaaium,  and  leaving  lime  ondieai 
lotion  of  I  pL  carbonate  of  potaaaiom  in  ID  pta.  of  water,  ia  decompoa 
n  with  lime,  yielding  cauatic  potaah  and  carbonate  of  calcium.  A 
of  inlphnrona  add  diraolTce  iodine,  fonning  hydriodie  and  mlphDrie 
h  I*  4-  HK)  -SHI  +  H'SO*;  butif  thetiuantityofwaterintheaolnt 
led  by  evaporation,  aulpburooa  anbydride  ia  evolved  and  hydriodie  adi 
iodine  remolna  behind,  ffSO*  +  SHI  -  P  +  SO"  +  2HS). 
M  relatim  gtiantitin  of  tlie  aeting  au&sfanoM,^  That  the  relative  d 
ty  of  a  body  for  a  number  of  other*  to  which  it  ia  aimnttaneonilypiQ 
ktly  modiSed  by  their  relative  maasea.  waa  firat  painted  out  b7  ^rt 
Inid  down  by  that  philosopher  reapecting  the  action  of  maasea,  ia  thia 
wUj;k  liio  diffrrtnl  tuhstaiii'i  cnptAlr  of  acling  on  il  eitmicallj/,  are  jm 
ttUpmporticiu,  dinidn  tlsrlf  MvteH  them  in  tht  ratio  ofth  fmdiKts  o. 
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respecUpe  tnastei,  and  the  absolute  etrengihe  of  their  affinities  for  the  first  body.  Thvut^ 
if  we  d^ote  by  A  and  B  the  maweii  of  the  two  bodies  whidi  are  present  in  exeese,  br 
a  and  ^  the  coefElcients  of  their  absolute  affinities  for  the  body  C;  and  bj  a  and  b 
the  quantities  of  A  and  B  which  actoally  combine  with  C,  the  law  just  stated  will  be 
expressed  by  the  proportion : 

a    :    b  ^  aA    :    I^B, 

If  this  Tiew  be  correct,  any  alteration,  however  small,  in  the  relative  (quantities  of  A 
and  Bt  mTist  produce  a  corres^nding  alteration  in  the  relative  quantities  of  the  two 
which  unite  with  C,  That  this  is  not  the  case  under  all  drcnmstances,  is  shown  by 
the  following  experiments  of  Bnnsen  and  of  Debus. 

Bunsen's  experiments  (Ann.  Ch.  Pharm.  Ixxxv.  137),  which  were  made  in  such  a 
manner  that  all  the  phenomena  of  combination  concerned  in  them  took  place  simulta- 
neousW,  lead  to  the  following  remarkable  laws : 

1.  "When  two  or  more  bodies,  BB'  .  .  .  are  presented  in  excess  to  the  bodv  A^ 
under  circumstances  favourable  to  their  combination  with  it,  the  body  A  always  selects 
of  the  bodies  BB' .  .  .  quantities  which  stand  to  one  another  in  a  simple  atomie 
relation,  so  that  for  1,  2, 3  . . .  atoms  of  the' one  compound,  there  are  always  formed 
1,  2,  3  . . .  atoms  of  the  other;  and  if  in  this  manner  there  is  formed  an  atom  of  the 
compound  ^  ^,  in  conjunction  with  an  atom  of  AB^  the  mass  of  the  body  B  may  be 
increased  relatively  to  that  of  .B*,  up  to  a  certain  limits  without  producing  any  altera- 
tion in  the  atomic  proportion. 

When  carbonic  oxiae  and  hydrogen  are  exploded  with  a  quantity  of  oxygen  not 
sufficient  to  bum  them  completely,  tiie  oxygen  divides  itself  between  the  two  gases  in 
such  a  manner  that  the  quantities  of  carbonic  anhydride  and  water,  produced  stand  to 
one  another  in  a  simple  atomic  proportion.  The  results  of  Bunsen's  6]q>eriment8  ara 
given  in  the  following  table,  the  numbers  in  which  denote  volumes : 


Compocition 

of  Gaseoui  Mixture. 

QuADtitlet  or  CO  and  H  eonsamod 
by  Dotooatioa. 

Ratio  of 
CO:H. 

72-67  CO      . 
69-93  „ 
36-70  „ 
40-12  „ 

18-29  H    .       9-14  0 
26-71  „     .     13-36   „ 
42-17  „     .    21-13   „ 
4716  „     .     12-73   „ 

12-18  CO        .           6-10  H 

13-06   „         .        13-66  „ 

10-79  „        .        31-47  „ 

4-97  „        .       20-49  „ 

2:  1 
1:  1 
1  :3 
1  :4 

The  results  were  the  same  whether  the  explosion  took  place  in  the  daik,  in  difiused 
daylight,  or  in  sunshine ;  and  were  not  afifedted  by  the  pressure  to  whidi  the  gaseoos 
mixture  was  subjected. 

The  proportions  of  hydrogen  and  carbonic  oxide  consumed  in  these  several  expert- 
ments,  correspond  with  the  composition  of  Ave  hydrates  of  carbonic  anhydride,  contain- 
ing,  respectively: 

H«0.2C0*;  H*O.CO«;  2H«0.C0«;  3H«0.C0«;  4HK).C0»; 

but  the  results  cannot  be  attributed  to  the  actual  formation  of  these  hvdrates,  inas- 
much as  hydrates  of  adds  containing  several  atoms  of  water  are  inci^ble  of  A^«ting 
at  high  temperatures. 

2.  When  a  body.  A,  exerts  a  reducing  action  on  a  compound,  BC,  present  in  excess, 
so  that  A  and  B  combine  together  and  C  is  set  free;  then^  if  C can,  in  its  turn,  exert 
a  redveina  action  on  the  newly-formed  eomvound,  AB,  the  final  result  of  the  action 
is,  that  the  reduced  portion  of  BC  is  to  tie  unreduced  portion  in  a  simjple  atomio 
proportion. 

In  this  case,  also,  the  mass  of  the  one  constituent  may,  without  altering  the  A-rnrfing 
atomic  relation,  be  increased  to  a  certain  limit,  above  which,  that  relation  undergoes 
changes  by  definite  steps,  but  always  in  the  proportion  of  simple  rational  numbexs. 

When  vapour  of  water  is  passed  over  red-hot  charcoal,  the  carbon  is  oxidiied  and 
hydrogen  is  separated ;  but  the  process  does  not  go  on  so  &r  as  the  complete  formation 
of  carbonic  anhydride,  but  stops  at  the  point  at  which  1  voL  carbonic  anhydride  and 
2  voL  carbonic  oxide  are  formed  to  every  4  voL  of  hydrogen. 

In  the  imperfect  combustion  of  cyanogen — ^the  gaseous  mixture  being  so  tar  diluted 
that  it  will  but  just  explode,  in  order  that  the  temperature  may  not  rise  too  high,  and 
the  result  be  consequently  vitiated  by  the  partial  oxidation  of  the  nitrogen —  carbonic 
anhydride  and  carbonic  oxide  are  formed,  and  nitrogen  set  free,  likewise  in  simple 
atomio  proportion.  A  mixture  of  18*06  voL  cyanogen,  28*87  oxycen,  and  53  08 
nitrogen,  gave,  by  detonation,  2  voL  carbonic  oxide,  and  4  voL  carbomc  anhydride  to 
t  vol  nitrogen. 
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^  ,         at  the  aamr  time  to  the  redociiia  netioQ  of  tt 

ud  the  oxiduinff  tction  of  the  oxygen,  the  ledoced  portioB  of  the  arbonic 

u  likeviM  found  to  bear  to  the  uncednced  portioD.>  nmple  alanac  relstion. 
ibiutionof  &  miitim  of  8'£2  carbonic  auhjdride,  7D'33  hydrogeo,  and  21 '16 
le  reenlting  carboaic  oxide  «u  to  the  reduced  carbonic  anh^diide  in  the 

:  2.  After  the  comboEtioa  of  a  mixtors  of  4'41  vol.  carbonic  oxide,  3-H 
Dhjidride,  68'37  hjdrogen,  and  24-2S  oijgen,  the  volume  of  the  caibooie 
Terted  into  carbonic  anhydride  by  oxidation,  wm  to  that  of  the  reeidiMl 

leee  lemarkable  Uwb  had  not  been  prefionBly  obeeiTed,  ii  attributed  by 

the  foot  that  they  hold  good  only  when  the  phenomena  of  combinatioD, 
I  regulated  by  them,  take  place  limoltaneouslj :  for,  eveu  if  a  body  A  were 
to  aelect  far  combinatioii  from  the  bodies  B  and  C,  quajititiM  beariiiB  tft 
ET  a  ninple  atomic  celation,  but  the  combination  of  ^aodB  vers  to  lake  piaca 
•X  limB  than  that  of  A  and  C,  it  would  ibllow  of  neceeeity,  that  during  the 
Che  ptocem,  the  ratio  of  £  to  C,  and  therefore,  alio  the  atomic  TeUtioiu  of 
ited  GOmpounda,  would  change,  so  that  the  obsM^red  proportion  woold  be  DO 
laite^  The  same  result  must  fcJlow  if  the  bodiea  wlueh  are  combining  aide 
e  not  homogeneonaly  mixed  in  the  beginoing. 

igatd  to  the  bearing  of  these  results  on  Berthollet'a  law,  it  might  be  ol^ected 
iDle  of  the  experiment^  as  in  the  combnstion  of  a  miztore  of  carbonic  oxide, 
and  o^gen,  one  of  the  products,  Tix.  the  waAer,  ifl  removed  from  the  sphere 
by  condensatioD.  and  that  the  drcnmstaDec*  are  tlierefOTe  similar  to  the 
r  an  insoluble  product  by  precipitation.  It  is  scarcely  conceivable,  however, 
'CTM  action  would  take  place,  even  if  the  gaaeona  mixture  were  to  remain 
iperaCure  which  exists  daring  the  eombuitioa.  Moreover,  is  the  decompo- 
apoor  of  water  by  red-hot  charcoal,  the  rtole  of  the  prodocla  remain  in  the 
ata. 

(Ann,  C!h.Pharm.  Ixxvx.  103;_lzzxvL  168;  Ixxxvii.  238),  has  obtained 
Qilar  to  those  of  Bnnaen,  by  predpitating  mixtures  of  lime  and  baryta-water 
eua  carbonic  acid,  or  mixtuea  ot  chloride  of  barinm  and  chloride  of  cal- 

carbonate  of  sodium.  A  small  quantity  of  a  very  dilute  solution  of  car- 
sodium  added  to  a  liquid  containing  5  pce.  of  chloride  of  barium  to  1  pt  of 
f  calcium,  threw  down  nearly  pure  carbonate  of  calcium ;  bnt  when  tlie  pro- 

the  chloride  of  barium  in  the  mixture  was  fi'7  limPS  as  great  as  that  of  the 
if  calcium,  2'3  pts.  of  the  former  were  decomposed  to  1  pt.  of  the  latter, 
appears  that,  in  this  reaction  also,  limits  exist  at  which  the  ratio  of  the 
Badergoes  a  sudden  change.  Id  these  experiments,  however,  the  products 
Uately  removed  bom  the  n)lier«  of  action,  and  the  results  are  therefore  not 
Is  with  those  which  are  obtained  when  all  the  snbstancea  present  remain 
1  free  to  act  upon  each  other. 

^r  condition  is  most  completely  fUfiUed  in  the  mutual  actions  of  liquid 
s,  aocix  ta  solutions  of  salts,  when  all  the  possible  f«x>ducts  of  their  mutual 
9  likewise  solable;  as,  Sir  example,  when  nitrate  of  sodium  in  solution  is  mixed 
late  of  copper.  The  qucation  to  be  solved  in  snch  cases  is  this.  Suppose  two 
CD,  the  elements  of  which  can  form  only  soluble  prodncts  by  their  mutual 
^  lo  be  mixed  together  in  solution.  Will  these  elements,  according  to  their 
Snities,  either  remain  in  their  original  state  of  combination,  as  AS  and  CD, 
mpletely  into  the  new  arrangement  AD  and  C  B  ?  —  or  will  each  of  the  two 
de  itself  between  each  of  the  two  bases,  producing  the  four  compounds  AB, 
BD  ?  and,  if  so,  in  what  manner  will  the  relative  quantities  of  these  four 
8  be  affected  by  the  original  quantities  of  the  two  salts?  Do  the  amoonti  of 
'B,  produced  by  the  reaction,  increase  progressively  with  the  regular  increase 
I  required  by  Berthollet's  theory  ?  or  do  sudden  tnmsitions  occur,  like  those 
in  the  experinuntts  of  Bunsen  and  Debns  ? 


of  this  qaesbai)  is  attended  with  considerable  difficulty.  For  when  two 
ainaon  are  mixed,  and  notliilig  separates  ont,  it  is  bv  no  means  easy  to  as- 
bat  ebanges  may  have  taken  place  in  the  liquid.  The  ordinary  methods  of 
ng  th«  eompoaitiaa  of  the  mixture,  such  as  concentration,  or  precipitation  I^ 
are  inadmissible,  because  any  such  treatment  immedialely  alters  the  mutual 
f  the  substances  present  In  some  cases,  however,  the  mixture  of  two  salts 
d  with  a  decided  change  of  colour,  without  any  separation  of  either  of  the 
Its,  and  such  alterations  of  colour  may  afford  indicationB  of  ths  changes  which 
I  in  the  anaitgement  of  the  molecules.  This  method  has  been  employed  by 
Istone  (PhiL  Trans.  1856, 17S{  Chem.Soe.  Qu.  J.  ix.  S4),  who  has  carefully 
the  ebanges  of  colour  attending  the  mixture  of  >  great  variety  of  salt^  and 
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applied  the  renilts  to  the  detennina^n  of  the  effect  of  msM  in  infhienciiig  diemieal 

action. 

Dr.  Gladstone's  principal  experiments  were  made  with  the  blood-Ted  salphoeyanate 
of  iron,  which  ia  fonned  on  adding  sulphocyanic  acid  op  any  soluble  snlphocyanat^ 
to  a  solution  of  a  feme  salt     On  mixing  known  qnantities  of  different  ferric  salts  with 
known  qnantities  of  different  snlnhocjanates,  it  was  found  that  the  iron  was  neTer 
completely  conrerted  into  the  rea  salt;  that  the  amount  of  it  so  conrerted  depended 
on  tne  nature  both  of  the  acid  combined  with  the  ferric  oxide,  and  of  the  bsae  com- 
bined with  the  sulphocyanogen ;  and  that  it  mattered  not  how  the  bases  and  acids  had 
been  combined  previous  to  their  mixture,  so  long  as  the  same  quantities  were  brought 
together  in  solution.    The  eff5act  of  mass  was  tried  by  mixing  equivalent  proportionfl 
of  ferric  salts  and  sulphocyanatee,  and  then  adding  known  amounts  of  one  or  the  other 
compound.    It  was  found  that^  in  either  case,  the  amount  of  the  red  salt  was  increased, 
and  in  a  regular  progression  according  to  the  quantity  added.    When  sulphocranate 
of  potassium  was  mixed  in  various  proportions  with  ferric  nitrate,  chloride,  or  sulphate, 
the  rate  of  variation  appeared  to  be  the  same,  but  with  hydrosulpho<7ame  acid  it  was 
different    The  deepest  colour  was  produced  when  ferric  nitrate  was  mixed  with  sulpho- 
oyanate  of  potassium ;  but  even  on  mixing  1  at  of  the  former  with  3  at  of  the  latter, 
only  0*194  at  of  the  red  sulphocyanate  of  iron  was  formed;  and  even  when  876  at 
of  sulphocyanate  of  potassium  had  been  added,  thero  was  still  a  recognisable  amount 
of  ferric  nitrate  unoecompoeed.    The  results  of  a  series  of  experiments  with  ferric 
nitrate  and  sulphocyanate  of  potassium  are  given  in  the  following  table : 


Ferric 

PoUuium. 

Red  Salt 

Ferric 

Sulphoeyaiiate  of 
Pocaulaiii. 

RedSatt    1 

Nitrate. 

producwL 

MItrmte. 

produced. 

leqoiv. 

S  atomi. 

88 

1  atom. 

63ataiiu. 

356 

1     f. 

6       „ 

1S7 

*     •• 

»      n 

419 

9*6     „ 

186 

1          M 

135     „ 

487 

1     ,, 

l«-6    „ 

176 

1     *• 

189     „ 

506 

'     *« 

16«     .. 

195 

*     t» 

M     .. 

539 

'          H 

19-2     „ 

tiS 

•     t» 

W     „ 

seo 

1         ft 

389      , 

SG6 

*       n 

375     n 

587 

*         »• 

4M     , 

318 

■ 

The  addition  of  a  colourless  salt  reduced  the  colour  of  a  section  of  ferric  snlpbo- 
cyanate,  the  reduction  increasing  in  a  regularly  progressive  ratio,  according  to  the 
mass  of  the  colourless  salt 

Similar  results  wero  obtained  with  other  ferric  salts,  via.  with  the  black  gallate,  the 
red  meconate  and  pyromeoonate,  the  blue  solution  of  Prussian  blue  in  oxalic  add,  &c^ 
and  likewise  with  the  coloured  salts  of  other  metals,  e,  g,  the  scarlet  bromide  of  gold, 
the  red  iodide  of  platinum,  the  blue  sulphate  of  copper,  when  treated  with  different 
chlorides,  &c. 

The  amount  of  fluorescence  exhibited  bv  a  solution  of  add  sulphate  of  quinine  was 
found  to  be  affected  by  the  mixture  of  a  chloride,  bromide,  or  ioaide,  aocoxding  to  the 
nature  and  mass  of  the  salt  added ;  and  the  addition  of  sulphuric,  phosphoric,  nitric, 
and  other  adds  was  found  to  produce  a  fluorescence  in  solutions  of  hydtochlorate  of 
quinine,  or  of  sulphate  wnich  haa  been  rendered  non-fluorescent  by  the  addition  of  hydro- 
chloric add.  Solutions  of  horse-chestnut  bark,  and  of  tincture  of  thorn-apple,  yielded 
similar  results. 

The  oondusions  to  be  drawn  from  Gladstone's  experiments,  are  as  follows : 

When  two  or  moro  binary  compounds  are  mixed  under  such  circumstances  that  all 
the  resultinff  compounds  are  free  to  act  and  react,  each  add  element  enters  into  com- 
bination wiw  each  basvlous  element  in  certain  constant  proportions,  which  are  inde- 
pendent of  the  manner  in  which  the  different  elements  aro  primarily  arransed,  and  are 
not  merely  the  resultant  of  the  various  strengths  of  af^ity  of  the  sevend  substances 
for  each  other,  but  are  dependent  also  on  the  mass  of  each  of  the  substances  present  in 
the  mixturo.  All  deductions  respecting  the  arrangement  of  substances  in  solution, 
drawn  from  such  empirical  rules  as  that  the  strongest  acid  combines  with  the  strongest 
base,  must  thereforo  be  looked  upon  as  doubtful.  An  alteration  in  the  mass  of  any  of 
the  binaiy  compounds  present,  alters  the  amount  of  every  one  of  the  other  binary 
compounds,  and  that  in  a  regularly  pro^presnve  ratio,  sudden  transitions  occniring  only 
whero  a  substance  is  present,  which  is  capable  of  combining  with  anoUier  in  more 
than  one  proportion.  This  equilibrium  of  affinities  arranges  itself  in  most  caaes  in  an 
inappreciablv  short  time ;  but,  in  certain  instances,  the  elements  do  not  attain  their 
final  state  of  combination  for  hours. 

Totally  differoot  phenomena  present  themselves  where  precipitation,  volatilisation, 
crystallisation,  and  perhaps  other  actions  occur,  simply  because  one  of  the  snbstancei 
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aorti  ttom  the  field  of  aetwn,  and  th«  eqnilibriain,  vbieh  ww  at  Sift 
ia  thu  dMttoj»d. 

meal  actum  of  aalta  in  aolntioD  hii  bIm  been  examined  bj  Halagnti 
?fa7«,  [11  zzxrii.  IBS;  and  bj  Margneritle  (CompL  lend.  mriii  SOS), 
nn  oanelnde  that  each  baae  diridea  iUclf  between  the  asrenl  uida.  Hala- 
iu  from  hie  experunentB  that,  in  the  mntool  trtioo  of  two  ealti,  if  notiiinK 
om  the  liquid,  the  decompontioD  ie  moet  complote  when  the  ationgeet  add 
ongeat  bass  are  not  originallj  nnited  in  the  aame  aalt,  and  that  two  ezprri' 
lie  kind,  made  in  oppoaite  vaja,  mtut  lead  to  the  same  final  mnh ;  that, 
e,  when  1  at  of  acetate  of  barinm  ia  idded  to  1  at  of  nitrmts  of  lead,  the 
if  aittM«  of  bMinm  and  nitntv  of  lead  nltimatelj  preaent  in  the  liquid  an 
I  whan  1  at.  niliata  of  barinm  ia  mixed  with  1  at.  acetate  of  lead. 
Itte  flnda  Uiat  two  aalta  in  aolntion  decompoee  each  other,  eren  whan  one  of 
eadj  the  leaat  eohible  of  the  fonr  aalta  diat  maj  be  prodni^ed  tcvra  the  arida 
preaent  Thna,  a  aatant«d  aotntion  of  Ghhnate  of  potaHima  to  which 
■odium  ia  added,  become*  amiable  of  diawlnng  an  additional  qnontity  of 

polaadnin,  thi — ' —  """*  "  — " *  """  -*-'—•-  ■-—  ' ^ ' 

Bolnbla  aalt  fb 

rt,  howerer,  certain  well  known  phenomena,  which  ihow  that  thia  diatri- 
icida  and  baaea  in  aolntion  doea  not  ahraja  take  place.  Borie  add  eoloon 
^red;  aBlphnric  acid  tomi  it  bright  red.  Nov  if  anlphnrio  add  be  gia- 
ed  to  a  warm  aolntion  of  bonte  of  aodiain  in  water  which  ha*  been  colomed 
itmoa,  the  liquid  at  flrat  remaina  bine,  beeanae  a  combination  of  aoda  with 
oric  add  ia  podneed  ;  on  the  addition  of  more  inh)hiirie  acid,  boric  add  ia 
id  eotonia  the  liquid  wine-red ;  and  not  till  all  the  aoda  haa  entered  into 
□  with  the  Bolplinric  add  dote  a  huthcr  addition  of  that  add  gire  tlie  liquid 
d  colour;  bat  if  enlphnric  add  were  present  at  the  commenceBent  of  the 
ler  in  the  &ee  atate  or  combined  with  anlphate  of  aodinm  in  the  farm  of  an 
be  bright  red  colour  would  iqipair  at  once.  Fromthe  aame  eanae,a  aolntion 
I  of  potaniom  or  aodiiun  to  which  boric  acid  haa  been  added,  coloim  litmn* 
red ;  bat  tbe  addition  of  r^  of  anlphoric  add  immediately  prodncc*  the 
tint  Hence  boric  add  doea  not  take  soda  from  anlphnric  acid  or  eat  that 
-Si^hjdric  add  and  carbonic  acid  exhibit  aimilar  relatioaa  towarda  ani- 
L  ^Tincture  of  litmns  is  initiintlj  bleached  b;  chlorine-water,  bnt  not  till 
il  dava  bj  aqneous  aolntion  of  iodine:  now,  a  eolatioD  of  chloride  of  aodinm 
h  iodine  abonld,  according  to  BerthoUel.  prodace  a  mixtuic  eontaising 
f  aodinm  with  eiCHB  of  cUorine,  and  iodide  of  aodinm  with  eicess  M 
at  the  orang^jellow  miitoro  colonrs  litmus  green  (from  the  jellow  of  th» 
d  the  blae  of  Uie  tinctarc) :  and  a  Teijr  small  qnantity  of  (mlorine-watar 
.J  changes  thia  green  colour  into  the  orange-yellow  of  the  eolation  of  iodine : 
I  that  no  chlorine  had  been  aet  free  b;  the  iodine. — Ferric  phioaphate  ia 
hydrochlorio  acid,  but  not  in  acetic  acid.  From  ita  aolutioQ  in  hydrochloric 
oompletelj  predpitated  by  acetate  of  potaaaiam.  Now  if  the  potaah  had 
Ed  between  the  hydrochloric  and  acetic  adda,  part  of  the  hydrochloric  add 
«  famaiiMd  fre«,  and  would  have  held  aome  of  the  phoaphata  of  Jran  in 
(Om.  L  1S3.) 

ompaaition  of  sokble  by  insolnble  (alls,  aflbrda  a  striking  inatanee  of  the 
f  atoma  to  interchange,  and  of  the  infinence  of  maaa  on  chemical  action, 
to  H.  Roae  (Pogg-  Ann.  leiT.  481 ;  xcr.  9S.  384),  sulphate  of  barium  i* 
decomposed  I7  boUing  with  aolntiona  of  alkalioe  carbonate^  prorided  that 
of  sulphate  of  barium  is  acted  npon  by  at  least  1 S  at  of  the  alkaline 
'When  1  at  of  solphate  of  barium  is  boiled  with  only  I  at.  ct  carbonate  of 
only  I  of  it  ia  decomposed,  and  only  X  by  boiling  with  1  at  of  carbonate 
ftuthcc  decompoaition  being  prerented  by  the  prearace  of  the  alkaline  sal- 
ady  fonned.  U^  bowerer,  the  liquid  be  decanted  after  a  while,  the  nvidue 
h  a  freah  portion  of  the  alkaline  carbonate,  and  three  oprrationa  repeated 
OM,  complete  decompodtion  ia  cffrct«d.  Carbonate  of  hariom  ia  couTcrted 
its  by  the  action  of  an  aqueoua  aolntion  of  sulphate  of  potaSBinm  or  aodiiim, 
dina^  temperaturee.  Solution  of  carbonate  of  ammonium  doea  not  decom- 
atd  of  barium  either  at  ordinaiy  or  at  higher  temperalorra ;  carbonate  of 
not  decomposed  by  anlphate  of  ammonium  at  ordmaiy  temperatures,  but 
boiling.  Snlphate  of  barinm  is  not  dccompoeed  by  boiling  with  oanatia 
ition,  prorided  tha  carbonic  add  of  the  air  M  excluded ;  bnt  by  tbiion  with 
potaasium  it  ia  decomposed,  with  formation  of  carbonate  of  bariom,  because 
ic  acid  of  the  air  cannot  tiien  be  completalj  eiduded.  Hydrochloric  and 
I,  leftin  contactatordiaarylemperatares  with  sulphate  of  barium,  either  cm- 
'  ptcdpitated,  diaaolve  only  traces  of  it ;  at  the  boiling  beat,  a  aomewbat 
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Othen,  uaoog  whom  was  Lciupry.  ■apposed  tlut  uNrnU  are  fiuiuihed 

ibar  of  ahup  points,  hy  mevi>  of  whidi  they  an  more  or  len  adapted  to 

lenuelirea  into  the  porea  of  nUd  bodie*  &ud  oombine  with  them. 

ng  theae  cmde  notionSt  we  bare  to  consider  four  difltiiict  hjpothew  whioh 

proposed  to  account  for  the  phenomena  of  chemical  action. 

ical  tmnbinalunu  art  produaJ  by  vnitertal  attraotion, 

I  wu  the  flnt  who  referred  chemical  combination  to  oniTenal  attraction, 

did  not  regard  the  atbvctioa  betveen  oltimatB  partidea  aa  axactlj  the 
tliat  which  acta  betveen  the  great  bodiiM  of  the  nsivene. 
Llet  aJflo  r^arded  chemical  combination  aa  a  manifntation  of  the  fi>r^  of 
.ttraction,  exhibiting  pecnUar  characteriatics,  becaue  it  ia  exerted,  not  on 
t  on  molecules  placed  at  ezDemelj  amall  diatancea  fitim  each  other.  Being 
ed  with  the  lava  of  combination  in  definite  pitnxirtiona,  he  anppoaad  that 
rirtne  of  their  affinity,  are  eaaentiall;  capable  of  uniting  in  all  proportiooa, 
ited  what  he  considered  the  apparent  exceptions  to  the  lav,  entirely  to  the 
reoheaion  and  elasticity.  That  these  causva  exert  conaiderable  influence  on 
ambinatioD,  ia  anfliciently  evident  &om  the  phenomena  alieadj  diacuaaed ; 
definite  proportion  ia  abeolately  dependent 


witli  DOT  present  knowledge  of  the  conatitulion  of  chemical 

indeed,  the  single  fact  that  chlorine  aDdhydr ''" " '"" 

-  *- "droehloric  acid  gaa,  vithoDt  any  conden; 
tbe  nnlMabili^  of  inch  •  rappoaiiioi]. 
toaietmbiiuUioiuartproiMetd  bga  pteultarpmoer  ealttd  J//tnitg,  iatinet 
naX  attraction.  UniTeiMl  attractiDn,  as  manifested  in  giBTitation,  acta 
all  anbstances  in  proportion  to  the  maas,  whenaa  in  chemical  l^iuminaaa 
h  of  the  attnelJon  is  determined  especially  by  the  pKuIiat  natnre  of  tlia 


mtra  ^  htla-o^tMimt  atemi  u  tht  rttull  0/  Ettalritmt  attrmatitm. 
m  thwriea  of  thia  kind  have  been  piopoeed,  among  others  by  Vtvy,  Domaa, 
Ampire,  Otottbiua,  Schweiggei',  Fecnncr,  Benelina  and  L.  Gmdin. 
nasa|i^oaed  that  "The  atom  of  eveiy  subatanee  has  two  poles,  on  which  the 
tetrieibea  an  accumulated  iu  different  proportiona,  according  to  the  nature 
M.  The  atom  of  many  bodiea,  oxygen  for  iuitance,  has  a  large  quantity  of 
iectrieity  attached  to  one  of  ita  poles,  and  but  a  rery  small  qiuntity  of 
Ktricity  at  the  other ;  that  of  other  hodita,  potassiuin  hi  example,  haa  a 
ity  of  poaiKTe  electricity  at  one  pole,  and  a  rery  little  negative  electricity 
ir.     Thns  the  elementary  snbetancM  are  diTided  into  lUclriMitgatitu  and 


.    nr.  then 
lydrogen,  in  which  the  quantities  of  the  two  electricities  an  ,     , 

tro-poeitive  aubatances,  potaaaium  has  the  laigeet  quantity  of  positive  and 
it  of  ncgBtive  eUctiicity;   and  this  ineqnali^   eontinnaUy  dtmintalwt  in 


lanlphnr.  then  nitnwen,  & 
'    ■  '   ■'         ■  nearly  eqn 


ts,  till  we  come  to  gold,  in  which  the  poaitiTe  etectrid^  pi 

the  negative  —  ao  that  thia  element  occupies  the  next  placs  to  hydrogen. 

to  thia,  the  elements  ancceed  one  another  ia  the  eleetro-ehonical  mrita 

I  aa  followB,  beginning  with  the  elBCtro-ncgatjve, 

iwyflrtw,  0.  a,  N,  F,  CI,  Br,  I,  S^  P,  As,  Cr.  V,  Mo,  W,  B;  C.  Sb,  T^  Ta, 


he  latter.     Before,  however,  combini 

gative,  and  the  Utter  positive  electricity  in  the  &ee  state;  and  tl 
electricitiee  continually  increaaea  as  the  bodies  approach  the  temperature 
imhinatton  takes  place.  Hence  ws  have  an  explanation  of  t^fricify  by  eon- 
he  instant  of  combination,  the  negative  poles  of  the  atoms  of  the  nrat  body 
elves  towards  the  positive  poles  of  those  of  the  second;  and  since  it  is  onl^ 
.  state  that  the  atonu  poasean  the  mobility  necessary  for  this  arrangement,  it 
t  Bolid  bodies  have,  generally  speaking,  no  chemical  action  on  one  another. 
Ectridties  of  these  poles  now  combine  and  prodncc  heat  or  fire,  whereupon 
^eaI,  Inevery  chemioai  combination,  therefore,  a  nentrallaation  of  the  oppodle 
-  takes  place,  by  which  heat  or  fire  ia  produced  in  the  same  manner  as  mthk 
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if  tha  original  companndt  tie  mii»d  in  exactly  eqairilmt  proportlona,' 
■ult  IB  the  formation  of  oiilj  two  ralla,  Til.  id  t£is  com,  H'SO'  aod  A^L 
ttalt  is  produced  when  one  of  ths  products  of  the  decompodtiou  ia  TolatQs 
•ting  t«inpentni«,  aa  when  bydnte  cc  eubMUl«  of  lodiiuii  ia  bMlsd  with 


"P'"  ,  ... 

i)  ia  in  cxceae  of  the  other  (aulphale  of  copper),  thcD,  u  the  atotna  of 
their  aerenil  interchanges  most  come  in  coatoct  with  eblorine-atoma  more 
than  with  SO^-atomB,  thfl  flmd  reault  TQUBt  be  the  formatioa  of  a  larger 
'  chloride  of  copper  and  of  anlphate  of  hydrogen  than  if  the  bodies  bad  been 
loiTslent  proportiona,  this  effect  of  conrse  increaaing  u  the  relative  qnaotity 
brie  acid  is  greater  in  the  original  miitore ;  and  thua  we  hare  an  ezplana- 
aJTeet  of  maas  in  chemical  reaction. 

e  tbeaiy  afforda  an  easy  explanation  of  certain  chemical  cbangea  otherwise 
obacnre.  Consider,  for  example,  the  foimatioa  of  ether  bj  Uie  action  of 
leid  upon  alcohol,  whereby  ethjl-snlphoric  acid  (solpbate  of  ethyl  and 
is  first  formed,  and  afteraurds,  at  a  eeriain  temperature,  ether  and  water 
itod  (p.  76).  When  alcohol,  "^'[o,  asd  mlphnrie  arid,  g[sO',  are 
itber,  tbe  interchange  between  the  atoms  of  ethyl  in  the  former  and  of 
1  the  latter  gives  riae  to  the  fbrmation  of  ethjl-snlphnrie  add  and  water ; 


mge  does  not  stop  here :  for  tbe  ethjl-solphnrir  add  thus  produced,  meeting 
moleenlee  of  ahuhol,  exchanges  its  ethjl  for  the  hydrogen  of  the  alcoboC 
ither  and  snlphnrie  acid : 


0. 


ric  add  is  thns  restored  to  its  original  state,  and  is  read;  to  act  apon  freah 
if  alcohol ;  so  that  if  alcohol  be  allowed  to  ran  into  tbe  mixture  in  a  con- 
m,  the  temperature  being  kept  within  certain  limits  (between  130°  and 
le  proc«B  goes  on  without  interruption,  ether  and  water  continually  distil 
he  same  quantity  of  sulphuric  add  sufflcea  for  tbe  etheriflcation  of  an  on- 
ntity  of  alcohoL  This  la  the  pecoliaritj  of  the  process  ;  it  has  given  rise 
1  more  or  leas  unsatis&etot;,  the  discosaion  of  which 
the  present  pnrposo ;  it  is  Buffident  to  remarli  that  the  hypotheeia 
interchange  afibrds  a  ready  explanatioD  of  the  chief  peculiarity  of  the  re- 
tbe  formation  and  decomposition  of  ethyl-sulphuric  acid  followisg  each 
naoaalj,  without  any  change  of  temperature  or  other  determining  eauae. 
oittsd  that  the  atoms  of  ethyl  and  hydrogen  in  the  mixture  ore  continually 
ng  in  all  possible  ways,  this  series  {^  alternate  actions  fallows  as  a  neees- 

of  atomic  motion  is  in  aceordtDM  with  physical  as  well  aa  chemical  ^he- 
ro suppose  that  zest,  rather  than  motion,  is  the  normal  state  of  the  partielM 
>  at  variance  with  all  that  we  know  of  the  effects  of  light,  heat,  uid  elec- 

tbfl  theory  of  heat,  the  particlea  of  bodiea  an  supposed  to  be  affMed  with 

as  well  as  with  rotatoir  and  vibratory  movementa ;  and  this  same  h^'po- 
'ogreasire  movement,  which  of  coarse  implies  change  of  relative  poaitian 
I  partidea,  affords,  as  already  stated,  an  easy  explanation  of  certain  chemical 
herwise  difficult  to  nndentand. 
iCHd^IO    AOZS.      C"H''0'.~An  add  obtained  by   boiling  tvim- 

add,  the  sulphuretted  add  of  gooso-hile,  with  baryta-water,  and  decom- 
-eBolIing  banum-salt  with  hydrochloric  add.  It  is  insoluble  in  water,  but 
Icobol  and  ether,  whence  it  aeparatea  as  an  amorphous  mass.  The  aolutiona 
:id  rfiaction,  and  give  ths  chaneteriatic  blood-red  colour  with  sugar  and 
dd.  It  is  insoluble  in  cold  potash,  bnt  when  heated  with  it,  forma  a  salt 
a  &esd  from  excess  of  potaah,  dissolvea  readily  in  water  and  in  aloohoL 
^salt  consists  of  C"H"BaO*.     (Heinla  and  Wislicenns,  Pogg.  Ann. 

lOOnW&XTS.     An   impnre  iron  sinter,  containing  a  little  silver  and 
cobalt     It  is  a  product  of  decomposition,  not  a  distinct  mineral 
VOSXiriK.     The  herb  of  OkivwnKiiwaainArDSuiifJyielda  by  distillation, 
'niab-yellow  vohilile  oil  (about  l]  oa.  from  ID  lb.)  having  an 


'   }l 
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1,- 


A 


eooling  Utttt  fH.  Becker,  Zeitschr.  Pharm.  1854,  p.  8>  According  to  Hirsel  (ibid.) 
thieon,  dehyorated  by  chloride  of  caldom  and  rectified,  yields  a  oolourleM  disdIUttf 
boiling  at  1790  to  181^  C. 

Chenvpodium  marUimum. — The  aah  of  thia  plant,  growing  on  a  strip  of  land  rt- 
daimed  from  the  sea,  has  been  analysed  by  H  ar ms  (Ann.  Ch.  PharoL  sdy.  247)  irith 
the  following  results :  a.  Flowers  and  young  shoots,    b.  Stems. 


a. 


K«0 

4*4 

81 


Na'O 
2-3 
5*0 


CaO 
4-2 
4*4 


6-6 
2*0 


FeK)» 
4*3 
2*6 


C0« 
0^ 
0*8 


SO*      8iO«      StJCl 
8-0        2^        71-9  -  100 
8-8        2-0        76-9  »  100 


Traces  of  manganese  were  also  found.  The  flowers  andyonnf  shoots  are  said  to  yield 
31*9  per  cent  ash,  and  the  stems  24-3  per  cent  This,  together  with  the  rery  large 
proportion  of  chloride  of  sodium  in  the  ash,  seems  to  show  that  the  plants  analysed 
were  saturated  with  salt  water.  Aster  tripolium  grown  on  the  same  soil,  likewiae 
yielded  a  yery  large  amount  of  ash,  containing  about  66  per  cent  NaCl  in  the  stem 
and  leaves,  and  30  per  cent  in  the  flowers. 

Chenopodivan  olidum, — This  plant  contains  an  alkaloid  havinff  the  composition 
C*H*N,  either  trimethylamine  or  raopylamine,  to  which  its  foetid  odour  i^ypean  to  U 
due.    (Dessaignes,  Compt  rend,  zxxiii  368.) 

Ckenopodium  Quinoa, — According  to  Volcker  (Chem.  Gaz.  1861,  p.  129)  quinoft 
seeds  dried  at  100^  C.  contain  46-10  per  cent  starch,  6-10  sugar  and  eztractiTe  matter, 
4*60  gum,  6*74  oil,  8-91  casein  with  a  little  soluble  albumin,  13-96  insoluble  albnmin 
and  other  albuminoidal  compounds,  9-63  yegetable  fibre,  6*06  ash.  The  ash  (after 
deduction  of  sand  and  charcoal)  contained  36-76  per  cent  potash,  1*31  chloride  of 
sodium,  2-46  lime,  13*61  magnesia,  1-78  ferric  oxide,  38-99  phosphoric  anhydride,  3*36 
sulphuric  anhydride,  and  2-19  silica. 

OBJHRT.  A  tenn  often  applied  to  homstone  and  to  any  impure  flinty  rock,  in* 
eluding  the  jaspers.     (See  Ur^s  Dictionary  of  Art$^  Manvjactwres  and  Mines,  i  666.) 

CAMBSIXXTB  or  CKBSST  OOWWWMm  Syn.  with  Azubzts.  (See  Casboxatbs 
OF  COFFSB,  p.  784.) 

See  FiLSPAB. 


CBXSTJiUT.  Castanea  t/esca, — The  fruit  of  this  plant  has  been  examined  by 
Payen  (J.  Pharm.  [3]  xtl  279)  and  by  Albini  (Wien.Akad.  Ber.  ziiL  602).  Payeo 
found  in  100  pts. : 


Of  the  eultiyated  chestnut .    . 
Of  the  wild  ehestnut     .    .    . 

Water. 

Ath 

to  dry 

Substance. 

Kltrogm. 

In  freth 
Substance. 

In  dry 
Substance. 

After 

deducting 

Afth. 

64-21 
48-06 

404 
3-21 

0-63 
0-60 

117 
0-96 

1-21 
0-99 

Albini  found  in  the  shelled  kernels  of  dried  chestnuts  from  yarious  parts  of  Italy: 
3-0—3*3  per  cent  ash,  1-2—2-1  fat,  23-2— 380  starch,  22-8—23-3  dextrin,  17*6 -17'9 
sugar,  6-6 — 84  cellulose,  0-9 — 2-1  yegetable  albumin,  and  6*2 — 6*3  so-called  protein- 
compounds. 

According  to  Dessaignes  (J.  Pharm.  [3]  zzy.  28),  ehestnuts  contain  a  little  asptr- 
agine,  but  no  quercite. 

The  entire  fruit  of  the  tree  (undried)  yields  0*99  per  cent  ash,  containing  in  100  pt«. 
86-88_jC*0,  1918  Na«0,  784  CaO,  784  MgO,  6*48  Mn«0«  [?],  3*88  80«,  2'82  SiO«. 

I,  4-82Naa. 


7*38  PK>*,  1'9  phosphates  of  calcium,  magnesia,  and  iron, 
■on,  Jahresber.  f.  Chem.  i.  1074.) 


(T.  Richard- 


Holhw  Spar,  Made.  AlH)*.SiO*.— A  variety  of  AndaluBite 
crystallised  in  riffht  rhombic  prisms  with  angles  of  91^  36'  and  88^  27'.  On  looking 
into  the  end  of  ue  prism,  we  jperceiye  in  the  axis  of  it  a  blackish  prism,  suiroundod 
by  the  other,  which  is  of  a  greyish,  yellowish,  or  reddish-white  colour.  From  each  aoj^e 
Jf  the  interior  prism,  a  blackish  line  extends  to  the  corresponding  angle  of  the  exterior. 
In  eoch  of  these  outer  angles  there  is  usually  a  small  rhomboidal  space,  filled  with  the 
same  dark  substance  which  composes  the  central  prism.  The  black  matter  is  the  same 
clay-slate  with  the  rock  in  which  the  chiastolite  is  imbedded.  Fractui^,  foliated,  with 
double  cleavage.  Translucent  Scratches  glass.  Rubbed  on  sealing-wax  it  imparts 
ne^tive  electricity.  Specific  gravity  2*94.  Hardness  3—7-6.  Before  the  blowpipe 
it  IS  convertible  into  a  whitish  enamel     It  has  been  foimd  in  Britany,  in  the  Ppnieca, 
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of  Btrk[^  and  in  Galicia  id  8p«ii],  otti  SL  Iigo  de  CompottcUa.    Tlia 
[  ajit^ii  pnperi;  tn  elougibid  four-ridad  jijniDi±  U, 

A  rad  djf,  abtiined  from  the  leaxu  of  Biffnonia  dica.     (See  CxauusD. 


F^}*         A1*0>         Fe'O       Hd'O      Ck'O     Mg^       HK>  Total. 

a»M        18-77        W7«        8-1II        0-M         —         17-00  lOa-M 

28-S3         14-U        sees        S-07         —         O'U        IS'fiS  lOO'SI 

ting  S-S3  pci  cent  of  imolnbla  randoa  in  Z.  and  4'Ot  in  11.). 
I  aul^ril  U.,  vbidi  ira*  made  with  mm  "■«'*"«l  than  L,  Rammnlibwg 
formula :  2(4M"O.PK)')  +  SAl'O'J'O'  +  IfiH'O,  »liidi  maj  be  ndne«d  to 
rtbophoiphale  with  hjdratA  of  alDmimam  >iid  vatei,  rii. :  (H*)*iir(FO')*. 
lOaq.  The  erystsli  belong  to  the  trimetric  ^atam  :  F.{P.8Fcd  .Pco  .  aP 
pavage  parallel  to  Palidal>«(BF«okB,  Rammelaberg).  ^pedfie  graritj 
BMidBBa  ••  6  (Bammalibarg).  The  ci^'stala,  which  are  traniptiMnt 
17  loatr^  and  nrj  ia  colour  bim  ;ellonih-brown  to  blackisb,  are  haii 
ace  of  spathic  iron  ore  iate^rawn  with  quarts,  inm  pjritee,  and  copper 
rooke,  Ann.  PhiL  Tii,  816, — Bammeliberg,  PoBg.lzxxT.43i;  PhiLMag. 

R&    S^n.  vith  Ofimra. 

nrmL   870.  with  Pbsknitb. 

&ni^  CHIT.  Quiitalnne,  Lmeal  (Bnnge,  Pogg.  Ann.  xxxi.  6S.— 
,  Ann.  Ch.  Phann.  zlii.  310 ;  zliv.  276.— Hofmano,  Md.  xlri  SI ;  liiL 
16.^Bromei>,  tiidlii.  130. —Laurent,  Ann.  Ch.  PhTL  [3]  xix.  3S7. 
ille  Williama,  Ed.  Phil  Trana.  iiL  [2];  [3]  877;  Jahreaber.  f.Cbem. 
8;  18SS,  p.  fiSa.— T.  Babo,  J.  pr.  Chem.  bxiL  73.— Om.  liii.  243).— 
839,  obtained  from  eoal-tar  an  organic  baae  to  which  ha  gaye  the  name  of 
rhardt,  in  I B42,  obtained  a  mmilat  product,  qaneitaie,  hj  diatilling  quinina 
organic  baaea  with  potaah.  HofinaiU)  ahowed  that  Oerhaidt'a  qiuDoleina 
a  &acal  were  idantieaL  I^nrant  Irat  pointed  ont  that  Oerbardf  a  quino- 
.  mixture,  a  bet  aftemnla  cMaUiihad  bj  Or.  Williuu,  who  aeparated 
iae  from  it,  aa  well  aa  bom  the  mittwe  i^  baaea  obtained  from  coal'tar. 
to  Ulnr  ezperimentj  b/  Williama,  howarer,  the  chinoline  from  ooal-Iar 
liffer  in  aome  rcnwcta  frrim  that  which  is  obtained  from  cinchonina^  &o, 
la  also  Bucceeded  m  preparing  from  cliinolioe  (obtainrd  ftom  cintdioniiM), 
colouring  matter  likely  to  be  naetiil  in  djeing. 
n. — Chinoline  ii  proibiced  in  numerom  reactioua :  —  1.  In  the  drj  diatilU- 

ue  with  hydrate  of  potaaainm  (Qerhatdt).  —  3.  Bj  the  electroljaia  of 
cinchooine  (v.  Babo).- 4.  B;  distilling  thialdina  with  milk  of  lima 
Lnd  Liebig,  Ann,  Ch.  Phifm.  Izi.  t.)^S.  Hj  the  di;  diatillation  of  tri- 
irtrigenate  of  ailnr  (Liebig  and  Wohler,  ii«£.  lix-SBB).- 6.  Bt  dia- 
erine  with  milk  of  lime,  or  hjdrateof  lead  (Bodeker,  Ann.  Ch.  Pbann, 
Bodeker  alsi  ttatm  that  chronule  of  pelosine  heated  to  100°  C.  giTM  off  k 
chinoline  and  pbenic  acid;  but  accoidinE  to  Williama  (Jahnaher.  d. 


1  aome  of  the  abave  reactiona  hsa  been  iuened  merely  &om  ila  odour, 
ality,  not  a  trace  of  it  haa  been  preaent, 

ran. —  1.  From  Cinehonitu.  PulTeriaed  cieehonine  ia  gndoally  added  to. 
potaHinm,  which  ia  heated  in  ■  retort  till  it  melta ;  the  miitaie  i*  then  tuiapd 
temperature  till  it  beeomea  brown  and  emits  atifliog  Tapoort  (Oerhaidt); 
tilUta,  which  ia  a  mixture  of  aeTeial  baaee,  ia  bailed  with  an  acid  fee 
•a,  whereby  pjrrhol  ia  diiTen  oS  The  dry  chinaline  which  aAerwuda 
.  beginning  to  boil  at  149''  C,  but  not  paeaing  over  in  large  qnsatitiea  till 
point  risea  to  183° ,  ia  sepantad  by  repeated  fractionsl  distiUatiou  (about 

into  several  portiooa,  the  loweet  of  which  boils  betweea  1£4°  and  180°, 
heEt,  xrhich  ii  the  largest  in  quantitr,  at  271°.  Of  theae  fractions,  that. 
Is  below  16B°  contains  Intidine,  with  a  little  pyridine  and  picoline;  that 
7°  and  182°  contains  collidine,  which  ia  alao  (bond  in  the  juvdaeta  up  to 

the  portion  which  diatila  aboTe  !S8°,  eepeciall;  that  between  21B°  and 
ila  of  chinoline  and  lepidine,  the  latter  being  found  chiefly  in  the  portioB 


Mf 


■:i'.  •    '!  <r\ 


m 


870 


CHINOLINE. 


)  \ 


H 


'  H\ 


l;i ; 


k 


1 . 


f . 


t,i 


boiling  above  270®.  To  obtain  fihinoline  (and  the  other  bases)  perfectly  pure,  the 
indiridual  fractions  are  converted  into  platinnm-aalta,  and  ecparuted  by  fractional 
crystallisation.     (Williams.) 

2.  From  Coal-tar  Oil. — a.  The  mixture  of  phenylamine  and  chinoline  (leoeol), 
obtained  from  heavy  coal-tar  oil  (see  Fhbmtlaminb),  is  dissolved  in  absolute  alcohol, 
and  neutralised  with  oxalic  acid;  and  the  mother-liquor  decanted  frx>m  the  oxalate 
of  phenylamine  which  has  crystallised  out,  is  distilled  with  potash,  the  receiver  being 
changed  as  soon  as  the  distillate  no  longer  produces  a  blue  colour  with  hypochlorite 
of  calcium,  and  the  ehinoline  which  afterwards  passes  over  is  collected  apart  (Hof  • 
mann).  Chinoline  thus  obtained,  contains  lepidine  and  other  bases  (Wi  lliams).— 
b.  Fifty  gallons  of  the  oil  of  vei^  high  boiling  pointy  and  heavier  than  water,  are  treated 
with  sulphuric  acid,  and  the  aad  liquid  is  distilled  with  lime.  The  portion  of  the  dis- 
tillate which  sinks  in  water,  contains  chinoline,  lepidine,  &c.,  together  with  a  number 
of  bases  of  the  phenylamine  series.  The  latter  are  decomposed  with  nitrite  of  potas- 
sium and  hydrochloric  acid  (see  PHBNTLAJora) ;  the  acid  liquid  is  distilled  from  the 
heavy  oil  containing  phenic  add ;  the  admixed  non-basic  oUa  are  expelled  by  passing 
steam  through  the  liquid ;  the  residue  is  filtered  through  charcoal ;  and  the  bases  are 
separated  from  the  aqueous  solution  by  potash,  and  dried  over  sticks  of  solid  potash. 
The  mixture  thus  obtained  yields,  after  more  than  a  hundred  fr-actional  distillations, 
portions  boiling  between  177®  and  274®,  and  from  these  the  chinoline  is  separated  bj 
fractional  crystallisation  of  the  platinum-salts,  as  above.     (Williams.) 

Properties. — Chinoline  is  a  transparent,  colourless,  strongly  refracting,  mobile  oil, 
which  neither  thickens  or  freezes  at  —  20®  C.  (Ho  f  mann,  Br  om  eis).  Specific  gravity 
1*081  at  10®  (Hof mann).  It  conducts  electricity  less  readily  than  phenylamine 
(Hofmann),  boils  steadily  at  238®  C.  and  distils  without  alteration  f  Willi  ams) :  it 
evaporates  even  at  ordinary  temperatures,  so  that  the  oil-stain  whi(m  it  produces  on 
paper  soon  disappears.  The  vapour-density  of  chinoline  boiling  between  238®  snd 
243®  C.  is  4*519  (Williams).  Chinoline  has  a  penetratin|g  odour,  like  that  of  pbo«- 
phoms  and  of  hydrocyanic  add  (Runge),  of  St  Ignatius'  bean  (Oerhardt),  ot 
bitter-almond  oil  (Hofmann).  It  does  not  appear  to  be  poisonous  (Gerhard t). 
The  aqueous  solution  kills  leeches,  but  when  introduced  into  tne  stomach  of  a  rabbii 
produces  only  transient  oonvulrive  symptoms  and  prostration  of  strength.  It  if 
alkaline  to  litmus  and  turmeric  (Gerhardt,  Bromeis);  only  to  dahlia-paper 
(Hofmann). 

Several  formulfe  have  been  proposed  fbr  chinoline.  According  to  the  analyses  of 
Hofmann  and  Bromeis  (made  on  chinoline  containing  lepidine,  according  to  Wiliianis\ 
it  is  C*H«N ;  Gerhardt  at  first  regaided  it  as  C*H*>NO,  afterwards  (TVaiU,  iv.  449)  m 
C'*H*N.  The  formula  C*H^,  fint  suggested  by  Laurent,  is  oonflnned  by  Williams  s 
analyses  of  several  of  the  salts ;  the  pure  base  does  not  appear  to  have  been  analysed. 
The  formula  C*H^  gi'^cs  for  the  vapour-density,  calculated  to  two  Tolumes,  the  number 
4*47  which  agrees  very  nearly  with  Williams's  determination. 

Chinoline  is  very  sparingly  soluble  in  cold  water,  rather  more  in  hot  water  and  it 
extracted  from  the  solution  by  ether  (Hofmann).  When  shaken  up  with  water  at 
0®  C.  it  forms  a  clear  oil  containing  2C*H'N.8HK),  which  at  16®  C.  gives  up  water  and 
becomes  turbid.  When  chinoline  saturated  with  water  at  0®  C.  is  heated  to  100®,  water 
and  a  little  chinoline  escape,  and  a  dear  hydrate  remains,  containing  2CH*'N.H*0. 
which  remains  limpid  and  mobile  at  —20®,  but  is  resolved  by  distillation  into  water  and 
anhydrous  chinoline.     (Bromeis.) 

dhinoline  mixes  in  all  proportions  with  sulphide  of  carbon^  aicohoi^  ether,  wood- 
spirit,  aldehyde,  and  acetone ;  it  also  mixes  with  oils,  both  fixed  and  volatile.  It 
dissolves  phosphorus,  sulphur,  and  arsenic,  also  common  camphor  and  eelophvny,  but 
not  oopal  or  caoutchouc.    It  does  not  coagulate  albumin. 

Decompositions. — 1.  Chinoline  when  set  on  fire,  bums  with  a  luminous  but  smoky 
fiame. — 2.  It  becomes  resinised  b^  exposure  to  the  air. — 3.  Chlorine  instantly  changes  it 
into  a  black  resin,  with  great  nse  of  temperature  and  evolution  of  hydrochloric  add 
(Hofmann^,  into  a  yeUow  oil,  which  is  decomposed  by  water,  leaving  a  white 
infK>luble  suMtance  (Williams).  —  4.  With  bromine,  it  forms  a  similar  resin  (Hof- 
mann).—  5.  Aqueous  chinoline  treated  with  a  mixture  of  hydrochloric  acid  and 
chlorate  of  potassium  rapidly  becomes  covered  with  a  layer  of  orange>red  oil,  which 
solidifies  to  a  tou^h  mass  on  cooling  (Hofmann).  —  6.  Fuming  nitric  add  acts 
violently  on  chinohne,  and  converts  it  into  a  splen^d  mas^  of  crystals,  but  do€«  not 
form  any  products  of  decomposition  (Gr.  Williams). — 7.  ChinoHne  immediately 
takes  fire  m  contact  with  dry  chromic  acid,  and  is  resinised  by  aqueous  chromic  add 
(Hofmann). —  8.  Permanganate  of  potassium  Aeoom^osw  chinonne  into  oxalic  acid 
and  ammonia  Hofmann).  •^Potassium  dissolves  in  chinoline,  with  evolution  of  hj- 
drogen,  but  without  colouring.  On  melting  potassium  in  chinoline  vapour,  cjiinide  of 
potassium  is  formed,     Chinoline  vapour  pas^rd  over  burnt  tartar,  remains  for  the  m^^ 
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fMrt  nnclumged,  but  fonns  a  small  quantity  of  cyanide  of  potassium  (Hofmann). — 
10.  Chinoline  passed  over  red-hot  quick  lime  (Hofmann),  or  8oda4ime  (Bromeis), 
•ufTiTS  little  or  no  decomposition. — 11.  Enclosed  in  a  sealed  tube  with  iodide  of  methyl, 
.  and  heated  for  ten  minutes  to  100^  C.,  it  is  changed  into  crystals  of  hydriodate  of  methyl- 
chinoline.  In  like  manner,  it  is  conyerted  by  iodide  of  cthf/l  into  hydriodate  of  ethyl- 
chinoline,  and  by  iodide  of  amyl  into  hydriodate  of  amyl-chinoline  (Williams). — 
12.  Chinoline  becomes  warm  when  mixed  with  sulphate  of  methi/l  {aometimes  disengag- 
bg  vapour  of  methylie  ether  and  methylic  alcohol),  and  forms,  if  complete  combination 
has  been  promoted  by  heat,  a  liquid  soluble  in  water,  which,  when  excess  of  sulphate 
of  methyl  is  present,  deposits  separate  ciystals.  The  liquid  is  rendered  turbid  by 
potash  or  baryta,  and  separates  oil*drops,  which  at  first  become  red,  then  green, 
finally  riolet,  and  when  heated  pass  into  a  beautiful  violet  resin,  methylirisine,  with 
formation  of  sharp,  strongly  smemng,  condensable  vapours.  At  the  same  time  a  brown 
resin  and  a  sulphomethylate  are  formed.  Chinoline,  heated  to  boiling  with  sulphate 
of  ethyls  forms  a  colourless  liquid,  which,  when  boiled  with  strong  caustic  potasli,  de* 
posits  a  violet  resin,  ethylirisine^  insoluble  in  ether,  and  a  brown  resin  soluble  in  ether, 
i^iile  an  ethylsulphate  remains  dissolved,  and  a  sharp  neutral  oil,  sinking  in  water, 
passes  over,  which,  if  immediately  mixed  with  dichloride  of  platinum,  yields  beautiful 
needles,  but  soon  decomposes  (v.  Babo).  — 13.  CA/oru^  o/ or^^V^  acts  violently  on 
chinoline,  forming  a  crystalline  very  deliquescent  mass  (Williams).  — 14.  With 
etmnate  of  ethyl,  it  solidifies  into  a  crystalline  mass  consisting  of  phenyl- chinyl-car- 
bamide,  N«(CO)-.C«H».CH».H«. 

CHnoLms  Salts.  —  Chinoline  unites  with  acids,  forming  salts  which  crystallise 
easily  (Williams).  It  precipitates  salts  of  aluminium  and  ferricum,  and  renders 
lead^salts  and  ferrous  salts  slightly  turbid  (Hofmann).  Acoording  to  Geriiardt,  it 
precipitates  nitrate  of  silver,  but  not  ferric  nitrate. 

Chinoline  salts  are  decomposed  by  fixed  alkalis ;  also  by  ammonia  at  a  moderate 
heat ;  but  at  high  temperaturos,  chinoline  expels  ammonia.  Drj  chinoline-salts  treated 
mth  phenylamue,  emit  the  odour  of  chinoline.  (Hofmann.) 

Cklorhydrate  or  Hydroehlorate  of  Chinoline. — Chinoline  absorbs  hydro- 
chloiie  add  gas  violently,  and  with  evolution  of  heat,  and  solidifies  on  cooling  to 
white  crystals,  which  take  up  moro  hydrochloric  acid,  becoming  red  and  liquid,  and  on 
again  cooling,  solidify  to  a  deliquescent,  slightly  crystalline  mass.  Hence  chinoline 
appears  to  form  both  a  neutral  and  an  acid  hydroehlorate  (Bromeis).  When  hydro- 
cnlorie  acid  gas  is  passed  over  chinoline  dissolved  in  ether,  the  hydroehlorate  separates 
in  heavy  visoous  drops,  which  after  a  while  become  slightly  ciystalline  (Hofmann). 
Mixed  with  solutions  of  metallic  chlorides,  it  forms  doable  salts,  which  for  the  most 
part  orystallise  readily. 

Chlorantimonite. — Chinoline  forms  with  trichloride  of  antimony  a  whiteprecipitate, 
i^ch  dissolves  in  boiling  hydrochloric  acid,  and  crystallises  on  cooling  (Blofmann). 

Ckioro-^unUt,  C*H^.HCL AuCl'.  —  Delicate  canary-yellow  needles,  permanent  in 
the  air,  sparingly  soluble  in  water,  and  containing,  when  dried  at  lOO^C.  41*86  per 
cent,  of  gold;  the  formula  requires  42*0  per  cent.    (Williams.) 

CUoToeadmaU,  CH^.HCn.CdCl*. — The  concentrated  solutions  of  hydrochlomte  of 
chinoline  and  chloride  of  cadmium  solidify  to  a  pulp  when  mixed:  the  dilute  solutions 
jield  white  permanent  needles,  which  give  off  2  at.  water  at  100°  C,  volatilise  com- 
pletely at  a  higher  temperature,  and  are  sparingly  soluble  in  alcohol.    (W  i  1 1  i  a  m  s.) 

Chhromercurate.  C*H'N.Hg^Cl'. — White  precipitate,  whi<^  is  not  decomposed  by 
boiling  water  (Hofmann),  and  separates  on  cooling  in  beautiful  pearly  plates 
(Bromeis).  It  smells  of  chinoline,  and  has  a  very  bitter,  disagreeably  metallic  taste. 
According  to  Hofmann's  analysis,  it  contains  265  per  cent.  C,  17'fi  CI,  and  49*9  Hg, 
the  formula  requiring  27*0  C,  17*76  CI,  and  600  Hg. 

CU&ropalladite,  2(C*H'N.HCl).PdCl*.— Chestnut-brown  crystals,  containing  20*96 
per  cent.  Fd;  by  calculation  21*18  per  cent.    (Williams.) 

ChUroplaiinate.  2(C»H'N.HCl).PtCl*.— Yellow  crystalline  precipitate,  which  dis- 
eolyes  in  393  pts.  of  water  at  16°  C.  (Williams).  The  salt  obtained  by  fractional 
cxjstallisation,  fourteen  times  repeated,  from  a  portion  of  the  bases  (prepared  from 
cinehonine,  p.  869),  boiling  between  238°  and  243°  yielded  3236  per  cent.  C,  2*74  H, 
and  29*29  Pt,  the  formula  requiring  32*06  C,  2*58  H,  and  2919  CI.     (Williams.) 

ChloTOstannite.  Hydroehlorate  of  chinoline  forms  with  protoohloride  of  tin  a  yel- 
low, heavy  oil,  which  afterwards  becomes  crystalline,  and  dissolves  with  difficulty  in 
alcohol.    (Hofmann.) 

Chlaro-uranats.  2(C»H'N.HCI).(UW)"C1«.— Concentrated  solutions  of  ammonio- 
chloride  of  uranyl  and  hydroehlorate  of  chinoline  solidify  when  mixed :  dilute  solu- 
tions yield  beautiful  yellow  prisms,  containing  (at  100*^  C.)  31  87  per  cent.  C,  277  H, 
and  20*97  CI,  the  formula  requiring  3206  C,  237  H,  and  21  07  CI.    (Williams.) 
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Chromate  of  Chinoline. — Chromic  acid  formB  a  yellow  crystnUioe  precipittte 
with  chinoliDe  (Gerhardt,  Hof  mann).  Dilute  chromic  acid  added  in  exceei  to 
ivqueouB  chiooline  (obtained  from  cinchonine),  throws  down  a  small  quantity  of  reeinont 
matter,  which  becomes  crystalline  when  rubbed  with  a  glass  rod,  dissolves  in  boiling 
water  after  filtering  and  washing,  and  is  deposited  in  brilliant  needles  on  cooling.  It 
detonates  when  heated,  but  not  dfter  addition  of  hydrochloric  add.  The  erystals  gare 
by  analysis,  46*08  per  cent.  C,  3*49  H,  and  22*34  Cr,  agreeing  Tety  nearly  with  the 
formnk  2C»H'N.H«0.2CW)«  (Williams).  Chinoline  from  coal-tar  did  not  yield  a 
crystallised  compound  with  chromic  acid,  but  only  oily  drops,  eren  when  the  imporitiea 
which  could  be  aestroyed  by  chromic  add  had  been  remoyed.    (Williams.) 

Nitrate  of  Chinoline. — Solution  of  chinoline  in  excess  of  nitric  add,  leayes  when 
evaporated  over  the  water-bath,  a  pasty  mass,  which  solidifies  on  cooling,  and  when 
crystallised  from  hot  alcohol,  forms  white  needles,  permanent  in  the  air,  infosible  at 
lOO'^C,  and  consisting  of  C'H'N.HNO'  (Williams).  Easily  soluble  in  water  and 
alcohol,  insoluble  in  ether.    (Hof  mann.) 

Oxalate  of  Chinoline^  is  a  confused,  radiating  unctuous  mass,  easily  soluble  in 
water,  alcohol,  and  ether  (H  of  man  n).  An  aeidoxmate^  C^H'N.CHK)*,  is  obtained  on 
mixing  a  solution  of  16*6  pts.  oxalic  acid  in  a  small  quantity  of  water  with  243  pta 
of  chinoline,  as  a  soft,  white,  crystalline  mass,  which  when  reciyftallised  from  alcohol, 
forms  slender  needles  having  a  silky  lustre.  It  decomposes  at  100^  C,  with  evolution 
of  chinoline.    (Williams.) 

When  chinoline  containing  phenylamine  is  dissolved  in  alcohol  or  ether,  and  mixed 
with  alcoholic  oxalic  add,  ahnost  all  the  oxalate  of  phenylamine  is  deposited  after  a 
few  hours,  while  oxalate  of  chinoline  remains  in  solution.    (Hof mann.) 

Picrate  of  Chinoline  resembles  pierate  of  phenylamine.    (Hofmann.) 

Sulphate  of  Chinoline,  —  Crystallisable  and  deliquescent  (Gerhardt  and 
Hofmann.) 

Tannate  of  Chinolin  e. — ^Chinoline  forms  with  infusion  of  eaUs,  a  yellowish-brown 
predpitate  (Hofmann) ;  a  white  flocculent  predpitate,  solnbfo  in  baling  water  and 
m  alcohol.    (Gerhardt) 

SuietituHan'DeritfoHves  of  Chinoline. 

Mbthtl-ohiholihe,  C>«H^-N.H.CH«.0»H»  rGr.  Williams,  EdPhiL  Trans. 
XXL  [3]  577.)— Not  known  in  Che  fi^ee  state,  at  least  in  d^nite  form.  The  kydriodaU  is 
obtained  in  fine  cryBtals,  by  heating  chinoline  and  iodide  of  methyl  together  to  100®  C. 
in  a  sealed  tube  for  ten  minutes.  It  is  decomposed  by  oxide  of  silver,  forming  iodide 
of  silver,  and  an  unstable,  strongly  alkaline  solution,  which  when  heated  with  potash 
emits  a  suifocatina?  odour,  probably  arisim;  from,  methylamine.  The  ploHnum'ta/t^ 
9(C**H'N.HCl)PtCl*,  is  obtained  as  a  sparingly  soluble  salt,  by  decomposing  the 
aolutioB  of  the  hydriodate  with  nitrate  of  silver,  precipitating  the  excess  of  silver 
with  hydrochloric  acid,  and  adding  tetrachloride  of  platinum  to  the  filtrate. 

Ethtl-chiicolinb,  C"H»»N  -  N.H.C^».0'H».  (Gr.  Williams,  foe  eit.) 

Chinoline  treated  with  iodide  of  ethyl,  as  in  the  preparation  of  hydriodate  of 
methylchinoline,  yields,  after  distilling  off  the  excess  of  iodide  of  ethyt  czystals  of 
hydriodate  of  eth^lchinoline.  On  treatmg  these  crystals  with  oxide  of  silver  and  water 
{i£  this  is  done  in  the  water^bi^  a  volatile  product  e8ei^>e8  which  attacks  the  ey«(), 
and  filtering  off  the  iodide  of  silver,  a  colourless,  strongly  alkaline  solution  of  ethyl- 
ehinoline  is  obtained,  which  decomposes  on  evaporation  in  the  water-bath,  assuming  a 
carmine  colour,  and  on  the  edges  emerald-green,  afterwards  changing  to  a  beauti^ 
blue.  It  en>els  ammonia  from  sal-ammoniac  It  predpitates  chloride  of  mercury  and 
the  salts  of  lead,  iron,  and  copper. 

Hydriodate  of  Ethylchinoline,  C^H^'N.HI,  forms  cubes  when  recrystallised  from  al- 
cohol It  is  more  soluble  in  water  than  in  alcohol.  It  gives  by  analysis^  46*6  per  cent  C, 
4*4  H,  and  44*1 1,  the  formula  requiring  46*3  C,  4*9  H.  and  44-6  1 

At  100°  C,  it  becomes  transiently  blood-red.  It  is  decomposed  by  sulphate  of  silver, 
forming  iodide  of  silver,  and  a  liquid  which  is  colouriess  at  firvt,  but  on  evaporsHon 
over  tl^  water-bath,  assumes  a  carmine  colour,  dark  blue  at  the  edges,  and  mien  dry 
leaves  a  blackish-red  mass  having  a  eoppeiy  lustre.  The  mass  forms  with  water  a 
dark  carmine  solution,  which  is  coloured  scarlet  by  hydrochlorie  and  nitric  acids,  and 
rose-red  by  ammonia :  with  potash,  it  forms  a  violet  predpitate  which  is  but  sparinirly 
soluble  in  water,  but  dissolves  in  alcohol,  forming  a  carmine-red  solution.  Bichlonde 
of  platinum  produces  in  the  hydrochloric  add  solution  of  the  precipitate,  a  bulky, 
insoluble  double  salt,  of  a  higher  atomic  weight  than  the  platinum -salt  of  bydrochlora'te 
of  ethylehinoline. 

Mn^mum-mlt  of  Eihf/lchinoline.  2(C"H"N.HCl).Pta*.— Golden-yellow,  sparingly 
soluble  precipitate. 


iiMOi.111^   CH'Tf-  N^O'H".CH'  (Gr.  William^  loo.   ait.)— A. 

dunoline  uid  iodide  of  smyl  heated  in  ■  aealed  tabs  for  agTnnd  hcnm  to 
xxita  bcsDtifal  djitali  of  the  hTdriodsta,  C"H"M.HL  Ths  piatinum- 
"y.HCl).PtCl',  u  iparinglj  soloblo  in  mUx.  inaolnbla  in  etliar-sloohol. 
its  of  amjl-eliinoline  hnted  with  alkalii,  jielda  a  flns  bine  colour,  vhieh 
d  M  a  dve.  To  prepars  it,  1  pt.  by  weight  of  crnds  ehinoUae  la  to  be  boiled 
Dtea  vilh  1}  pta.  of  iodide  of  ainjL  The  mixture,  bom  being  >trav-colonred 
^rp  r«ddifh-broirii,  and  solidifica  on  cooling  to  a  mase  of  ciyatalg.  Thia 
the  reaction  is  to  b«  boiled  for  about  ten  minatea  with  6  pta.  of  water,  and, 
It«<1.  Sltsred  throngh  paper.  The  filtered  liquid  is  to  be  gently  bailed  in 
ed  iron  pan  over  a  smaU  Bre,  and  exceas  of  unmonia  ^adually  added. 
ioa  msj  be  prolonged  with  advantage  for  one  honr,  the  eTaporation  of  the 
g  eompenaated  for  by  the  gradual  addition  of  weak  aolntion  of  ammonia, 
J  the  admixtnie  of  equal  Tolumea  of  ammODia  of  the  denaity  of  O'BBO  and 
atsr.     The  hoar  having  eUpsed,  the  whole  ia  allowed  to  cool,  when  the 

almost  entirely  have  precipitated,  leaTicg  the  lupeniataDt  liquid  nearly 
"-  -  During  the  fluid  away  (preferably  through  a  Biter,  in  order  to  retain 
of^Emrlt'     ■'-'   -■"'^    -    -' — '   --•--•-■ -- 

idiij 

kept  for  ni 

lur  prepared  aa  above  ii  of  a  purplish  tint,  bnt  if  a  purer  blue  be  required 
ng  modifleation  ia  to  be  resorted  to.  The  filtered  aqueous  solution  of  hy- 
aB^l-«hinolinB,  is,  as  beCbre,  to  be  brought  to  the  bailing  temperatnre ;  bat 
•d£li^  ammonia,  a  eolation  of  cauitic  potash  containing  about  one-SfUi  of 
Df  Bobd  potash  ie  to  be  subatitnted.  The  addition  is  to  be  continued  at 
alii  three-fourths  as  maeh  potash  has  been  added  as  is  equivalent  to  the 
IS  iodide  of  amyl  used.  The  fluid  may,  after  a  qaartec  of  an  hour's  ebul- 
Mered  to  Bsparats  the  rfeinoiia  coionr.  The  piodnct  ii  a  gorgeooa  bine  with 
7  shade  of  red.  On  adding  the  othsr  fourth  of  potash  to  the  filtrate  while 
ins.  a  black  masa  will  be  precipitated  eontainins  aU  the  red,  which  otber- 
1  have  been  mixed  with  Uie  blue,  Thia  mass  diesolTea  readily  in  alcohol, 
rich  pnr^e  aobition  eODtaining,  howerer,  an  excess  of  red.  The  alcobotio 
I  flHistioD,  leaTSB  on  the  Biter  a  iaA  nam  aoluble  in  benzene,  and  as  some* 
ued,  afbrdinf  a  brilliant  emerald-green  solution  of  great  bean^.  It  ia  not 
f  to  obtain  t£i«  grem  eolmr. 

r  t^  ehinoline  prepared  from  dnehonine  that  yields  theseeolaaringiiiatteTu: 
ch  pointa  to  an  essential  dillbrence  between  Uiia  raoduct  and  the  isonmie 

among  the  prodnda  (^  the  diatillatJon  at  eooL  Cinehonine  diatiUed  with 
otaah,  yielcla  afaoat  65  per  oent  of  crude  diinoHne ;  and  all  the  distillate 
rectiflcatioa  (p.  889),  distits  abore  199^  or  209°  0.  (860°  or  40SO  F.),  up 
hest  range  of  the  mercurial  thermometer,  ia  suitable  for  the  prepanlttOD 
lor.  One  pt.  of  tliia  distillate  and  1}  pts.  iodide  of  amyl,  yield  S3  pis.  of 
oDtaining  i  per  osnt.  «f  soUd  eolooring  matter.  (Or.  Williams,  Cksncol 
.  p.  219.) 
e-Tiolet  and  chinoliae-blue  are  reainooa  subatancee,  which  pneent  a  coppery 

by  reflected  light,  but  when  in  vary  thin  layeni,  appear  ca  a  violet  or  blue 
a^uumitted  light.  They  are  bBses  end  diuolve  in  addi.  formioff  pale  red 
rbich  ammonia  restores  to  their  original  colours.  Thej  are  alighlly  aalnble 
or.     Tannin  precipitates  thent   froca  their  aqueous   soinlioiu,  apparenllj 

insolnble  oompmind.     Kedncing  agents  do  not  aSect  their  ahade  of  cotonr. 

rkin,  Chem.  Soc.  On.  J.  xiv.  216.) 

nmea  of  chinoline-blue  mixed  with  1  vol.  of  Hogenta  pink  (ftischineV  of  the 

length  fbund  in  commerce,  form  a  fine  purple  indinin^  to  bine  (Williams). 

nine  is  psased  thnragh  an  alcoholic  salntjon  of  cbinoline-blae.   a  green 

reduced,  which  ia  perhaps  the  green  spoken  of  by  Williams.    (Perkin.) 

iar&     Syn.  with  Quikohs. 

iZTB.    A  fluoride  of  aluminium  and  sodium,  Na'AlT*,  occuirina  at  Mia^ 

J.  in  inow-white,  translucent,  octubedral  erystala,  of  the  dimetne  system, 

ie  priucipal  is  to  the  sacooditry  axes  as  I-D77  :   1 ;  also  maasiTe,  granular 

cryolite,  with  crystalline  structure.  Specifle  gravity  272  (HeriDBnn); 
98  (R  am  m  els  berg).  Hardness  —  4.  Analysis  by  Hermann  (J.  pr. 
vit.  18H1,  gsre  2378  per  cenL  Na,  lS-69  Al,  the  formula  requiring  33't  and 
s  easily  before  the  blowpipe,  and  giv«sthere»ctioo  of  fluorine.  (D  a  n  a,  ii.  68.) 
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CHITIN, 


(fi!om  xt'T^*  a  tnnic).  (Odier,  Mim.  Soe.  d'Hist  Nat  de  Paris,  L  39. 
— LasBaigne,  J.  Chim. m^  ix.  379 ;  Compt.  rend,  xvi  1087. — ^Payen,  Compt  rend, 
xvii.  227. —  C.  Schmidt,  Zur  vergkichendm  Physiologie  der  wirbelioten  Il^tre^ 
1845,  p.  32;  and  Ann.  Ch.  Pharm.  Ut.  298.— Lehmann,  Jahreaber.  d^gea  Med. 
1844,  p.  7.— F rimy,  Ann.  Ch.  Phys.  [31  xliii  94 ;  Sc hloasbopger,  Ann.  Ch.  Phaim. 
xcviii  99.  — Stadeler,  ibid.  cxi.  21.— Gerh.  TVaiU,  iv.  535.— Pelonze  ct  FrAmy, 
TVaiti,  tL  93.) — The  name  given  by  Odier  to  the  organic  substance  which  fonus  the 
dytns  and  integuments  of  insects  and  the  carapaces  of  Crustacea.  It  may  be  obtained 
by  exhausting  the  wing-cases  of  cockchafers  successively  with  water,  idoohol,  ether, 
acetic  acid,  and  boiling  alkalis.  The  final  residue  retains  completely  the  form  of  the 
wing-cases.  Fr^my  prepares  chitin  by  tr^Uin^  the  tegumentaiy  skeleton  of  a  cros- 
taceous  animal  with  cold  dilute  hydro<mloric  acid,  to  remove  calcareous  salts ;  washing 
with  distilled  water ;  boiling  for  several  hours  with  solution  of  potash,  which  removes 
adhering  albuminous  substances,  and  has  no  action  upon  chitin ;  again  washing  with 
distilled  water ;  and  purifying  the  residue  with  alcohol  and  ether. 

Chitin  thus  prepiuied  is  solid,  transparent,  of  homy  aspect,  insoluble  in  water,  alco- 
hol, and  ether.  It  is  coloured  brown  b^  solution  of  iodine.  Alkalis  have  no  action 
upon  it  By  boiling  with  dilute  acids,  it  is  resolved  into  glucose  and  a  nitrogenoua 
compound.    (Stadeler.) 

When  chitin  (from  the  carapace  of  the  crab)  is  boiled  for  several  hours  with  dilute 
sulphuric  acid,  only  the  softer  membranes  are  attacked,  while  the  more  solid  integu- 
ments become  loose  and  soft,  and  form,  after  pressing  and  washing  with  water,  a  mass 
bavins  almost  the  consistence  of  starch.  Tne  acid  liquid  supersaturated  with  lime, 
and  tnen  neutralised  with  sulphuric  add,  yields  neither  ^rrosine  nor  leucine,  but  eon- 
tains  ammonia,  together  with  amorphous  sugar,  inasmuch  as  it  precipitates  cuprous 
oxide  abundantly  m>m  an  alkaline  solution  of  cupric  oxide  (StSdeler).  Berthelot 
(Ann.  Ch.  Phys.  [3]  Ivi  149)  likewise  obtained  sugar  from  chitin  ^prepared  from  the 
integuments  of  lobsters,  crabs,  and  cantharides,)  by  macerating  it  in  strong  sulpbane 
acid  till  it  was  dissolved,  dropping  the  solution  into  one  hunted  timet  its  volume  of 
boiling  water,  boiling  for  an  nour,  saturating  with  dudk,  &c 

The  above-mentioned  pasty  residue  is  coloured  brown-red  by  iodine^  like  unaltered 
chitin,  and  by  probn^^  boiung  with  sulphuric  acid,  yields  an  additional  quantity  ol 
sugar,  while  the  undissolved  portion  always  contains  nitrogen.  The  same  subetaiicc^ 
after  removal  of  the  acid,  forms  with  water  a  turbid  emulsion,  which  takes  a  long  tim& 
to  clarify,  and  dries  up  by  spontaneous  evaporation  to  a  soft  skin-like  membrane^  whiek 
exhibits,  with  iodine-water,  the  same  reactions  as  the  original  chitin.    (Stadeler.) 

The  composition  of  chitin  is  determined  by  the  following  analyses :  — 


Carbon. 
Hydrogen 
Nitrogen 
Oxygen 


Schmidt. 

Mean  of  U 

aaalysM. 

LehnMum. 

Schlostberfer. 

Scideler. 

(Memlaium 
C»H>»NO». 

46-64 

46-73 

46-64 

46-32 

46-35 

6*60 

6-59 

6-60 

6-B5 

6-44 

6-56 

6*49 

6-56 

614 

601 

40*20 

4019 

40-20 

40-89 

41-20 

100*00         100-00         10000         100-00 


100-00 


Frimy  found  in  chitin  43*35  carbon,  6-65  hydrogen  and  no  nitrogm^  whence  he  re- 
nrds  chitin  as  isomeric  with  cellulose  (44-4  C,  6-2  H,  and  49*4  0).  Gkrhardt  ngarded 
Frimy's  results  as  more  correct  than  those  of  the  German  chemists,  because  chitin 
yields  by  dry  distillation  only  acetic  acid  and  empyreumatic  oil,  without  any  ammonia, 
and  the  products  of  its  putrefieu:tion  under  water  are  different  from  those  of  most  nitro- 
genous substances.  But  tJie  analyses  above  given  exhibit  a  closeness  of  agreement 
which  could  scarcely  be  expected  if  the  substonces  operated  upon  had  bean  impure. 
(See  CsLLUiosB,  p.  818.) 

Stadeler  regards  chitin  as  a  glucoside,  C»H»*NO«,  which  is  resolved  by  boiling  with 
acids  into  glucose  and  laotamide  (or  alanine  or  sarcosine) : 

C»H'*NO«  +  2H»0  -  CW«0«  +  CH^NO*. 

If  this  decomposition  really  takes  place,  lactic  acid  should  likewise  be  obtained  as 
a  product  of  the  transformation  of  the  lactamide  or  alanine ;  but  the  prvsence  ol 
lactic  add  among  the  products  has  not  yet  been  demonstrated.  Stadeler  also  suggests 
that  chitin  (at  least  in  Crustacea)  may  be  formed  by  the  union  of  lactate  of  ammonium 
with  gum,  and  elimination  of  water : 

[C*H*0».H.NH<  +  C^»«0»  «  C»H>»NO«  +  2HK)], 
Acid  UcUm  of  Gum.  Chitiii. 

ammooium 

masBiuch  as  he  has  found  gum  in  the  juices  of  crabs  and  other  emstacf«>  and  the  pre- 


CHIVIATITE  — CHLOKACEHO  ACIDS. 

Uctie  acid  in  tha  gutrio  juice  of  the  lower  iipj'putT  i*  1^  no  meuu 

'X&^Z^K    A  nilphide  of  lead  and  bLamntJi,  alio  containiiig  copper,  1 

in  Pern,  when  it  ocenn,  with  pjritM  and  besTr  ipar,  in  fotiated  mai 
I  in  thrw  directioD*  in  one  Mne,  one  ■"■Hug  an  an^e  with  tha  accoud  of  1 

the  third  of  133°.  Spedfle  graii^  6930;  eoknir  laad-g^;  Inatre  mata 
gto  Rammetiberg'i  analfaiarPogg.  Ann.  liiiTiit.32(l)it  containa  IB-d 

19-73  Pb,  2-12  Co,  1-02  Fe,  wiU)  trace  of  aitTer,  ud  0-S9  inaolable  nu 

),  whence  the  fonnaU-2(Pb^Ca'>S.Bi9.    (Dana,  iL  77.) 

UnRT&    See  Hkisobitib. 

tAMTMITX.    NatJTB  aracniile  of  nickel  containing  cobalt,  also  called  w 

(gee  SietM.).     

IS.    Syn.  with  TnicHunxcRAMnn  (p.  fl). 

Sfn.  with  T«nucKLOB*a«Tju(iDB  (p.  S). 
CTTUcma  (p.  6). 

kKJLOXFXC  &CZIM.  Two  of  theae  eomponiida  an  known,  Tii.  rnono- 
iwtic  K^ids,  both  being  prodaced  bj  the  action  of  chlorine  gu  on  gUeialac 
nr  the  influsncfl  of  light,  the  fonncr  when  the  add  ii  in  rxctaa,  the  la 
'  chlorins  and  the  acetic  acid  are  brouht  togathei'  in  the  exiiet  propoit 

for  it>  formation.  The  trichlorinated  acid  i>  likowiae  prodnced  in  aev 
etionv  iNehloracetie  acid  hia  not  jet  been  obtained,  at  leaat  in  definite  foi 
•eUoTMvUa  AeM,  ariimtdj  ouanu>«tla  AMd.  CE'CIO-CHH 
I.  Hoffmann,  Ann.  Cb.  Pharrn.  dL  \.) — Dnmaa  had  obaarred  that,  in 
on  of  briehloracetic  add  bj  the  action  at  chlorine  on  acetic  add  in  aonah 
nbAitation-pTDdnct  ii  alwija  obtained,  upeciallj  if  the  acetic  add  i^  in 
he  form  of  an  anDfyitallinbla  add,  which  boweTer  he  did  not  mceeed  in 
I  the  aeparste  at<te.  F.  Leblanc  afterwards  obtained  tbia  add,  the  monocb 
1,  in  the  form  of  a  colonrleas  liquid,  bj  paaaiiig  chlorine  throogh  gladal  ac 
lie  ihade  ;  hii  prodnct  however  wb<  not  quite  pore.  Uore  recenUj  Hoffin 
-n  that  the  chief  product  of  die  actioa  of  chlorine  on  excns  of  acetic  acii 
,  ia  monochloracetic  add,  and  that  thia  add,  when  pure,  ia  aolid  and  C171 
rdinarf  temperatures. 

•ation. — 1.  A  tabnlat«d  retort  of  abont  1  litre  o^iad^  and  containing  f 
iind  to  a  pound  of  gladal  acetic  add,  is  placed  in  a  bath  containing  a  aatun 

"    ' *  -" —  (boilins  at  120°  C),  and  diy  eUorine  gat  is  passed  : 


>  that  the  gas  maj  Bux  immediately  with  the  Taponr  of  the  add.  The  r 
tort  having  a  wide  ^aas  tnbe  attached  to  il^  is  directed  upwards,  so  that 
id  which  enporatea  undeoomposed  maj^  be  condensed  and  flow  bock  ag 
1  hydrochloric  add  and  arwa  of  chlorine  escape.  Hie  whole  apparatn 
.  the  sonsbine,  and  the  erolntion  of  chlorine  is  so  regnlated  that  the  apper  1 
tort  always  appears  coloured  by  it     The  stranger  Uie  light,  the  more  rapi 

ItioD  of  cblonne ;  bat  the  HCtion  takM  pbice,  thongh  slowly,  pven  nndi 
y.  A  very  slow  sobetitutioQ  of  chlorine  for  hydrogen  likewise  takes  plae 
and  at  ordinair  temperatures.  As  tbp  formatjon  of  chtoracetic  acid  goel 
□  alackons,  so  that  it  is  best,  after  about  fifteen  boon'  entoanre  to  lunuiini 
long  to  diffbicd  daylight,  to  expel  the  eimss  of  chlorine  from  the  appamtni 
jf  dry  sir,  and  rectilj  the  product  in  a  sraaUer  retort.  The  portion  which 
r  130°  C.  consists  almost  wholly  of  unaltered  acetic  add,  and  may  be  usee 
lent  preparation.  That  which  passes  over  between  130°  and  190°  is  easily 
by  repeated  rectification,  into  acetic  and  a  thick  liquid  which  boils  betfli 
.  187°.  and  either  solidfiei  immediiilely  into  a  mass  of  white  needle-sba 
or  yields  after  some  time,  large,  isolated,  transpsrent,  cobmrlesa  rhon 
hile  the  greater  portion  remains  liquid,  but  if  shaken  up  or  stirred  wit 
,  BoUdifiee  suddenly  and  with  comriderable  rise  of  temperature,  the  crys 
y  formed  becoming  opaque  and  white  like  porcelain.  The  crystalline  m 
ilta  between  4fi°  and  47°,  consisle  of  nearly  purr  monochloracetic  acid,  mi 
with  a  certain  quantity  of  liquid,  which  may  be  remared  by  decantaliou 
esure,  and  used,  together  with  tha  portion  of  the  originid  liquid  which  disti 
0°,  in  a  subsequent  preparation.  The  expressed  crystals  are  placed  on  bi 
ir  and  completely  dried  m  vacuo  over  oil  of  vitriol  and  a  fewtumpa  of  hydi 
inm.  and  then  redistilled,  the  flnt  and  last  portions  of  the  distillate  being 
lis  they  are  very  deliquescent,  they  should  be  kept  u  much  se  possible  f 
(Hoffmann.) 

fltsl  distillation  and  in  the  subsequent  rectificHtions,  there  ia  ohtainn!  a  st 
of  a  liquid  which  boils  above  190°,  and  appears  to  contain  an  acetic  acid  1 
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CHLOEACETIC  ACIDS. 


moN  than  1  at  hydrogen  veplaeed  by  chlorine.  It  yielded  in  different  ezpertmetiQi 
&om  48  to  50  per  cent,  of  chlorine,  which  does  not  agree  with  the  formola  either  of 
dichloracetie  (requiring  65*04)  or  of  trichloracetic  acid  (requiring^  65*13  per  cent  of 
chlorine).  In  one  experiment  thia  liquid,  on  being  saturated  with  baTjta,  yielded, 
besides  monochloraoetate  of  buium,  a  small  quantity  of  small,  opaque,  wuty  crystals, 
the  composition  of  which  seemed  to  show  tnat  they  contained  a  ni^her  cLlonnatad 
add ;  but  in  no  instance,  eren  when  the  purest  czystallised  acetic  aad  was  used  and 
the  absorption  took  place  in  the  brightest  sunshine,  was  any  definite  dichloracetie  ov 
trichloracetic  obtained,  the  chief  product  being  inTariably  monochloracetie  acid. 
ITeither  was  any  oxalic  acid  formed,  as  in  Dumas'  preparation  of  trichloracetie  add 
(PL  877).    (Hoffmann.) 

2.  Monochloracetie  aad  is  also  obtained  in  a  state  of  poritj  by  the  action  of  water 
on  monochlorinated  chloride  of  acetyl.  On  distilling  the  liquid,  the  thermometer  rises 
from  100^  to  180^,  and  the  liquid  Fhich  passes  orer  at  that  temperature  solidifies  in 
a  crystalline  mass  on  cooling.    (Wurtz.) 

Properties. — The  add  crystallises  from  fusion  in  rhombic  tables,  having  acute  angles 
of  77^  or  78^;  from  solution  in  acetic  add — e.ff.  from  the  liquids  obtained  in  the 
first  distillation  between  180^  and  186®,  and  between  186®  and  190<>~in  oystals  bar- 
ing a  prismatic  character,  and  very  much  resembling  those  of  trichloracetic  add.  Melt- 
ing point  62^.  It  contracts  strongly  in  solidi^in^,  and  generally  giyes  off  numerous 
air-bubbles.  The  specific  gravity  of  the  melted  acid  at  73^,  is  1*366  as  compared  with 
water  at  19^,  and  1*3947  compared  with  water  at  73^.  Boiling  point  from  185^  to 
187*8°.  It  distils  undeoompoeed,  and  when  pure  solidifies  in  the  neck  of  the  retort; 
but  if  mixed  with  acetic  ado,  remains  liquid  below  its  ordinary  point  of  solidification. 
When  kept  for  some  time  at  a  temperature  near  its  melting  point  it  sublimes  in  long 
spicular  crystaU.  It  is  nearly  inodorous  at  ordinary  temperatures,  but  its  yi^iour  has 
a  pungent  sufib(»ting  odour.  It  has  a  strong  add  taste,  attacks  the  cutide,  and  raises 
blisters  if  kept  on  it  for  some  time.  It  deliquesces  in  the  air,  and  dissolves  very  eaaij 
in  water,  producing  considerable  frdl  of  temperature. 

Decompositions. — 1.  The  add  is  decomposed  hy  petUaektoride  of  phosphorus,  with 
formation  of  oxychloride  of  phosphorus  and  monocniorinated  chloride  of  aoet^^l,  Imt  the 
two  chlorides  cannot  be  separated  by  distillation,  as  they  both  boil  at  about  110°. 
When  the  product  was  repeatedly  distilled  with  small  portions  of  add  chloracetate  of 
potasdum,  the  reddues  of  the  last  distillations  yiddea  at  high  temperatures  a  largo 
proportion  of  chloracetic  add,  the  last  portions  of  which  boiled  as  high  as  200°,  and 
had  a  more  penetrating  odour,  probably  arising  fixmi  the  presence  of  a  small  quantity 
of  the  anhydrous  add. — 2.  The  add  heated  with  potash-ley,  ammonia,  barytoFwaUr^ 
or  lifne-water,  immediately  yidds  a  chloride  of  the  alkali-metal  and  glyoollio  add. 
(Eekul6.) 

C«H«C1M0«  +  HH)  -  Ma  +  C«HW. 


8.  Chloracetic  add  is  reduced  by  potassium-amalgam  or  sodium>-amatgii^  to 
add,  in  the  same  manner  as  trichloracetic  add ;  the  decompodtion  is  however  Ineom* 
pk^te,  and  is  attended  with  evolution  of  hydrogen.    (Hoffmann.) 

The  Chlgbaobtatxs,  CH*C1M0*,  are  obtained  by  digesting  the  oxides  or  carbo- 
nates in  the  aqueous  add:  they  are  for  the  most  part  easily  soluble  and  crystallisable. 

Chloracetate  0/  Ammonium  decomposes  by  evaporation  like  the  potasdum-salt 
It  is  more  soluble  than  that  salt  uid  solidifies  only  from  a  perfectly  visdd  solution,  in 
the  form  of  a  crystalline  cake,  which  deliquesces  on  exposure  to  the  air. 

Chloracetate  of  Barium.  C<H«Cl«Ba''0*  +  2H*0.— Mav  be  obUined,  oven  with 
vary  small  quantities  of  material,  in  diRtinct  prismatic  crystals,  apparently  belonging 
to  the  trimetric  system,  and  containing  39*99  per  cent  barium  (by  calculation  40*06). 
Decomposes  but  httle  during  evaporation,  and  separates  out  almost  completely  on  cool* 
ing  from  a  hot  saturated  solution.    (Hoffmann.) 

Chloracetate  of  Potassium,    a.  Neutral.     2C*H'C1E()'  +  8HK) Obtained 

by  saturating  the  add  with  carbonate  of  potassium  and  evaporating  to  a  syrup  in  vacuo 
over  oil  of  vitrioL  It  then  separates  in  thin  colourless  laminae,  which  may  be  obtained 
pure  by  draining  on  bibulous  paper.  It  is  not  deliquescent  and  does  not  give  up  its 
water  of  crystalfisation  at  100°  C.,  but  is  decomposed  at  a  higher  temperature,  yidding 
chloride  of  potassium,  glycollic  add,  and  a  small  quantity  of  gfycolide,  C*HK)'. 
^Kekul^  Ann.  Ch.  Pharm.  cv.  288): 

(?H«C1K0«  «  Xa  +  C«HK)». 

It  is  also  decomposed  when  its  solution  is  evaporated  at  a  gentle  heat    It  is  very  so- 
luble in  water.    After  drying  in  vacuo,  it  yidded  24*63  per  cent*  potassium  (by  ealeu- 
lutioD,  24*55). 
k  Acid.    C^*ClK0'.C^*C10*.^When  a  solution  of  the  neutral  salt  is  mixed  with 
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dd  u  it  alnodj  Mmlainl,  the  whole  lolidiflca  to  ■  tliick  pulp  of  imall  white 
lUb,  vbicli  jBij  bt  purMed  bj  dnining  on  bibolona  paper  or  bj  dryiiig  oVer 
ioL    Sparingly  loluble  in  water. 

letlatt  of  aUvr.  CHK^AgO'.— A  hot  solntion  of  the  add  utnnited  with 
ilver,  jrielda  the  ult  on  cooling  in  ^mdid  riiranbindtd,  iridescent  UminB 
— Anindrana.  SiaMlvea  apuiDgl;  in  eold,  more  readily  in  hot  watCT,  ud  is 
lined  b;  eooling.  in  nnaU  nicreou  scales,  which  bla^en  on  exposnie  to 
yield  cmorideMsilTer.  BetweenllO- andlSO^C.it  deeompoaeswitli  a  kind 
ion,  emittiDg  the  same  odonr  as  the  add  when  it  eraporstaa,  and  leaving 
f  aUver,  mixed  with  a  vaj  tmall  qnantity  of  mstallic  silTsr. 


pffo  +  cHKaK)  -  cwao*  +  hcl 

a,  which  ii  tsit  Tiolen^  mnit  be  moderated  by  eooling  tba  ressel  extenuUy, 
)□  ai  it  i>  finiihed,  the  product  nay  be  vaahed  with  watet,  dehydrated  bj 
f  caldiuQ  and  rectified. 


it  Iiqni£ 


Boils  at  143°'S  C.  when  the  baiometv  stands  at  768°  mm. 
..  .ity  ite. 

her  bnms  with  a  bdgbt  fiamP,  green  ti  the  edge*.  It  is  deoomposed  bj 
lo  alcohol  and  chloracetic  acid,  which  then  inffen  Airtber  deoranpontjou, 
3iIorida  and  acetate  of  potuisinm. 

loimeetto  AcM.  C^Cl'O'  -  C*CI>O.H.O.  (Dumaa,  1.  Chim.  mid.  tL 
I  Ann.  Ch.  Fharm.  inii.  101;  Ann.  Ch.  Phyi.  Ixiiii.  76;  UeUens,  Ann. 
I3]i.233;MaUguti.  Anii.Cb.PhyB.mzTi.  10;  Eolbe,  Ann.Ch.FhartD. 
6m.  ii.  209;  Osrh.  i.  7ie.>— This  add  was  disoorered  by  Dnnus  in  18S*. 
need :  1.  By  the  uction  of  6  uL  dry  chlorine  gas  on  1  at,  gbieial  acetic  add  in 
^Dumas): 

(?H*o'  +  ea  -  cm.cify  +  3hcl 

oxidation  of  solnble  chloral  by  a  mixture  of  hydroahknio  add  and  ehlonte 
nm,  ftnd  of  eblonl  either  solaUe  or  insolnble,  by  faming  nibic  add(Kolbe): 

PHa-o  +  0  -  csciiy. 

I  action  of  chlorine  gas  ia  siuuhine  on  diehloride  of  carbon  eorand  with  ft 
rater  (Eolbe): 

CO'  +  2HK)  +  Q'  -  (?HC1'0«  +  3HCI; 
lie  (7C1'  ia  at  the  aame  time  conTetted  into  CK3*. — I,  In  the  daeompoaition 
Le  of  trichlorace^l  (chloraldehyde)  by  water  (UaUgDti): 

CKa-O  +  HK)  _  CTHCl'C  +  Ha 
I  deMUposition  of  perchloriDaled  fbimie  ether  by  water  (Cloet,  Ann.  Ch. 
I  zTiL  300) : 

CT^l-O*  +  2H*0  =  CmOHy  +  CO'  +  3HCL 
aiixM. — 1.  When  glacial  acetic  add  is  exposed  to  the  snn  in  bottles  of  5  or  6 
acitT  (in  tlie  proportiaii  of  0'8  or  09  grms.  of  the  add  to  1  litre  of  chlorine) 
if  Cnehloracetic  acid  make  their  appeuance  in  abant  ■  day,  together  with  a 
mtity  of  oxalic  add.    On  tuning  ike  bottles,  a  mixture  of  hyi^ochloric  add 

a  small  qOHHtity  of  carbonic  add  and  a  BuSbcating  vapour,  escapes  with  force. 
lee  rve  then  left  open  for  some  houn,  till  the  gaseoui  mixture  is  completely  ex- 
ad  washed  out  with  a  small  ijnantity  of  water,  whereby  a  concentrated  eolulion 
iracetie  add  is  obtained,  mixed,  howerer.  with  byclrochlorio  atiii,  ondecom- 
^tic  add,  and  oxalic  add.    When  this  solution  U  evaporated  in  vacuo  over  oil 

and  hydrate  of  potassium,  water,  hydrochloric  ad<£  and  part  of  the  acetic 
pe,  and  the  solution  then  yleldi  cryslals,  Bret;  of  oxalic,  afterwards  of  tridilor- 
id.  The  mother-liquor  distillrd  with  phosphoric  anhydride,  which  decomposes 
c  acid,  yieldk  a  diatiQate  of  acetic  add,  and  then,  on  chan^ng  the  receiTer,  of 
cetic  add,  which  soon  Bolidifiea  to  a  ci^etalline  mass.  Laatly,  the  cryatals 
for  some  boura  in  vacno  on  several  ahecta  of  white  blotting  paper,  so  that  the 

acetic  add  may  Boak  into  the  paper.     (Dumaa.) 

oloblr.  chloral  IS  treated  with  fuming  nitric  acid,  and  the  action,  which  ia  at 
nded  with  evolution  of  heat  and  abundaut  evolution  of  red  fumes,  is  afterwards 
by  tho  application  of  a  geutle  heat,  till  the  flakes  of  inaohible  chloral  have  com- 
lisappeared ;  the  greater  part  of  the  excess  of  nitHe  add  is  then  distilled  off; 
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iind  the  remaining  portion  is  left  to  evaporate  in  yacuo  oyer  oil  of  ritriol  and  hjdrata 
of  potassium.  CiystaUiaed  trichloracetic  add  then  remaina,  firee  from  nitric^  acetic, 
and  oxalic  add,  but  generally  retaining  traces  of  chloraL    (K  ol  b  e.) 

3.  When  dichlori£  of  carbon,  CH>1\  is  placed  in  a  bottle  filled  with  eblorine  gas, 
ooyered  with  a  film  of  water,  and  exposed  to  the  sun,  there  is  formed,  bcaides  C*C1', 
an  aqueous  solution  of  trichloracetic  add,  which  ma^  be  obtained  in  the  crjftalliDe 
state  by  eyaporation  in  yacuo  oyer  oil  of  yitriol  and  lime.    (Kolbe.) 

4.  Cnlorafdehjde  is  dissolved  in  water;  and  the  solution  containing  hydrochlorie  add 
is  evaporated  in  vacuo  over  oil  of  vitriol  and  hydrate  of  potassium,  whereby  trichlor- 
aoetie  add  is  obtained  in  beautiful  crystala.     (Malaguti) 

Properties. — Trichloracetic  add  forms  colourless  rhombohedrons.  It  melts  above 
40^  C,  and  in  cooling  begins  to  solidify  at  46° ;  if  the  mass  be  then  shaken,  the  tem> 
perature  rises  to  46°,  which  is  therefore  the  mdting  point  In  the  fused  state,  it  haa 
a  density  of  1*617  at  46°,  that  of  water  at  16°  beu^  1000.  Boils  between  195°  and 
200°  without  any  decomposition,  and  sublimes  in  the  form  of  a  silvery  crust  Vapour- 
density  'm  6*3,  by  calculation  5*637,  the  difference  arising  tnm  partial  decomooeition. 
The  add  has  a  faint  odour  at  ordinary  temperatures,  but  when  heated  till  it  voiatilisee, 
it  emits  a  pungent  and  sufibcating  odour.  It  has  a  caustic,  sour  taate,  and  makes  the 
tongue  white,  like  peroxide  of  hydrogen.  It  deetro3rs  the  entide,  causing  it  to  peel  off 
on  the  following  day,  and  if  left  for  some  time  on  the  akin,  produces  blistOTs.  It 
reddens  litmus  strongly,  but  does  not  bleach  it,  even  after  a  eonsidemble  time.  It 
deliquesces  in  the  air  and  diasolves  readily  in  water.    (Bum  a  a.) 

IkoompasUiona, —  1.  When  the  add  is  heated  with  itnmg  iulphurie  aeid,  part  of  it 
distils  over  unchanged,  and  crystallises  in  rhombohedrons ;  the  rest  is  resMved  into 
hydrochloric  add,  carbonic  anhydride,  and  carbonic  oxide  (D  umas).  [Perhaps  in  this 
manner:  (?Ha»0*  +  HK)  «  3Ha  +  CO  +  CO*].— 2.  When  it  ia  heated  with 
excess  of  pota»k-9olution^  ebullition  takes  place,  continuing  after  the  yesael  has  been 
removed  from  the  fire ;  the  first  products  of  the  action  aro  chloroform  and  carbonate 
of  potassium ;  but  on  further  boiling  with'the  alkaline  liquid,  the  ohlorolbrm  ia  resolved 
into  formate  and  chloride  of  potassium.    (D umas.)  — First : 

C«Ha«0«  +    KK)  -  CHCl*    +  K*CO« 
then :  CHa>       +  2KK)  =  CHKO«  +  8KCL 

When  the  add  is  boiled  with  baryta-water,  carbonate  of  barium  is  predpitated  and 
chloroform  evolved  (Dumas). — 3.  The  add  boiled  with  excess  of  oimnontia,  is  re- 
aolyed  into  carbonate  of  ammonium,  which  sublimes,  and  chloroform,  whidi  sinks  down 
as  an  oil  (Dumas) : 

0«Ha*0«  +  (NH*)«0  «  (NH«)«.CO«  +  CHa*. 

4.  Aqueous  trichloracetic  add,  or  dther  of  its  salts  dissdved  in  water,  is  decomposed 
hj  potasnumramalgam  (1  pt  potasdum  to  150  pts.  mercury)  with  evolutioii  of  heat, 
and  reconverted  into  acetate  of  potassium  (M  els  ens).  If  the  ■Tnalgaw^  is  not  in 
excess  in  proportion  to  the  add,  no  hydrogen  is  evolved.  Antimonide  of  potassium, 
or  potassium  alone,  or  zinc  with  sulphuric  acid,  does  not  effect  the  transformation, 
but  causes  an  evolution  of  hydrogen  gas  (Melsens). — If  instead  of  6  at  potassium, 
only  3  at  be  used  in  the  form  of  potasdum-amalgam,  no  acetic  add  is  produeed,  but 
apparently  an  add  containing  a  smaller  quantit)^  of  chlorine  than  trichloracetie  add. 
5.  Zinc  cUssolyes  in  aqueous  trichloracetic  add,  and  forms,  besides  chloride  of  sine, 
a  zinc-salt  which  appears  to  contain  dichloracetic  add  C'Cl'HK)'.  Trichloracetic 
add  is  also  reduced  to  acetic  add  in  the  galvanic  circuit  of  a  two-pair  Bnnsen's  zinc- 
carbon  battery,  with  electrodes  of  amalgiuoiated  zinc    (Kolbe.) 

Trichlobacbtatbs. — Trichloracetic  acid  is  monobasic,  like  acetic  add,  tha 
formula  of  its  sslts  being  CMCl'O*. 

Trichloracetaie  of  Ammonium,  C^NH*)C1"0«  +  2IP0.— -The  aqueous  add 
saturated  with  ammonia,  and  evi^rated  at  ordinary  temperatures,  either  in  vacuo 
or  in  the  air,  yields  crystals  (Dumas).  The  salt  is  likewise  produced  when  trichlor- 
acetamide  is  brought  in  contact  with  aqueous  ammonia  or  very  dilute  nitric  add 
(Malaguti,  Cloez).  It  crystallises  in  beautiful  prisms  (containing  2 at  water,  melts 
at  80° ;  boils  between  110°  and  115°  C,  giving  off  vapours  of  chloroform  and  acid  car- 
bonate of  ammonium,  the  latter  appearing  in  peculiar  abundance  at  145° ;  and  solidifies 
at  160°  in  yellowish,  micaceous  scales  of  anhydrous  trichloracetate  of  ammonium, 
which  are  tasteless,  dissolve  readily  in  water,  and  give  off  ammonia  when  treated  with 
potash,  even  in  the  cold.  At  a  higher  temperature,  these  scales  fuse,  and  are  resolved 
into  carbonic  oxide,  phosgene,  and  sal-ammoniac  vapour.  (Malaguti) 
Decomposition  of  the  crystallised  salt: 

C«(NH*)C1«0«  +  2HK)  =  CHC1»  +  NmH.OO"  +  HK). 
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Dadon  of  the  uihTdroiu  nit : 

(^(NH')^^)'  -  CO  +  CCPO  +  HH'CL 

aracttait  of  Potatiium.    2CVC1'0'  +  WO The  iqaeou  add  dn- 

th  cerbomte  of  potaasiiiiii  jiald*  bj  ■pontaneoiu  pTipontioii,  eilkj  Decdlo, 
impoee  with  »  land  of  detoiutioii  when  gentJj  hnl«d,  ind  ahiorb  onlj  a 
iti^  <j  water  «h«i  lopoMd  to  damp  air.     (Dninta.) 
\rium  and  Calcium  lait*  ara  nentnl  and  disaolTi  yeij  readilj  in  water. 

oraettaUufBilvtT.  C*AgCl*0*.—Kec«iit]j7  precipitated  oxide  of  rilTu 
in  the  aqneoua  acid  ia  eouTcrted  into  graj  laminie  which  diaiolTe  in  a  luger 
f  water,  and  CTystallise  therefrom  bj  eTsporallon  in  vacuo  orer  oil  of  ntriol 
dark,  in  crjataUine  grannlea  aod  luminal,  Ths  juit  ia  tqtt  readily  decom- 
ight  When  heated  on  a  aheet  of  paper,  it  detonatra  TJoIentlj,  giving  off. 
odour  as  bichloracetie  add  when  it  eraporatea.  and  leavea  *egetationa  of 
idfl  of  ailver.  If  it  be  moiitened  with  alcohol  aad  the  alcohol  aet  on  tit,  it 
a  more  qoietlj,  and  without  proJFCtion.     (Dnmaa.) 

oraeetate  of  Ethyl.      Triehloracelie   Etitr.      (7C1'0'.(?H',  —  Obtained 
liatilling  trichloracetic  acid  with  alcohol  and  a  amall  qoanli^  of  ■olphnrio 
naa),  or  bj  gradaallj  adding  chloToldehjde  to  alcohoL    (Halagnti.) 
(TCl'O  +  CH'O  -  (?C1'0".(?H*  +  HCL 

Chlonl- 

dnct  obtained  hj  either  of  thi«  proceasea  ia  precipitated  bj  water,  wuhrd 
r,  and  diiad  orer  chloride  of  calciom.    It  i>  a  cofonrleaa  oil,  amplluig  like 
t    Spedflc  gravity  1'3(I7.    Boiling  point  164°.    Tapour^nii^  6-S4. 
I  fottuk  deeompoan  it,  fornilng  alcohol  and  trichloracetate  of  potaasinin  : 
(?CI"0'.CTI'  *  KHO  -  CHH)  +  ITCI-KO". 


icbon  of  chicmne  in  dajlif  ht,  and  in  direct  annahuie,  it  Tielda  th» 
cetate  of  ethvl  (p.  22).     It  ia  isomeric  with  the  componnd  obtained 

'-^--  ■'— ugb  djch' — '--  -"- ■-^-"' ' ■  "- 


th» 

;  dry  chtoriae  througti  ^chloracetic  cthrr  contained  in  a  Teasel,  the  nM>er 
hich  ia  protected  nom  the  light.  The  two  componnda  an  diatingniahed 
other  bj  their  behanonr  with  potaah,  the  Utter  yielding,  not  trichloracetate 
im,  bat  chloride  of  potaaainm.  drliqneacent  chlonnated  potaaaiam-aalta,  and 
ly  liquid  no  longer  decompoeible  by  potash.  (Leblanc) 
her  chlorinated  compouniis  produced  by  the  action  of  chlorine  on  acetate  of 
be  regarded  aa  compoonda  of  trichloracetic  add  with  ethyl  in  which  the  by- 
more  or  leas  replaced  by  chlorine:  Ihna  tetrachloracetic  ether  ITH'Q'O' 
<.CH*Cll  perehloracetio  ether,  CCl'O*  -  (?C1*0'.<X1>.  All  thos  eom- 
ideed,  when  treatsd  with  potaah,  yield  trichloracetate  of  potaMinm,  t,g.  i 

CT3'0'  +  SHHO  .  2CT:1'K0'  *  2HCL 
iCRt  however  appear  to  be  auaceptible  of  iaomerie  modiflcationa. 
oraettatt  of  Mtthyl.  (Xa'O'.CH'.— Obtained  by  procesnes  exactly 
those  which  yield  the  ethyl-oompound,  viz.  by  distilling  the  add  with  wood- 
aulphnric  ncid.  or  by  the  action  of  wood-apirit  on  ehloialdehyde.  It  ia  a 
oil  hesTier  than  water,  and  amalling  like  peppeimint  It  is  isomeric  with 
nnd  CHKJIK)',  obtained  by  the  action  of  clilonne  on  aceUte  of  methyl  The 
innds  are  not  however  identical ;  for  the  former  is  converted  by  potash  into 
«hol  and  trichloracetate  of  potassium  (together  with  formate  and  chloride 
im  reaulting  iiam  the  further  action  of  the  potash,  p.  i6) ;  the  latter  when 
th  potash  yields  chloride  iind  formate  of  potassinm,  together  with  cblorome- 
BCl     (Laurent,  see  p.  23.) 

■acelale  of  methyl  exposed  to  the  action  of  chlorine  in  innshine,  ii  conTcrted 
itoromethylic  acetate,  CH^'O',  a  compound  also  prodneed  by  the  continntd 
Morine  ou  acetate  of  methyL 

See  AciTONB  (p.  2S). 

(p.  88). 

KAOBTTX.  CH'CIO.—TbeisdicleofcUoraceticai^dilaraeetBinidcftc. 
•acetyl,  CCl'O,  ia  the  ndide  of  bichloraeetic  add,  Irichloracetamide,  chloral, 
lyde,  chloralide,  fte. 

RAOanVKZSm    TWcUonuwniojpAub.  PkoapMdt  of  T^Uoraetlyt  aitd 

OWCITO  -  P.IP.CKJl'O.— This  componnil,  the  analogue  of  InchloF- 

.  ii  produced  by  the  action  of  chloride  of  trichloracetyl  on  phoiphoiettad 

(?CPO.a  +  PH'  -  HCl  +  P.HM^Cl'O. 


BO,  tof^tber  with  oxychloride  cf  carbon,  when  pk 
aatad  peichlorofiinnie  ether : 

OKn*0'  +  PH'  -  p.H'.txa'o 

It  foim*  bdmII,  while,  raystslUne  ■<»]«,  hkiisg  i 
lata.  It  ii  peimiineiit  in  the  lir  at  ordinu;  t 
uted,  lekTing  a  cacboDBCeoiu  reaidna  coDtsiiiiiig 
'aler ;  slighU;  lolnble  in  alcohol,  etli«r,  and  wood' 
Tii.  SOS.) 

OX&omAK.  Hydridi  of  TricUoraeetj/l.  CB 
iieoTered  by  Ltebig  in  1832  (Ann.  Ch.  Pham 
lamas  (Ajm.  Ch.  Pbya.  [2]  ItL  133)  and  Stadel 
I  tha  nltimate  prodnct  of  tn«  aetion  of  chlorine  up 
CWO  +  CI*  »  I?HC1'C 

Probably  the  alcohol  ia  first  coaTBited  into  aidel 
bia  componnd  311  aie  afterwarda  replaced  In  3' 
averer.  be  obtained  by  the  direct  action  of  ehloc 
rodnced  in  tha  first  instance,  bat  ii  quickly  ooan 
roductioD  of  chloral  from  alcohol,  it  is  abaolately 
Foni ;  if  water  is  present,  aldehyde,  acetal,  ac«t^ 
nets  are  formed  instead  of  chloral ;  thrae  prodnd 
'hen  the  preparation  ia  made  with  absolute  alcoh 
^Aioiitit,  p.  74).     Chloral  ia  alao  produced  by  t 


n  aloohol.    Pure  and  irj  i 
leok^  contained  in  ■  tnbnlated  ntort  haying  it 


tobe  bent,  a 
tionbaingS 
inclination, 
lower  part,  n 
of  eonsideiB 
hlorine  ii  beat  enlyed  teem  a  mixture  of  commo 
llplinric  acid  (which  girea  it  off  mora  regularly  thu 
;  moat  be  paaaed  Bnt  tbrovgh  »  waah'bottle  contj 
huric  acid  or  oret  chloride  of  calcium,  to  diy  it. 
'ith  hydrochloric  add  gas  and  rwoni  of  hyibocb 
f  oolfc'a  bottles,  and  thence  into  the  open  aii,  so  tb 
y  it.  At  the  commeneemeDt  oF  the  operation,  the 
rater,  to  prevent  it  from  taking  fire  and  deposil 
bsorptioa  of  the  chlorine  diminiabes,  and  the  Jiqu 
e  gradually  heated,  and  at  laat  nearly  to  the  boiL 
Bquire  tbc  passage  of  a  rapid  stream  of  chlorine 
iTolring  a  consumption  of  about  1200  litrea  of  ( 
Dntinoally  thicker,  aniuires  a  higher  boiling  pi^ 
eavy  Sjrrup,  which,  after  standing  for  some  days,  i 
ryatalline  mass,  consisting  of  hydrate  of  chloral 
ydrochloric  acid  and  undecomposed  alcohol :  Cm- 
I  the  liquid,  after  being  agitat«d  with  four  lim 
st  aside,  does  not  in  a  few  hours  form  a  solid  stra 
il  of  Titriol,  the  passage  of  the  chlorine  mast  t 
'he  solidified  oystalline  mass  is  heated  till  it  i 
mea  ita  bulk  of  sulphuric  acid,  which  does  not 
le  dehydrated  chloral  hoa  riaen  to  the  lop  of  the  i 
B  accelerated  by  gentle  heating ;  and  iKe  trans; 
nmediately  decanted  by  means  of  a  pipette.  If 
is  particularly  neceasarj  to  decant  as  quickly 
lereby  converted  into  insoluble  chloral.  Lastly, 
hich  has  been  slaked  and  sabseqaently  ignited, 
^ng  taken  to  keep  the  whole  of  the  lime  below  ' 
hertrise  decompose  the  rapoui  and  become  tm 
obtained  tolerably  pure;  but  it  sliK  cont4iine 


ling  itaidi  or  tagiz  with  lijilrochlorie  tdd  and  pamide  of  mannngM 
1  pL  of  lUrch,  or  gn^-sugu,  or  common  ■ngw.  ii  gontl^  heated  with 
Ittdal  fajdrochlDric  acid  free  trom  mlphiiroiu  acid  and  ditaUd  with  an 
B«  of  wRter,  til]  the  paste  (formed  wh?a  starch  ii  used)  haa  becoms  fluii' ; 
whaa  cold,  ia  introdnced,  togethai  with  S  pin.  of  manguieae  and  a  small 
Feamnoii  salt  (to  fli  the  mlphuric  add  pnuncid  &om  the  aulphuious  acid 
moaal  hydrocMoric  add)  into  a  cspadoua  flask,  in  which  it  ia  heat«d  aa 
powible  to  the  boiling  point;  and  thp  fire  i>  then  completeljremored  Tha 
IJ  np,  giTJDg  off  a  lu^  quantity  of  nrbonic  add,  and  contiaUM  to  boil 
lime  hj  itaeil  Aa  aoon  as  the  aballition  sUdieaa,  it  must  be  kept  np  bj 
cation  of  heat,  and  the  distillate  collected,  as  long  as  it  beoomca  turbid  when 
h  tolerafal;  strong  potash-lej  (in  consequence  of  aepanition  of  chlorofona 
hloral),  Mon  hTdiocfalorie  acid  ii  then  repeatedly  introduoed  into  the  flaak 
artiooa,  till  tha  ili«till«>j  no  longer  amella  of  chloral,  or  brcomca  turbid  with 
!bg  watetT  diatillate  ia  eareftiUy  freed  &om  the  colouiUu  oil-drop^  heaTier 
'  and  smeuing  of  chloroform,  which  are  piodnced  at  the  bwinning  of  the 
. ;  and  aatnrated  with  common  ssJt,  in  oraer  to  miae  ite  boding  point  and  . 
water.  It  ia  then  redistillnl,  and  the  reaolting  distillate  ia  freed  fium  a 
Uow  Tflry  pungent  oil,  and  diatilled  aereral  time*  more  with  comnuia  salt, 
op*  being  each  tiiog  nmored,  in  order  to  obtain  aqueoiu  chloral  as  concen- 
oaaible,  and  as  &ee  as  poaaible  &om  tlie  yellow  oU,  which  greatly  impedes 

lOTal  of  this  oil  ia  fiicilitated  bj  utorsting  the  distillate,  before  each  reetifi- 
h  chalk,  wbidi  decomposes  the  oil,  but  docs  not  tltack  the  chloral  Tb« 
ad  solntion  of  chloral  is  saturated  with  dry  chloride  of  calcinm,  and  dis- 
1  oil-bath  at  120"  C.     Hydraf      •■'■-•  '      ■ 

ieh  aalidiSea  in  the  receirer  ii 
lie  are  contaminaled  with  a 
thus  obtained,  the  anhydnns  chloral  may  be  separated  by  distillation,  and 
the  manner  above  deecribed.     (StMdeler.) 

et. — Chloral  is  a  thin  coloorteM  ail,  grcaa;  to  tha  touch,  and  making  grewe- 
iper,  which,  howersr,  soon  disappear.  SpedSc  gnvi^a  IfiOSat  lS°C.,I'il( 
iD3  at  22^.  Boils  at  M-4°  (L  i  e  b  i  g) ;  at  98-6  when  the  barometer  stands  at 
Eopp),  and  distils  without  decomposition.  VaponrHieniity  ~  £13.  It  has  a 
ngent odour,  andexdtesaeopiiniiBowoftean:  itStasteisgrHSyandsIightlj 


rerr  strongly  on  the  skin,  espedally  when  its  bouing  Tipanr  cc 
therewith.    It  haa  do  add  leactioo,  stbd  when  diaaolred  in  water,  and  dow 
itale  a  solntian  of  ailTer. 

rith  a  small  ousntitv  of  water,  it  bea»mea  healed  and  solidiflea,  forming  a 
yitala  of  kj/dratt  o/ckoral.  CHCl'O.HK) :  a  larger  qnanti^  of  water  dia- 
nd  the  solution  eTaporated  in  vacuo  deposits  the  hydrate  of  chloral  in  lai^ 
unins.  The  hydrate  ToUtilisei  gradoally  in  the  air,  and  distils  without 
lion  when  bealeJ.     Its  TapourJensi^  ia  2-78. 

disHolvn  also  in  alcohol  and  in  ether.  It  alnorba  eMmne  gas  without 
ingn,  and  readily  dissolves  iodine,  bromine,  sulphur,  and  phosphorus,  eq>ed- 
hested.    The  iodine-aolutioD  haa  a  purple- colour. 

tn'twns.  —  I.  Chloral  is  under  certain  dreumstaacea  inclined  to  paaa  into 
c  insoluble  modification  (p.  64). — 2.  Anhydrous  chloral  distils,  for  tha  most 
.need,  with  itrong  tulpharu  aiid;  but  when  hydrate  of  ohloral  ia  heated 
icid.  part  of  the  chloral  distils  over  in  the  anhydnus  stale,  while  the  rest  i* 
into  eilonUidt  (p.  61),  with  evolnttoii  rf  hjdioGhlnria  and  suhthnroua 
a  trace  of  oubonic  add.  This  reaction  terrea  for  the  detection  of  ddcml 
The  liquid,  concentrated  by  several  distillationi  over  chloride  of  calcium, 
or  some  time,  with  six  timea  its  volume  of  strong  sulphuric  add,  to  iiB"  C, 
d,  after  oooling,  with  aix  mnaaorea  of  water.  Chloralide  then  separates  out 
li  carbonaceoua  particles ;  and  the  mixture  washed,  preaaed  between  paper, 
with  ether  and  evirated,  yields  crystals  of  chloralide,  which  may  ba 
rifled  by  heating  with  sulphuiie  add  and  reayitallisBtion  from  ether. — 
r  niMe  acid,  if  ultimately  aided  by  heat,  converts  chloral  into  tricbbracetia 


liquid  is  distilled  over  tb 
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burytA,  strontU  or  lime,  a  poitioii  of  the  oxide  is  left  dry,  or  if  either  of  theee  snbiitaiicM 
18  heated  in  chloral  ri^ur  merely  to  100^,  it  becomes  red-hot,  and  completely  de- 
composes the  choral,  with  evolution  of  carbonic  oxide,  and  formation  of  a  metal- 
lic chloride  mixed  with  charcoal — 5.  Alkalis^  either  in  the  form  of  solid  hydrates 
or  of  aqaeoos  solutions,  decompose  chloral  readily  at  ordinary  temperatnrea,  with 
erolution  of  heat,  conyerting  it  into  formate  of  potassium  and  chloroform,  and  a  portion 
of  the  latter  compound  is  further  decomposed,  yielding  formate  and  chloride  of  potas- 
sium: 

CnCiH)  +  KHO  =  CHKO«  +  CBCiK 

Chloral.  Formate       Cblorofonn. 

oTpoCutlum. 

and  CHa»  +  4KH0  -  CHKO*  +  SKQ  +  2H«0. 

— 6.  Vapour  of  chloral  passed  over  red-hot  iron  yields  carbonic  oxide,  and  chloride 
of  iron  mixed  with  charcoal — 6.  Potassium^  in  contact  with  chloral,  eliminat««  hydrogen, 
and  forms  a  resinous  body  from  which  water  extracts  potash  and  choride  of  potassium. 
— 7.  Chloral  forms  with  ammonia  a  compound,  which,  like  aldehyde-ammonia,  reduced 
silver  in  the  specular  fbrm,  and  from  which  sulphydric  acid  throws  down  a  sulphnrett^ed 
compound  apparently  analogous  to  thialdine  (Stadeler,  Ann.  Gh.  Pharm.  ori  263). 
—  8.  8ulphyarie  acid  gas  passed  through  an  aqueous  solution  of  chloral  separates 
a  sparingly  soluble  crystalline  compound,  which  is  probably  analogous  to  aoe^l-mer- 
eaptan  (p.  107)*  ^^t  decomposes  much  more  easily,  giving  off  sulphydric  acid  even 
during  orying  (St&deler). — 9.  By  boiling  hytinite  of  chloral  with  htfdroeyame 
and  hydrochloric  acid,  a  syrupy  add  is  formed  resembling  lactic  add.  These  last 
three  reactions  indicate  a  close  analogy  between  chloral  and  aldehyde,  which  is  forther 
strengthened  by  the  fact  that  chloralforms  crystalline  compounds  with  add  sulphites 
of  alludi-metal.    (S  t  a  d  ^  e  r.) 

Insoluble  Chloral,  Metachloral{Qm,vm,206;  Gerh.  i.671.)  —  Chloral  is  con- 
verted, under  certain  circumstances,  into  an  iBomeric  modification  insoluble  in  water. 
This  change  takes  place  spontaneously  when  chloral  is  preserved  in  a  stoppered 
bottle,  or  when  it  is  placed  in  contact  with  a  quantity  of  water  not  suffident  to  con- 
vert it  into  the  hydrate.  Metachloral  thus  prepared  is  pure,  and  hap  the  same  com- 
position as  chloral.  It  is  also  produced,  mixed,  however,  with  a  little  chloralide, 
by  the  action  of  sulphuric  add  upon  chloraL  A  layer  of  the  crude  hydrate  of  chloral 
obtained  in  the  preparation  of  chloral  from  alcohol  (p.  880),  left  in  contact  with 
strong  sulphuric  add,  solidifies  in  a  few  hours  into  a  mass  of  insoluble  chloraL  Pure 
chlorsl  in  contact  with  six  times  its  volume  of  strong  sulphuric  add,  undergoes  the 
same  transformation  in  the  course  of  a  night  The  metachloral  thus  obtained  may  be 
purified  from  chloralide  by  pulverising,  and  washing  it,  first  with  water  and  then  with 
alcohol 

Metachloral  is  a  white  powder,  greasy  to  the  touch,  and  having  a  faint  aromatic 
odonr.  It  volatilises  slowly  in  the  air  or  in  vacuo.  It  is  insoluble  in  water,  alcohol, 
and  .Hher.  When  perfectly  dry,  it  is  reconverted  by  heat  into  soluble  chloral,  at  180^0, 
according  to  Kolbe,  above  200°  according  to  Regnault.  Heated  with  sulphuric  acid, 
it  partly  distils  over  as  soluble  chloral,  but  a  considerable  portion  is  decomposed, 
with  formation  of  chloralide,  and  evolution  of  hydrochloric  and  sulphurous  acids.  By 
fuming  nitric  acid,  metachloral  is,  like  chloral,  converted  into  trichloracetic  add ;  but  it 
is  not  attacked  by  a  mixture  of  hydrochloric  add  and  chlorate  of  potasdum.  With 
solutions  of  the  caustic  alkalis,  it  behaves  like  ordinary  chloral,  yielding  an  alkaline 
formate  and  chloroform ;  but  the  quantity  of  the  latter  is  less  as  the  aOudi  is  more 
concentrated. 

CS&OXA&t  ABRXZC.    See  Chloraictlal. 

cnOiOXA&t  BOUZTZC.  This  name  was  applied  by  Kane  (Pogg.  Ann.  xliv. 
473)  to  a  pungent  vedcating  liquid  of  specific  gravity  1*38,  and  bbilin|^  at  71^0., 
which  is  obtained  by  passing  dry  chlorine  into  acetone.  Kane's  analysis  gives  66*6 
per  cent  chlorine ;  liiebig  found  only  62*6  per  cent  It  is  probably  a  mixture  cos- 
taining  two  or  more  of  the  chloracetones  (p.  29). 

CB&OBA&,  KROVZOVZO.  Hydride  of  Pentachloropropione,  CK!iH>^JEL  This 
body  is*found  amongst  the  products  obtained  by  distilling  starch  with  a  mixture  of 
hydrochloric  add  and  peroxide  of  manganese.  On  saturating  the  add  distillate  with 
chalk  or  carbonate  of  sodium,  and  rectifying  over  a  small  quantity  of  chloride  of  caldum, 
the  propionic  chloral  passes  over  among  the  fiirst  portions,  together  with  an  oiL  To 
remove  the  latter,  the  rectified  distillate  is  agitated  several  times  with  ice-cold  water, 
and  the  cold  saturated  solution  is  decanted  and  heated,  the  propionic  chloral  then 
separating  in  heavy  drops  having  a  faint  yellow  colour.  By  disbdng  theee  dr<->p« 
through  a  small  quantity  of  water,  and  exposing  them  to  a  temperature  of  0*^  C, 
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iblce  ■»  abtainrd,  which  niBj  Im  pnrifled  from  adheriog  oil  bj  g|BMare 
niltnu  pmper.  Tber  coiuiit  of  ■  hydnts  contaioing  i  aL  water :  CHCl'O'. 
.adoler,  Handir.  d  Chem.  SnppL  iL  796.) 

'.litMJW,  CH<C1*. — A.  crjtttiUae  rabctaum  oontuDed  in  brichloniphMlie 
rd  by  paoin^  chlorine  through  coal-tar.  It  ii  lepantcd  by  treatisg  tha 
with  ammonia  and  alcohol,  or  bf  tt«r  with  ethe^  vhNenpon  the  chloralbin 
Teij  whiU  needles ;  it  Buy  be  fHirther  porifled  by  diHolTios  it  in  bailing 
a  bat  aparinply  lolBble  in  boUing  al«)hoL  and  inaoluble  in  aualia.  It  boiS 
and  erystaUuce  on  oooling  in  fern-like  tufta.     At  a  higher  temperatnre, 

withoDt  aheration  and  erritalliiea  in  needlea.    It  ii  not  attacked  by  hot 
Jphnric  add.     (Lantont,  Ebt.  Bcient.  vi.  72.) 
;AXd>XXTSSS>    Theae  oompounda  an  aldehrdN  in  which  the  hydnigeo 

lem  replaced  by  chlorine  and  may  be  rwiided  ai  derired  &om  the  eoi^ 
■ddi  by  the  mMtitation  cnF  1  M  more  at.  dilorine  for  an  eqniTiilent  quantity 

of  hydrogen  HO,  thoa : 

Acetic         ....  (?HH).C1  0^'O.HO 

Trichlonwetic  .  CKVO.Cl  CKn-O.HO 

Hitric.        .        .        J        .  N0'.C1  NO'.HO 

Sulphuric    ....  (SC^-.CP  (SO')-.(HO)« 

PhMphoric.  .      .   {Tof-.CP  {Poy.(moy 

naldehydea  are  a  mora  nammiw  elaaa  of  oompmnda  than  tha   alde- 
laelTsa,  including  many  eompoimda  anally  denominated  ozjchloridei, 
oride  of  phoaphonu.     They  Dear  to  their  cmreaponding  acids  the  aame 
Lt  metallic  chloridea  bear  to  metallie  hydrates. 
I  chloraldebyde  iaataoepecially appliedtothaaecond  compound  in  the 

lei)/Triekleraeelsl<nPtr<klortHatedAcetieAldeiyde,  CKHK)- 
-Thia  body,  diKOTsred  by  Malagnti  (Ann.  Ch.  Fhyi.  L  [3]  zri  £):  Onb 
:rh.  L  TS6),  ii  a  conitant  product  of  the  action  of  heat  on  the  perchlorinated 
lie)  ethera.    Thua: 

CK31»0     -     (?C1*0     *     CKn*. 

Perchlor.  oiU*  BwgulchlaiUa 

or  «1irl.  of  arbofk. 

CH^'O'    -    CKH'O     *■     COOl'. 

(?CK)»   -   acKa-o 

PeRblor.  ■»■ 

BUafMlirl. 

CHni'O'  -   CT3W)    +    eci*     +    oo". 
+   coa'    +    CO. 

■t  prepAivd  fram  perchlorinated  oxide  of  ethyl,  0*C1'*0  (the  wodoet  ol^ 
[he  continued  action  of  chlorine  in  lunihine,  on  anhydroni  ethor).  Thii 
ia  reaolred  at  S00°  C.  into  chloride  of  trieliloraeetyl  and  trichloride  of 
id  by  aubjeeting  the  miitnni  to  repeated  fracticuial  distillation,  the  tri- 
curbon  n  leit  behind,  and  the  chloride  of  trichlomcetyl  ii  obtained  pur*, 
cation  must  be  oontinued  till  the  diitiilate  no  longer  ebowi  any  Inrbiditj 
d  with  water. 

ehyde  ia  a  transpsn^t,  colourleaa  liquid,  of  ipeeide  gniTity  1-603  at  18°  C 
nt  118°.  Vapour-denii^  6-32  (ealc  2  niL  6-296\  It  givea  off  exceaaiTely 
poun  OS  ezposnre  to  the  air,  and  when  placed  on  the  tongue,  first  excites  a 
f  dijUM.  uien  form*  a  white  ipot,  and  ultimataly  exerta  a  eauatiG  action. 
litmu  after  a  hw  laconda. 

in  water,  ancl  gradually  disMdvea,  forming  a  dear  aolotiDn  of  hydrochlorie 
racetie  adda  :  tlie  eama  deoompcaition  ia  prodaeed  by  aqneoui  aolntioni  of 
[kiUia: 

CCl'O.Ca  +  HK)  -  HCl  *  CCl'O.H.O. 
small  quantity  of  alcohol  ia  poured  apon  it,  great  heat  is  erolred.  and  the 
jckly  Tolatitisnd ;  but  if  the  chloralduiyde  be  slowly  added  to  an  eic«a  <d 
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altsohol,  gradual  decompositioxi  takes  place,  attended  with  but  little  riae  of  t^mpevatan^ 
the  prodraeta  being  hydrochloric  add  and  trichloraoetate  of  ethyl: 

CKJIH),C[  +  C«H»ja.O  -  HCl  +  c«a«o.c»H».o 

l^^th  ammonia  it  ibrma  trichloracetamide  (p.  22) ; 

cKn«o.a  +  2NH«  -  N^«.o«a«o  +  nh^ci, 

and  with  phosphoretted  hydrogen,  PH',  the  analogous  oompoond,  chloraoetyphid^ 
P.H«.CH}1"0  (p.  879). 

OX&OmA&IBa.  OHKa*0*.  (St&deler,  Ann.  Ch.  Pharm.  IxL  lOi.^Keknl^ 
ibid,  CT.  298.) — ^A  ciystalline  compound  obtained  by  the  action  of  sulphuric  acid  upon 
hydrate  of  chloraL  To  prepare  it,  hydrate  of  chloral  is  ^ntly  heat«d  with  4  to  6 
tunes  its  Tolume  of  strong  sulphuric  add,  the  mixture  being  well  shaken,  and  then 
distilled  Ht  a  heat  between  120^  and  130^  C,  as  long  as  unaltered  choral  continues  to 
pass  oyer.    This  choral  is  reconyerted  into  hydrate  by  addition  of  a  little  water,  then 

Soured  back,  and  the  distillation  is  repeated  till  the  greater  part  of  the  chlOTal  .8 
ecomposed.  The  sulphuric  add  is  then  found  to  be  coyered  with  a  colourless  oily 
liquid,  which  solidifies  on  ooolinff  into  a  white  crystalline  crust  This  mass  is  broken 
up,  the  sulphuric  add  is  drained  ofi;  and  the  ciystals  are  washed  with  water,  till  the 
imh-water  no  longer  reddens  litmus ;  they  are  tnen  dried  between  bibulous  paper,  and 
dissolyed  in  ether,  and  the  ethereal  solution  is  mixed  with  ^  its  yolume  of  alcohol 
The  chloralide  then  separates  as  the  ether  eyaporates,  in  well-defined  crystala,  which 
must  be  crystallised  seyeral  times  from  u  mixture  of  alcohol  and  ether,  in  order  to  free 
them  from  an  oily  matter  which  adheres  to  them :  —According  to  Kekule  (Ann.  Ch. 
Pharm.  cy.  298^,  a  purer  and  more  abundant  product  is  obtained  by  the  action  of 
ftuning  sulphuric  aad  on  hydrate  of  chloraL  When  chloral  which  has  been  once 
distilled  oyer  ordinary  sulphuric  add,  is  mixed  with  an  equal  yolume  of  add,  a  laige 
quantitj^  of  hydrochloric  add  is  eyolyed,  and  about  one-third  of  the  chloral  is  con- 
yerted  into  chloralide.  Carbonic  oxide  is  also  giyen  off  abundantly,  together  with  a 
yeiy  small  quantity  of  carbonic  anhydride ;  sulphurous  anhydride  occurs  onbr  towirds 
the  end  of  the  process.  The  oily  distillate  solidifies  on  cooling  in  a  aystamne  mass, 
which  may  be  purified  by  reo^stallisation  from  boiling  alcohol 

Kekul^  explains  the  formation  of  chloralide  and  the  accompanying  products  by  the 
following  equation : — 

8C«HC1H)  +  H«0  -  C»H«a«0«  +  SKCl  +  CO. 

Stideler,  on  the  pther  hand,  considers  it  improbable  that  the  conyersion  of  the  chloral 
into  chloralide  can  be  due  to  the  action  of  water,  inasmuch  ss  fhming  salphurie  acid 
seems  to  act  better  than  ordinary  sulphuric  add.  He  supposes  that  a  triple  molecule 
of  chloral  (insoluble  chloral)  spUts  up  into  chloralide  and  chloroform,  according  to  the 
aquation : 

8C«HC1»0  -  C»H«a«0«  +  CHC1», 

and  attributes  the  eyolution  of  carbonic  oxide  obseryed  by  Keknl^  to  the  revolution 
of  a  molecule  of  chloral  into  this  gas  and  chloroform : 

c*Ha«o  -  CO  +  cHa». 

Chloralide  ia  insoluble  in  water,  and  likewise  in  sulphuric  add.  It  diaaolyes  sparingly 
in  cold  alcohol,  but  easily  in  boiling  alcohol  and  in  ether.  From  a  hot  saturated  af- 
ooholic  solution,  it  ia  depodted  in  yery  delicate  white  needles ;  from  a  mixture  of 
alcohol  and  ether,  in  stellate  groups  of  rectangular  prisms  belonging  to  the  monodinie 
system,  with  oblique  terminal  faces,  and  generally  haying  their  lateral  edces  truncated. 
They  are  transparent  and  colourless,  with  a  glassy  lustre,  and  deaye  with  facility  in  a 
direction  parallel  to  the  prismatic  faces.  ChloriUide  mdts  between  112^  and  114°  C. 
to  an  oily  liquid,  emitting  at  the  same  time  an  odour  like  that  of  chloral :  it  solidifies 
at  lOS^'  (KekuU).  Chloralide  bums  at  200^  (6tiideler) ;  at  260^  (KekuU)  with 
a  bright  fiame,  green  at  the  edffes. 

The  alcoholic  solution  of  chlOTalide  does  not  jnredpitate  nitrate  of  silyer,  but  on 
adding  a  drop  of  ammonia^  a  predpitate  is  immediately  formed,  consisting  of  chloride 
of  silyer.  Cnloralide  immersed  in  aqueous  potaah,  is  resolyed  into  emorofbrm  and 
formate  of  potassium;  but  if  alcoholic  solutions  are  used,  the  obly  products  are  formnte 
and  chloriae  of  potassium,  these  compounds  being  in  fact  produced  by  the  action  of 
alcoholic  potash  upon  chloroform. 

The  composition  of  chloralide  has  been  yarioualy  stated  by  different  chemists.  Stii- 
dder,  who  discoyered  it.  assigned  to  it  the  formula  C*H^1K)^  which  in  confirmed  by 
the  recent  experiments  of  KekuU.  Gerhardt  (TraiU,  i.  tf72)  proposed  the  formnlii 
C«HH:a'0« ;  G m  e  1  i n  (Handbook,  ix.  207)  mve  C»H«a»«0*,  and  in  the  Hnndwth-trrhwk 
der  CktmUf  2*«  Aufi.  L  112,  the  formula  0*HCIK>*  is  assigned  to  this  compound. 
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PH'Cl'O'    CfHKa-O*    (?H'C1"0*   CHOl'O' 


«-10 

88M 

68-39 

iB-ea 

13-44 

t4-SB 

ioooo 

10<MKI 

100-00 

liTriTTfii    A  product  of  the  action  of  chlorine  npOA  mtoin  (p.  148). 

lAXWCO  AOQk    An  uid  prodQcad,  tooether  with  othar  iDbataneai,  bj 

of  oUoroni  icid  on  uric  add.    It  ajitidluM  in  naocou  '■"■'"^ ;  fi«nu 

lie  wilti  with  twrinm  uid  Ifad,  ud  ■  cordj  pradpitUe  with  tiJvn-Mlta. 

r  uuItui  37-3  per  cent  C,  88  E,  281  N.  and  11-4  CI,  DUnbBn  which 

imitclj  reprcKnted  bj  the  fbnnula  C^H'VCtK)".    (Schio^  Ann.  Ch. 

L78.) 

1AMTI>&L    l?H'C10  (r)  ~  A  itnj  liquid  prodncwl  bj  the  action  of 

on  UDjlic  alcohol  (;.  v.) 

bun&.    S71L  with  FncKLOBOQDiiiOfli,  (Xn'O*.    (Sm  QraKun.) 

lAwuuUKXO   AOXn.    8]%  with  IhcHLOBogcnroHuco  Aon.     (8n 

^). 

LASX&AJBXDSi     8fiL    with    DiDBUMOdcinoHuiim.    (Sea    Quuinisi 

t&wn>AMIKOn>    SjQ.  with  DnTKumoacniaHUUTi  or  AMMomnL 
LAHI^UO  AOIB.    870.  vith  DicBumoamronc  Acm.    (See  Qonroina 

UUnXOfA    Sfu.  with  CKLoaoTHlirti.uan.    (See  PKiirTi.u[nn.) 
LAMZBZC  AOXB,     Bee  Alfino  Acid  (p.  S03), 

tASTBOK^TH.    A  mineral  fbnnd  on  the  thorea  of  lale  BoTila,  lake 
1  imall  nninded  vatec-worn  pehblea  which  have  come  from  the  ban.    " 


J  Wbitntir: 

Al'O'         FeW        CaO  Sn'O         K'O  H»0 

3fi-49  848         laSO  370  0'40  733  -  10118 

34'3S  878        31-88  4'8S  677  -  100-U 

ban  lend  to  thr  formnU— 

■[(i£S)'«']  *  >[(iF^)''*<>-]  *  •■«>■ 

[  —  Ca,  Ha  and  n  <>  |  (Al,  Fa),  may  be  redoeed  to  that  of  an  oHhoailieate, 
I"  +  Saq. 

atl  girat  off  water  when  heated,  and  melU  with  intnmeacence  before  the 
I  a  gnfiih  blebby  glaaa.  With  bom  it  forma  a  tranaparent  glaia  tinged 
bloa  with  cobalt  eolution.  DiaeolTH  in  hjdrochloric  acid,  with  M^atation 
itiilica.    (I}»aa.ii.  81S.) 

iM-vmrn.  Chloric  acid,  HCIO*,  la  tnooobsnc  and  forma  bnt  one  claaa  of 
Dg  the  MoBial  fonnnla  MClO*  or  ]I'(C10*)'.  They  an  all  eolubla  in 
are  reeolTed  bj  heat  into  oxygen  and  a  metallic  chloride.  (See  Chlouc 
r  CHunon,  p.  SIO.) 

iTi  or  ALDMiHinM  ii  a  deliqncacent  aalt  obtained  by  precipitating  a 
aUico-BDoride  of  alamininm  with  an  eqniTalent  quanti^  of  potaaeinm,  and 
i  the  filtiate.    (Bericliua.) 

LTi  or  AxKOHinH  is  obtained  by  adding  ammonia  or  the  carbonate  K 
i ;  by  pKcipitatiiig  an  earthy  chlorate  with  carbonate  of  ammoninm ;  or  bj 
>ly  dmded  chlorato  of  potaaiom  by  imall  portion*  to  a  aolntion  of  nlieo- 
ammonium,  and  flllering.  It  crystallieea  in  elender  needlea,  haa  a  pongenl 
)d«a  when  heated,  and  aometimee,  according  to  Hitacheriidk,  even  at  ordinary 
-e*.    DinaolTea  eaiily  in  witer  and  in  alcohi^ 

*Tn  OF  BaBinM,Ba'(C10)'.— Prepared;  1 .  By  aatarating  aqneeoe  ehlorii 
arrta-waterorcAilmnateofbarlam.   a.  Ahoteolntio-iofeUoraMofpotaaiiiiii 
3l.» 
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is  precipitated  with  hydrofluosilicic  acid  in  slight  excess,  and  the  ftltnite  is  satoratod 
with  carbonate  of  barinm,  whereupon  chlorate  of  bazinm  diasolres,  and  a  small  qttantily 
of  silico-fluoride  of  barium  remains  behind.  The  filtered  solution  yields  crystals  of 
the  dilorate  bj  eyaporation  (Wheeler,  Ann.  Ch.  Physi  [2]  yii  74).  6.  A  solotioa 
of  27  pts.  chlorate  of  sodium  in  64  pts.  water  is  mixed  with  a  aohition  of  88  pts.  tar- 
taric acid  in  86  pts.  water ;  the  mixture  is  thrown  into  double  the  quantity  of  abaolnte 
alcohol;  and  the  liquid,  after  standing  24  hours,  is  filtered  from  the  oystallised 
tartrate  of  sodium,  then  saturated  with  carbonate  of  barium,  Sic  (D  u  flos,  N.  Br.  Arch. 
«in  306.)  c.  Equivalent  quantities  of  chlorate  of  potassium  and  add  tartrate  otf 
ammonium  (122*6  pts.  of  the  former  to  167  of  the  latter)  are  dissolved  in  the  smallest 
possible  quantity  of  boiling  water;  the  liquid,  after  the  acid  tartrate  of  potassium  has 
oystallised  out,  is  mixed  with  an  equal  Quantity  of  alcohol ;  the  filtrate  decomposed  by 
boiling  with  carbonate  of  barium,  &c  (L.  T  h  o  m  p  s o  n,  Jahi'esber.  f.  Chem.  1 847 — 8, 
p.  381.) 

2.  By  passing  chlorine  into  hot  water  in  which  baryta  is  partly  Buspended,  partly 
dissolved.  Chloride  and  chlorate  of  barium  are  then  formed,  the  greater  part  of  the 
chloride  is  suffered  to  aystallise  out,  and  the  rest  is  removed  by  adding  paosphate  of 
silver  to  the  solution,  in  the  exact  quantity  required.  (Chenevix,  Vauquelio, 
GmdifCa  Handbook^  ii  161.) 

Chlorate  of  barium  forms  hydrated  prismatic  crystals,  2Ba(ylO'-(-  H*0,  bdonging  to 
the  monodinic  system.  Katio  of  orthodiagonal,  dinodiagonal,  and  principal  axis  « 
0'882  :  1  :  1*07.  Inclination  of  axes  »  85°  30';  ooP  :  ooP  in  the  orthodiagonal  sec- 
tion b97°;  [Poo]  :  [Poo],  in  the  clinodiagonal  section  «79°  10'.  Ordinary  com- 
bination ooP .  [P  oo]  .  —  P  00 ;  also  without  —  P  oo  ;  also  with  ooP  oo  (Kopp,  KrysUtUo' 
grapkie,  p.  304),  and  less  frequently  with  OP  (Rammelsberg,  Pogg.  Ann.  xc.  16). 
The  crystals  are  transparent  and  colourless,  give  off  their  water  (47*2  per  cent)  at 
120°  C,  oxygen  at  250°,  and  mdt  at  a  temperature  above  400°  (Wachter,  Ann. 
Cli.  Pharm.  lii.  231;  Souchay,  ^fid.  cii.  381).  The  salt  detonates  powerfully  with 
combustible  bodies;  produces  a  green  flame  when  heated  with  sulphur  (Duflos);  and 
emits  a  bright  flashing  li;^ht  with  strong  sulphuric  acid  (Chenevix).  It  dissolrra 
eaidly  in  water,  but  is  insoluble  in  alcohoL  The  anhydrous  salt  dissolves  in  4*38 
pts.  of  water  at  0°  C,  in  270  pts.  at  20°,  in  1*92  pts.  at  40°  in  1-39  pts.  at  60°,  in 
1*02  pts.  at  80°,  and  in  0*79  pts.  at  lOO'^  (Kremers,  Jaheresber.  d.  Chem.  1856, 
p.  274.)  Aooording  to  Hutstein  (Arch.  Pharm.  [2]  Ixxvii  137)  it  emits  light  on 
crystallising. 

Ohlobatk  of  Calcium,  Ch'(C10«)»  4  2H'0. —Prepared  like  the  barnim-sult 
Crystallises  in  deliquescent  rhoraboiVlal  prisms,  easily  soluble  in  waiter  and  alcohol. 
They  contain  16*5  p.  c.  water,  melt  in  their  water  of  ciy stall isation  when  geutly 
heated,  and  decompose  at  a  higher  temperature.     (Gm.  iil  212.) 

Chloratb  of  Cobalt,  Co''(C10*)«  +  6H«0.— Crystallises  in  culio-octahsdr..n8. 
Decomposed  by  ignition  into  chlorine,  oxygen,  and  a  residue  containing  oxide  and 
chloride  of  cobalt.     (Wachter,  Ann.  Ch.  Pharm.  lii.  283.) 

Chlobate  of  Copfbb,  Cu''(aO«)«  i-  6H»0,— A  solution  of  cupric  oxide  in 
chloric  acid  yields  green  deliquescent  octahedrons  having  a  slight  acid  reaction,  and 
soluble  in  alcohol  At  100°  C.  it  gives  off  a  few  gas-bubbles,  and  at  260®  8uff*erg 
further  decomposition,  leaving  a  residue  which  is  insoluble  in  water  but  soluble  in 
acids,  and  appears  to  consist  of  a  basic  chlorate,  inasmuch  as  its  solution  in  nitric 
acid  gives  no  precipitate  with  silver-salts.  (Wachter,  loc.  dt.)  Cupric  chlorate 
detonates  with  bright  green  flame  on  glowing  coals,  and  is  much  used  in  pyrotechny 
for  the  production  of  green  fire. 

Chloratsof  Lead.  Pb(C10*)*  +  HK).— Rhomboitlal  prisms,  which  become  dull 
and  opaque  by  exposure  to  the  air ;  soluble  in  water  and  alcohol  but  not  deliquescent 
When  heated,  they  leave  oxychloride  of  lead  containing  Pb*Cl«0.     ( W  X  c  h  te  r. ) 

Chlorate  op  Lithium,  2LiC10*  +  H*0.— Radiated,  very  deliquescent  mass,  melting 
at  0°  C,  and  giving  off  water  at  140°.  together  with  oxygen  and  small  quantitiew  of 
chlorine.    Very  soluble  in  alcohol.    (Wachter.) 

C  H  L  o  R  A  T B  o  f  M  A o  K  B  8 1  u  X,  Mg^( CIO')' +  6H'0.— Crystalline  crust,  easily  8olQh  le 
in  alcohol,  melting  at  40°  C,  and  giving  off  its  water  at  120°.  (Chenevix, 
Wachter.) 

Chloratb  of  MANOANB8B.~Colourless,  known  only  in  solution. 

CKI.0RATB8  OF  Mbrourt. — The  mercurio  salt  is  obtained  by  dissolving  mercuric 
oxide  in  warm  chloric  acid  (Vauquelinl  or  by  heating  mercuric  oxide  with  succes- 
sive portions  of  chlorine-water,  filtering  nom  mezeuzic  oxychloride,  and  concentnitiog 
the  filtrate ;  mercuric  chloride  then  crystallises  out^  while  the  chlorate  remains  in 
solution  (Braamcamp  and  Siqueira.)     Mercuric  dilorate  foroEis  small  deiiqueseent 


I 


GHLOEATES. 

rhlch  TBddcm  litmni,  ti 

u,  mncaroiu  chloride,  olomel.  ■ 

I  on  red-hot  eooU  but  selj  fl»  to 

3m.  TJ.  82.) 

.rat..  Ckleralt,  HgHJ.Cl'O'  or  (Hg')'(C10')'.— A  aolutjon  of  mBTCuroi 

liloric  acid  yisldi  the  lalt  in  baantifal  prismatiG  trjtttia.  which  diuolT* 

d  in  alcohol,  mud  an  nsolTsd  b*  haat  into  oxnnn.  metkllio  mercuTT,  t,i 

(Wlchter.) 
im  o  r  N I  c  1 1 L,  iri'(C10')' +  eH*0,  ciTitallint  ia  rcgnlai  octAhtdnnu  of 
■n  colour,  deliquetceat  luid  loluble  in  alroboL     When  hMtcd,  tii>7  giTS  i 
nd  chlorine,  and  Ihth  »  miitore  of  chlorids  uid  oxida  of  nickel ;  at  ■  t«i 
1  heat,  hoKcTcr,  nothing  bnl  oxide  ivmAiiu  b^tind.     (Wachter.) 
iiTB  o»  PoTii.iDM.  KCIO",  or  JCO.WO'.— Thia  salt  ia  an  inpottal 

BuuinCtctue,  being  naed  in  the  pnparaCion  of  liicifer  mitchea  and  for  olb 
in  the  arU.  It  ia  prepared,  either  bj  paninx  chlorine  into  lolntion  of  potai 
ate  of  potfuaium,  wherebj  chlorate  and  ch&ride  of  potaaainm  are  fi>rme 
■ted  bj  cTTStalliaatioa,  the  chlorate  being  much  the  laai  lolable  of  tl 
impoeing  chlorate  of  calcium  with  sulphate  or  chloride  of  potaaainm. 
iiuuuu  of  1  pt  hydrate  of  potanium  in  3  pta.  Tater  is  aatnnkted  with  chl 
vhereb}  chloride  and  hypochlorite  of  potaaainm  are  prodnced,  the  liqn 

■tiDtig  bleaching  pntpertiea : 

aKHO  +  CI'  -  KCIO  ,  FCl  -  HT). 
d  ii  then  left  to  itwlf  for  a  daj,  or  be«t«d  fbr  aome  timr  to  the  boiling  poll 
the  h}poehlocil«  is  completely  nsolTed  into  chloride  and  cblnrste  : 

3KC10  .  2KC1  *  KaO*. 
late  TCfmlt  ii 

bto  1  at  KClOi  and  5  at  ECL  '  It  hai  been  found  £ 
.tber  iCrongar  or  weaker  than  that  above  mentioned  be  naed,  part  of  t 
prodoced  is  decompoaed  into  tree  ongen  and  chloride  of  potasdnm. 
luIioD,  when  left  to  itaelfi  depnaila  the  grater  part  of  the  chlomta  of  poti 
TiTitals,  which  ma;  be  purified  tmta  adhering  chloride  bj  reer;itallisatic 
her-liqnor  joelda  bj  concentration  an  additions  quantitj  <rf  chlorate,  whir 
ii  more  contaminated  with  chloride^  and  require*  a  greater  number  of  ciyiti 
to  pnrify  it.  The  tMt  of  puri^  ii  that  the  aolntion  ia  Dot  elondad  by  adr< 
)  of  ailrer. 

late  of  potassium  may  be  used  fbr  the  preparation  instead  of  caoatic  potu 
aae  a  considerable  qoantit;  of  add  carbonate  of  potasaiam  is  f&imed  in  t 
^of  tbeproceea,  and  cryatallisea  on  the  sides  of  the  Teasels  ;  but  on  continoi. 
■ge  of  the  chlorine,  this  salt  is  dccompoeed,  with  eTolution  of  carbonic  ad 
late  products  being  chlorate  and  chloride  of  potAninm  as  before. 
late  of  potassium  may  also  be  used  in  the  solid  form,  beinf  laid  on  shelres 
>  chamber  into  which  chlorine  gas  is  introduced,  jnst  as  u  the  mannfactn 
iltig  powder.  When  the  absorption  of  the  chlorine  ii  complete,  tlie  prods 
'ed  in  water,  sjid  the  chlorate  crritallisea  out,  as  above  described. 
pochlorite  of  calcium,  or  bleaching  powder,  the  so-called  "  chloride  of  linu 
into  a  "  cream  "  with  water,  and  submitted  to  continuona  boiling  or  ersMi 
Irj^eas.  whereby  it  is  resolved  into  a  mixture  of  chlorate  and  chloride 
p.  SIO^  a  change  the  completion  of  which  is  indicated  bj  the  loss  of  bleat 
erties  in  the  mass.  The  residue,  after  evaporation,  is  treated  with  water,  a; 
or  solpbate  of  potaaeium  is  added,  wherebj'  the  chlorate  of  calcium  ia  <j 
1,  with  production  of  chlorate  of  potassium  and  chloride  or  aulphate  of  calda 
rate,  amonnting  to  about  X  of  the  weight  of  chloride  of  lime  ompk^ed, 
I  from  sulphate  of  calcium  bj  the  insolubility  of  the  latter,  or  from  chlori 
n  by  dystallisAtion. 

'oeen  cow  generally  employed  consista  in  a  modification  of  the  last,  in  whi 
idr  of  lime  is  formed  in  the  lame  opentioo  as  the  chlorate  itaelC  initeud 
troia  a  previouslj  manufactured  bleaching  powder.  Excess  of  chlorine 
ito  a  mixture  of  300  pta.  caustic  lime  and  104  of  chloride  of  potassium  wj 
er,  the  operation  being  performed  in  close  leaden  laoka.  heated  by  steam  ai 

with  agltaton.     A.  nun-lid,  tbrongh  which   the  tank  can  be  cleansed 

and  one  or  two  wide  tubee  descending  neariy  to  the  bottom  of  the  veai 
which  material  can  be  introduced,  complete  the  amngement.  Dnring  t 
M  temperature  riiea  to  about  1110°  F.    Alter  theoompletienj^thiaopentit 
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the  liquid  is  filtered  and  evaporated  nearlj  to  diynera  Ij  iteam  heat ;  and  the  resultiag 
mats  10  rediaaolved  in  hot  water  and  set  to  czystaUim. 

The  whole  of  the  chloride  of  caldnm  remains  in  the  mother-lianori,  and  the  oyatala 
of  chlorate  are  rendered  fit  for  the  ijiarket  by  slight  washing  and  draining.  The  reac- 
tion upon  which  this  operation  depends  is  represented  hj  the  following  equation : 

KCl  +  SCa'O  +  6a  -  Kao»  +  »Ca"a». 

In  this  process,  164  pts.  ECl  give  more  than  200  pts.  KCIO*,  while,  bj  the  method 
of  direct  satoration,  116  pts.  caustic  potash  yield  only  30  pts.  of  that  salt;  at  the 
same  time,  no  by-product  is  formed  except  chloride  of  calcium.  The  crystallisable 
mother-liquors  of  this  manufacture  consist,  within  1  or  2  per  eent^  entirely  of  this 
■alt,  and  may  be  decomposed  either  by  an  addition  of  sulphate  of  potassium  or  of  car- 
bonate of  sodium.  In  the  former  case,  sulphate  of  calcium  is  precipitated,  avail- 
able in  the  manufacture  of  pf4)er,  while  chloride  of  potassium  remaint  in  solu- 
tion, and  may  be  recovered  by  evaporation,  to  be  employed  in  the  preparation  of  freab 
portions  of  chlorate:  in  the  lattor,  carbonate  of  calcium,  the  **creta  prsedpitata  "  of 
the  druggist,  is  precipitated,  and  is  laigely  employed  by  the  pharmaceutist  and  the 
perAimer.  Nearly  the  whole  of  the  waste  liquors  of  the  Knglish  manufacturer  are 
converted  into  the  latter  product 

Carbonate  instead  of  chloride  of  potassium  may  also  be  mixed  with  the  quick  lime : 
in  that  case,  on  treating  the  mixture  with  water,  after  it  has  been  exposed  to  the 
action  of  chlorine,  the^niole  of  the  lime  remains  as  carbonate,  while  chlonde  and  chlo- 
rate df  potassium  are  dissolved.  (Gm.  iii  69,  IMs  Dictionary  qf  JrU,  Mant^acturea 
and  Mines,  i.  66^ 

iVop^r^tef.— Chlorate  of  potassium  oystallises  in  anhydnms  six-sided  lanmue,  mors 
mrely  in  needles.  The  cirstalB  belong  to  the  monodinic  system.  Batio  of  ortho- 
diagonal,  dinodiagonal,  and  principal  axis  « 1*360  :  1 :  0*804.  Inclination  of  axes  ^ 
70<»  ir.  Ordinary  combination  ooP.OP.  +P.  +2Poo;  also  twin-oystala.  Cleav- 
age parallel  to  ooP  and  OP. 

Chlorate  of  potassium  is  but  slightly  soluble  in  cold  water.  The  quantities  dissolved 
by  100  pts.  of  water  at  different  temperataresi  as  determined  by  GFay-Loseac,  are  given 
in  the  rollowing  table : 


at        oo  C.  . 

.    3-3    pts. 

at    49*06PC.  . 

.  18-98  pta 

16-370      . 

.    6-03   „ 

74-390      . 

.  86^0    „ 

24-430       . 

.    8-44   „ 

104-78O 

.  60-24    „ 

3602°       . 

.  1206  „ 

Ii  IS  insoluble  in  absolute  aloohoL 

Chlorate  of  potassium  is  permanent  in  the  air  at  ordinary  temperatores,  but  li 
easily  decomposed  by  heat^  being  at  first  resolved  into  diloride  and  perchlorate 
of  potassium,  with  a  small  quanti^  of  firee  oxygen :  2ECK)*  —  ECl  +  EClO*  -¥  O*, 
while  at  a  higher  temperature  the  whole  of  the  oxygen  is  given  off  (39-16  per  eent. 
of  its  weight  in  all),  and  chloride  of  potassium  remains. 

The  decomposition  is  greatly  facilitated  by  mixing  the  chlorate  with  peroxide  ol 
manganese  or  oxide  of  copper,  the  whole  of  the  oxygen  of  the  chlorate  being  then 
given  off  at  a  low  red  heat  without  previous  formation  of  perchlorate :  such  a  mix- 
ture is  very  convenient  for  the  evolution  of  oi^gen.  The  metellic  oxide  does  not 
undergo  any  alteration,  appearing  to  act  mraely  by  dividing  the  particles  of  the  chlo- 
rate and  preventing  them  m>m  f^ing  into  a  mass. 

Chlorate  of  potassium  is  a  powerM  oxidising  agent,  and  detonates  violently  when 
mixed  with  certein  combustible  bodies  and  struck  or  heated.  Triturat<>d  in  a  mortar 
with  flowers  of  sulphur ,  it  produces  a  series  of  sharp  detonations,  A  mixture  ef  the 
■alt  with  sulphide  of  antimony  takes  fire  when  triturated,  sometimes  with  explosion. 
A  small  quantity  of  the  chlorate  mixed  with  phosphorus  and  struck  with  a  hammer 
detonates  with  a  loud  report  These  combustions  are  attended  with  great  danger 
when  large  quantities  are  used. 

Chlorate  of  potassium  is  decomposed  byacids,  with  evolution  of  peroxide  of  chorine, 
ehlorous  acid,  or  hypochlorous  add.  w  ith  strong  sulphuric  octtf,  it  is  resolved  into 
peroxide  of  chlorine,  perchlorate,  and  add  sulphate  of  potassium : 

3EC10*  4-  2H«80«  -  2aO«  +  KCIO*  +  2EHS0*  +  HH) 

The  decomposition  is  attended  with  violent  decrepitetion,  and  sometimes  with  a  fiaah- 
ing  light;  combustible  substances,  such  as  sulfmur,  phosphorus,  metallic  sulphides, 
arsenic,  suffar,  gum,  resin,  &c.,  are  infiamed  by  the  peroxide  of  chlorine  evolved.  A 
finely-divided  mixture  of  chlorate  of  potassium  and  excess  of  crystallised  oxalic  acid 
heated  to  about  70^ C.  gives  off  peroxide  of  chlorine  mixed  with  carbonic  anhydride, 
while  chloride  and  add  oriUate  of  potassium  remain  (Calvert  and  Davie»,  Chem. 


=d 


CHLORATES.  t 

t  u.  IBS).    'Hw  ntetiM  pnbftbl;  Ukn  place  io  tha  maniiir  npnMntad 

ECtO*  +  aCBK)*  ~  SCEHO*  +  KCl  +  2aO'  +  SCO*  +  6HK). 
•  of  patMrinin  boilvd  vith  ftrmi^  nUrie  add  jioldi  nitnla  and  parchlorat 
,   mth  cvolatioD  of  eiiloruie  ud  oxjg«n,  but  no  penudd*  of  eUo 
J.  pr.  Chcm.  zziiL  396): 

aKClO'  -t-  SHNO*  -  eENO*  +  3KC10*  +  CI*  -f  O"  +  SBK). 
rk  add  free  from  niboof  acid  doe*  not  act  od  cUorate  of  potMuna^  e 
led ;  but  if  it  eontaim  nitrov*  add,  or  if  anj  rednciiis  ageot  ii  pi«a 
tartaric  acid,  ot  BiMnioni  acid,  a  lowar  oxide  of  chlorine  ii  prodni 
Dpentore  b«  kept  below  S'  C.  tbe  chief  pradoct  i>  cUorooa  acid,  HC. 
J  add  beii^  at  the  aama  time  reconTTted  into  nitiic  add ;  HMO*  +  HC 

+  naO*  (Millon,  Ann.  Ch.  Fhaim.  iItL  3B8).  Chlorate  of  poi 
ed  with  hjdroehlorio  aeid,  rieldi  elilorida  of  potaaiiiun,  and  girea  off  a  n 
roiide  of  chJonna  and  five  dilorina,  called  stKnUoriiw,  baring  uie  ptoportic 
m  of  hTpochlorooa  aahjdrida  (QO*  +  Cl*-2a*0).     The  reaction  it: 

4KC10'  +  l2Ha  -  4Ka  r  SBXI  +  800*  +  CI*. 
>  of  chlorate  of  polawinm  and  bjdioehlorie  add  is  mncb  and  ai  an  midii 
r.  for  the  deatmction  of  otganic  matter  in  toxicologieal  InreatigationB, 
e  of  poCanaium  heated  with  pmfiicUiiftift  a/fiAofpi^v*,  girea  off  a  deepjel 
doei  not  explode  when  neited,  and  when  paaaed  into  dilate  Mtaab- 
mde,  ehlOTate,  and  hypochlorite  at  potuaiiun  (H.  SehiS;  Ann.  Ch.  Pha 
—Chlorate  of  putaadom  diatilled  with  iodini,  giree  off  a  chloride  td  iod 
■ride  and  iodata  of  potaarimn  lamain  mixed  with  the  nif  [i  of  eUoi 

KCIO'  *  I  +  I"  -  KIO*  +  i-a 
td  added  to  eolation  of  chlorate  of  potaaainm,  fomuccjitalaof  nentialisi 
xjtaanam,  while  free  chloric  add  nmaiiu  in  eolatioD.     (9einllaa.} 
e  of  potaaainm  ia  exIennTdj  naed  in  the  roaoufiictiiTe  of  Indfcr  matehea  i 
Lodfei  matehea  which  take  fire  bj  ftictioo,  aie  tipped  with  a  mixt 
a  of  poturinm,  phoaphonia,  and  glue  or  gnm. 
iB  tor  piododng  fliea  of  Tmnona  eoloara,  are  eompoaed  a*  followa : 

ti  Are.  Onn  Ira.  I^IIp)*  Sra. 

ationtinDi  40  pta.  Sibata  of  bariom  77  pta.  Oxide  of  copper  IS 
ifpotaadam  6„  Cblor.  of  potaaunm  S  „  Chlor.  potaaainm  30 
xial  2  „       Fine  charooal  3  „  — 

13  „       Bnlphnr  18  „       Snlphnr  13 

[owing  compoaition  ii  applied  to  the  interior  of  pemiadon  cape,  in  qmotr 
Dm  0^  to  O'S  of  a  grain.  Chlorate  of  potaaiam  2A  pta.,  nitre  3D,  falminal- 
3,  aolphor  IT,  Epnmd  glaaa  14,  gnm  1  (  -  100). 

e  of  pataaaiiun  ia  now  extenaiTd/  uaed  aa  an  oxidiaing  agent  in  twighten 
itjr  at  tttant-eoicitri  on  printed  gooda.  It  ia  of  oonatant  naa  in  thelMOial 
e  of  ongeo,  and  ii  emplojed  in  madidne  in  the  tieatment  of  imtatioi 
la  memlnanea.  For  the  mannhetnre  of  gnnpowder  it  ii  not  well  edapl 
wder  made  with  it,  prodncea  a  tbi;  violent  ciploaiTe  force  within  a  an 
',  and  bnnte  the  gnn  instead  of  propelling  the  ball. 

9iLTBB,  A^IO'. —  Obtained  bj  diaaolTing  oxide  of  ei 

"""'""  through  water  in  which  the  oxide  ia  aiia,___ 
i  eniparatiiig.  It  cryalallieee  in  white  "opai 
cal  Euea  (Taaqnelin),  of  Riedfic  Erarit"  ' 
<e  like  the  nitrate.  It  deflasratea  brightly  on  hot  oous,  an 
'  itonatee  riolentlj  on  uia  ilighteet  preirarei  H  ' 
invert  it  inlo  chloride,  with  evolution  of  oxjgen. 
lATX  or  So  DID  K,  KaClO*. — Thiiidt  maj  be  prepared  bj  the  action  (rfd 
inlioD  of  loda:  bat  it  ia  difficolt  to  lepanite  front  the  chloride  Ibrmed  at 
I ;  the  aeparatioa  might,  however,  be  effected  by  alcohol,  which  diaaolrea 
inch  more  easily  thiiu  ttie  chloride.  The  lalt  is  likswine  oblnined  by  dea 
orate  of  potasdnm  with  8i]ico.flaoride  or  add  tartnte  of  aodiiim,  cr  chloi 
iom  bj  carbonate  of  aodinm  (Wittatein).  It  might  also  be  prepared 
ng  chlorate  of  calcium  with  carbonate  of  aodinm, 

p  of  ■odiom  cryitalliaea  in  regular  tetnihednnB,  modified  by  the  facea  of 
elxahedron,  abo  of  (be  cube  and  rhomboidal  dodecahedron :  Ihe  crystal* 


priama,  with  obliqne  terminal  Cues  (Taaqnelin),  of  Riedfic  Eraritr  4'^ 
B  r] ;  tastee  like  the  nitrate.  It  deflasratea  brightly  on  hot  oous,  and  wl 
th  solphnr.  detonatee    riolentlj  on  uie  alightest  preaaorei      Hydroehlo 
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itomorphous  witb  those  of  bromate  of  sodium.  Thej  dissolre  in  3  times  their  wrigfat 
of  cold  water,  and  in  a  smaller  quantity  of  boiling  water ;  also  ia  34  pts.  of  88  per  cent 
alcohol  at  16^  C.  and  in  a  smaller  qnantity  of  hot  aloc^ioL 

Chloratb  or  Stbomtium,  Sx^(ClO')*. — ^Prepared  like  the  barinmHudt.  Ciyi- 
tHlIises  in  deliquescent  needles,  or,  according  to  Wftchter,  in  large  pyremidal  ctystaLi. 
It  decomposes  at  the  same  temperature  as  the  barium-salt,  and  deflagrates  with  porple 
flame  on  glowing  coals. 

ChlobAti  of  Ubanivm. — ^Protoxide  of  uranium  dissolTss  in  chloric  add, 
forming  a  green  solution,  which  decomposes  spontaneously,  with  erolution  of  chlorine 
and  formation  of  uranic  chloride.     (Kammelsberg.) 

Chlobatb  ofZiito,  Zn'(C10*)'  +  6HK),  is  obtained  by  dissolying  carbonate  of  zinc 
or  metallic  zinc  in  chloric  acid,  chloride  of  zinc  being  also  formed  in  the  latter  case ;  also 
by  parsing  gaseous  fluoride  of  silicon  into  water  in  which  carbonate  of  zinc  is  suspended, 
and  boiling  the  filtered  liquid  with  chlorate  of  potassium.  It  crystallises,  appafently 
in  octahedrons,  has  a  yery  rough  taste,  and  is  soluble  in  water  and  alcohoL 

OBAWWtwriM  ■»  II  In  Syn.  with  Mokoohlobbthtlic  Ethbb.  See  Dran, 
OziDB  OF  (ii  643). 

OBXiOBBTlimsO  or  HTBBOOSXiOmiO  AOZB.  HGL^This  gas  iB  the  only 
known  compound  of  chlorine  and  hydrogen.  Its  solution  in  water  has  been  used  from 
yery  early  times,  and  has  received  the  names  of  apirit  of  aalt,  mwiatie  acid^  kydn* 
chloric  acid,  and  chlorhydric  acid.    The  gas  was  discovered  by  Priestley  in  1772. 

Natural  Sources. — Hydrochloric  acid  gas  is  evolred  from  Tolcanos  in  eraption, 
and  the  add  solution  is  sometimes  found  in  crevices  on  their  slopes.  It  exists  also, 
to  the  amount  of  1  or  2  pts.  in  a  thousand,  in  certain  riven  of  South  Americs 
which  have  their  source  in  volcanic  formations. 

Formation  and  Preparation. — 1.  Hydrochloric  acid  is  produced  by  the  direct  union  of 
chlorine  and  hydrogen.  A  mixture  of  the  two  gases  in  equal  volumes,  explodes 
violently  if  a  burning  body  is  introduced  into  it^  or  an  electric  spark  passed  through 
it»  or  if  it  be  exposed  to  rnrect  sunshine  (Gm.  ii.  319).  No  comftMnatioD  takes  placo 
in  the  daric,  but  if  the  mixture  be  exposed  to  diffiised  daylight,  the  gases  combine 
gradually.  Thus,  if  two  bottles  of  exactlv  eaual  capacity  and  fitted  to  one  aootber  hy 
grinding,  are  filled  by  displacement  with  ctilorine  and  hydrogen  respectiw^ly,  then 
adapted  to  each  other  by  their  mouths^  the  chlorine>ves8el  being  placed  uppermost, 
and  set  aside  for  some  honn  in  a  liffht  situation,  but  not  in  direct  sunshine^  the  gnen 
colour  of  the  chlorine  wiU  gradually  disappear  almost  entirely,  and  a  few  minutes' 
exposure  to  sunshine  will  complete  the  combination.  If  the  two  bottles  be  then  sepa* 
rated  under  mercury,  each  will  be  found  full  of  hydrochloric  acid  gas,  no  gas  escaping 
and  no  rising  of  the  mercury  taking  place  in  either  bottle,  showing  that  the  chloriiie 
and  hydrogen  have  combined  without  expansion  or  contraction.  If  a  jet  of  water 
tinffed  with  blue  litmus  be  thrown  up  into  either  of  the  bottles,  the  gas  will  be  rapidly 
and  completely  absorbed,  while  the  litmus  solution  will  assume  a  bright  red  colour. 
Any  bleaching  of  the  litmus  would  indicate  free  chlorine ;  any  unabsorbed  gas,  the 
presence  of  free  hydrogen ;  in  this  manner,  an  excess  of  either  gas  in  the  original 
mixture  may  be  detected. 

2.  Hydrochloric  add  gas  is  usually  pr^Mred  by  the  action  of  sulf^uric  add  on  fused 
ehloride  of  sodium.  There  is  at  first  a  copious  efiervescenoe,  whidi,  after  some  timcv 
it  may  be  necessaiy  to  revive  by  the  implication  of  a  gentle  heat.    The  reaction  is : 

NaCl  +  H»SO«  -  NaHSO*  +  Ha 

The  gas  must  be  collected  over  the  mercurial  trou^  as  it  is  rapidly  absorbed  by 
water. 

3.  Hydrochloric  add  may  also  be  produced  by  the  action  of  water  on  certain 
chlorides.  The  two  chlorides  of  phosphorus  are  decomposed  immediately  and  com- 
pletely by  mixture  with  an  excess  of  water,  with  formation  of  phosphorous  and  phos- 
phoric add  respectively,  thus : 

PC1«   +    3HK)    -   H«PO»   +   8HCL 
Pa»    +    4H«0    -    H»PO*   +    6HCL 

The  two  chlorides  of  antimony  are  decomposed  more  slowly.  Trichloride  of  biimiath 
requires  prolonged  treatment  with  water  to  effect  its  thorough  decomposition,  which, 
however,  takes  place  readily  at  a  boiling  temperature.  Stannic  chloride,  ervD  at  a 
boiling  temperature,  is  decomposed  very  imperfectly.  The  sesquidiloride  of  iduminium 
and  protochloride  of  magnesium,  &c.,  are  decomposed  by  steam,  with  evolution  of 
hydrochloric  add,  at  temperatures  considerably  below  redness: 

Al-Cl*     +  3H«0  -.  Al'O-   +  6HCL 
Mg"Cl»  +     H«0  =  Mg'O  +  2Ha. 
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rdrochloTic  acid  u  ■  eooMant  attendant  npon  the  din!ct  aCtioD  af  ehlmiM 
uu«l  Bubatuieea.  A  ■olatJOD  of  chlorine  in  vater  i>  converted,  when  expo 
into  hjdrochloric  and  hypoohlorora  teiAf :  CT  +  WO  -'  HCT  +  HCIO.  ChJoi 
f  dKompwKa  ndphjdric  add,  with  fbrmation  of  hjdrochloric  acid  and  lept 
idlphnr:  CI*  -I-  H*9  -  2HC1  +  S.  Phaaj)borett«d  and  anaDett«d  hjdrogsD 
decompoasd  by  chlorine,  with  fbmiBtioii  of  hjdrochlario  acid.  Hnmei 
oompo«inda  alio  an  decompoaed  by  chlnriiie,  ooe  portion  of  that  elen 
with  tha  whole  or  with  part  of  the  hydrogen,  and  an  eqnal  portion  taking 
tha  hjdngen  thna  remoTed :  t.  g. 


a  ignited  eb 

-  HCl  t  t 

rtiej. — Hydrochloric  add  ii  a  cdonrleai  gaa,  haring  a  Mrong  add  taate, 
at  iiritatdjig  odoui.  Ila  ipedllc  giarily  (alt  —  1)  ii,  according  to  the  de 
DofBiot  and  Gay-Lonac,  1-27;  bj  calcnlatioD,  it  ia  '  *—  ■  0-0693-1-1 
I  opaqnA  white  ftimea  in  the  air,  owing  to  ita  noion  with,  and  oondenaatdon  oC 
leno  moiBtiu^  la  perfectly  diy  air  Ui«m  fames  are  not  prodoced.  The  gi 
ly  aolnble  in  water.  When  a  flaok  of  diy  hydrochloric  add  ia  opeoed  ui 
liB  whole  of  the  gai  is  absorbed  in  an  instant,  and  the  flaak  not  OD&eqiie: 
by  the  nolenl  rash  of  liquid.  At  mean  temperature  (li°  C.)  water  diaao 
SS  times  ila  Tolome  of  the  gas  (see  Guoa,  Jjworptioh  op).  At  the  ten 
f  10°,  nnder  a  preaaure  of  40  atmoapherea,  hydrochloric  acid  ia  condensed  : 
leas  liquid,  havinga  speodEc  grarity  1-27.  It  has  neTer  been  solidified.  '. 
ric  aeiif  is  not  inHammabU^  sad  extiugaishM  moat  bnning  bodies,  bat  whi 
potaasiam  is  iatrodaced  by  meana  of  an  troa  wire  into  a  tnbe  ftiU  of  the 
I  OTer  mercury,  and  is  then  healfd  to  redneaa  by  a  spirit-lamp  applied  ei 
.  nndergoea  combustion,  unites  with  the  chlorine  snd  leaTea  the  bydroi 
>  erentujilly  found  to  occupy  exactly  one  half  the  toIobui  of  the  original  c 
K  -  Ka  *  H. 

ion  of  hjidrocUoTJe  add  is  nauolly  made  from  common  salt  and  autphnrie  i 
with  about  two-thirds  its  balk  of  walfir.  The  reaction  is  effected  la  a  re 
li  a  gentle  heat  is  applied,  and  the  erolTed  gaa  is  condensed  Id  a  Tease 
F  Troaela  of  distilled  water.    Tbe  eondenaiDg  Uquid  increases  condderabli 


id  may  erentnally  be  made  to  acquire  a  spedfic  ^rity  of  1-21,  nnder  wl 
[aocea  it  consiBia  (tt  one  atom  of  hydiochloric^nd,  HCl,  dissolTed  in  three  uL 
"•"  "  '  -■  of  hydrochloric  acid  haa  nsually  a  apecific  gravity  of  II 
atom  of  hydrochloric  add  HCl,  diasolTed  in  four  atom 


r,  H*0.     Solution  of  hydrochloric  acid  haa  nsually  a  apecific  gravity  of 
in  conaista  of  one  atom  of  hydrochloric  add  HCl,  ' '     '     '  '    ' 
VO. 

nerdsl  moriatic  add  it  made  by  beating  in  iron  cylindtra  two  proportioni 
I  salt,  with  aa  much  brown  sulphuric  add  as  containa  one  praportion 
i,  and  oondeosing  the  dvolred  gas  in  water  contained  in  a  series  of  stoDei 
bottles.     Tbe  reaction  is :  H-SO'  +  2NbCT  -  Na"SO'  +  2HCI.     For  det 


'tDieHunaryef  AtU,  Manufaclurti  and  Mi 
UCkinutginiraU,^'' iA.'    "'      " 


Fayen,  Fricit  dt  CUni, indtutn 


ly  pimfied  by  dilation  and  redistillation.  A  pure  solution  of  hydrochloric  i 
ly  colourleas,  bat  whfn  in  large  quantities,  has  a  Tery  pale  yellowish  green  I 
ght  yellow  colour  of  miscalled  puie  add  ia  generally  due  to  the  presena 
orint^  but  the  bright  deep  yellow  of  the  commercial  acid  rteulta  from 
a  of  ch'oride  of  iron.  The  introdnction  of  a  small  qnantity  of  organic  nul 
mtaet  with  a  cork,  will  likewise  impart  a  yellow  colour  to  hydrochlorie  i 

mg  solution  of  bydrodilorie  acid  erokea  fumes  on  exposure  to  air.  W 
it  giree  off  hydrochloric  add  gHi.  until  tha  temperature  slightly  exceeds  100< 
ler*  diatils  over  a  diluted  eolation  of  the  add,  haTins  a  speoiflc  graTity  of 
aistiiig  of  1  atom  of  hydrochloric  acid,  HCl,  dissolred  in  B  atoms  of  water,  I 
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From  the  ezperimenta  of  Roscoe,  howeyer  (Chem.  Soc  Qu.  J.  zui  16S\  it  MMSf 
that  the  oomposition  of  aqneoiM  hydrochloric  add  (and  of  other  aqneona  ados),  gkT 
constant  boinng  point,  varies  with  the  pressure,  ana  that  there  exists  for  each  prea- 
sore  a  corresponding  aqueous  acid,  whidi  undergoes  no  change  in  oompositioD  ^en 
distilled  under  this  pressure,  and  therefore  has  a  constant  boOing  point  In  table  A, 
column  P  shows  the  pressure  in  metres  of  mercury  under  which  aqueoua  hydrochloric 
acid  must  be  distilled  to  attain  the  composition  giren  in  the  next  column. 

Tabui  a. — Percentage  qf  HCl  in  aqtteoue  Hydrochloric  Add  boUing  under  different 

Preeeuree. 


p 

P 

Percentife 

P 

PoTMntaM' 

P 

Pvrcentam 

of  HCl. 

of  NCI. 

of  HCl. 

of  HO. 

006 

23*2 

0-7 

20-4 

1-3 

19-3 

2-0 

18-5 

O-l 

22-9 

0-76 

2014 

1-4 

191 

21 

18-4 

0-2 

22-3 

0*8 

20-2 

1-6 

19-0 

2-3 

18-8 

0*3 

21-8 

0-9 

19-9 

1-6 

18-9 

2-4 

181 

0*4 

21-4 

10 

19-7 

1-7 

18*8 

2-5 

18-0 

0-6 

211 

11 

19*6 

1-8 

18-7 

0*6 

20-7 

1-2 

19-4 

1-9 

18-6 

The  add  which  boils  constantly  under  the  TOessure  0*76  met,  and  contains  20-24 
per  cent  HCl,  is  the  hydrate  above  mentioned,  ttCl8H'0.  The  table  shows  that  the 
percentage  of  HCl  in  the  aqueous  add  of  constant  boiling  point,  diminishes  with  in- 
crease of  pressure. 

When  aqueous  hydrochloric  add  ia  vaporised  by  passing  a  current  of  dry  air  through 
it  at  a  given  temperature,  a  point  is  likewise  reached  beyond  which  no  deoompodtioii 
occurs.  In  Table  B  the  first  column  gives  the  temperatures,  the  second  the  percentage 
of  Hd  contained  in  the  add,  unalterable  at  the  corresponding  temperature. 

Tabli  B. — PW)entag$  of  HCl  in  Ajueoui  Hydroekhrie  Acid  of  constant  composiHon 

at  different  Ihnperaturee. 


TO 

PereenUn  of 
HCl. 

TO 

Pereentnsoof 
HCl. 

TO 

PercenUn  of 
HCL 

TO 

^cicoutwc 

of  Ha. 

(PC. 

260 

80°  C. 

241 

60«>C. 

230 

90OC. 

21-4 

6 

24-9 

36 

23-9 

66 

22-8 

96 

2M 

10 

24-7 

40 

23-8 

70 

22-6 

100 

20-7 

16 

24-6 

46 

23-6 

76 

22-3 

20 

24-4 

60 

23-4 

80 

220 

,26 

24-3 

66 

23-2 

86 

217 

The  specific  gravitv  of  aaueous  hydrochloric  add,  of  various  degrees  of  concentratioD 
has  been  determined  by  XJre  and  by  R  Davy.  The  results  are  ^ven  in  Tables  C 
and  D;  it  will  be  observed  that  the  specific  gravities  as  determined  by  Davy  are 
rather  lower  for  each  percentage  of  HCl  than  those  of  Ure. 

Tablb  C.'-P^'eentage  of  B.CI  in  Afueoua  HydrockUme  AM  at  VP  C.  (77^  F.) 

according  to  £.  jDaTy. 


8p.  Gr. 

HCl. 

8p.  Or. 

Ha. 

Sp.  Or. 

HCl. 

Sp.  Or. 

HCl. 

1-21 

42-43 

116 

32-32 

1-11 

22-22 

106 

12-12 

1-20 

40-80 

1-16 

30-30 

110 

20-20 

1-06 

1010 

119 

38-38 

114 

28-28 

1-09 

1818 

104 

808 

118 

36-36 

1-13 

26*26 

1*08 

16-16 

1-03 

6-06 

1-17 

34-84 

1-12 

24-24 

1-07 

14-14 

1*02 
1*01 

4-04 
2-02 
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CHLORHYDROPHENIDE  —  CHLORIDES. 


evaporating,  fint  oyer  the  water-bath,  then  in  vacno.  It  is  a  neutad  ofl,  having  an 
ethereal  ocbnir.  Specific  gravity  1*37.  It  boils  at  178°  C. ;  remains  quite  fluid  at  —  35^ ; 
bums  like  the  preceding ;  is  easily  decomposed  by  potash,  yielding  chloride  of  potas- 
mom  and  glycerin ;  mixes  with  e&er,  but  does  not  ibrm  a  stable  emulsion  with  water. 
Triehlorhydrin;  Trichloride  of  Glyceryl,  C*HK:i1>.— Prodmeed  by  the  action  of 
pentachlozide  of  phosphorus  on  dichlorhydrin : 

C"H«C1H)  +  Pa»  -  PC1«0  +  Ha  +  C5»HKa«. 

It  is  a  neutral  liquid,  much  more  stable  than  tribromhydrin.  Volatilises  at  about 
165^0.    (Berthelot  and  De  Luca.) 

Epicklorhydrin,  Oxyekloride  of  Olyeeryl.  G"HK^O.— Obtained  by  treating  di> 
ehlorhydrin  with  hydrochloric  acid  gas,  or  with  the  Aiming  add.  Neutral  oil,  re- 
sembling dichlorhydrin.    Diitils  between  120<>  and  130<>  0.    (Berthelot) 

Epidicklorhy drift,  Dicklaride  of  Glyeerylene,  0*HK71'.— Produced  in  small 
quantity  in  the  preparation  of  trichlorhydrm  and  bromodichlorhydrin,  probably  by  a 
secondary  reaction,  inasmuch  as  it  dirors  from  dichlorhydrin  by  HH),  and  from  tri- 
ehlorhydrin by  HCL  It  is  isolated  and  purified  by  repeated  fractional  distillation. 
Neutnd  Uquid,  volatile  at  about  120°  C.  Treated  with  moist  oxide  of  silver,  it  slowly 
reproduces  glycerin.    (Berthelot  and  De  Luca.) 

Dihromoehlorhydrin,  C*H*Br*CL — ^Produced  by  the  action  of  pentachloride  of 
phosphorus  on  dibromhydrin.  Neutral  liquid,  volatile  at  about  200°  C.  With  moist 
oxide  of  silver  at  100°,  it  slowly  reproduces  glycerin.  It  is  isomeric  with  dibromide 
of  chlorotritylene,  C*HH31Br*. 

Bromodichlorhydrin^  CH'BrCl*. — ^Produced  by  the  action  of  pentabromide  of 
phosphorus  on  dichlorhydrin.  Neutral  liquid,  volatile  at  about  176°  0.  Isomeric  with 
dichloride  of  bromotritylene. 

With  moist  oxide  of  silver  at  100°,  it  slowly  reproduces  glycerin ;  at  the  same  time, 
however,  a  small  quantity  of  carbonic  anhydnde  is  fontied  by  oxidation,  together  with 
eiystalline  scales,  which  i^pear  to  be  propionate  of  silver : 

C«H»Bra«  +  8HH)  -  C«H«0»  +  2Ha  +  HBr 

Oljrnrin. 

and  C«H»Bra«  +  2BP0  -  C>H«0«  +  2HC1  ^  B3r 

Propionic 
acid. 

For  the  AcBTOCKLOBBTDBms,  see  p.  26 ;  Benzochlorhtdriks  (p.  547.) 
CBXiOBSTBSOVBBWZBB.    Chloride  of  Phenyl.     (See  Phenyl.) 
OKXiOKHTDSOVXOTBZO  ACZB.    A  name  applied  by  Mulder  (J.  pr.  Chem. 
xvii.  316),  to  the  precipitate  formed  by  hydrochloric  acid  in  a  solution  of  albumin,  said 
by  Mulder  to  contain  8*7  per  cent  of  hydrochloric  acid.    It  is  probably  however 
nothing  but  albumin. 

CB&OBZBB8.  The  term  chloride  is  applied  to  all  compounds  of  chlorine  which 
may  be  derived  from  one  or  more  atoms  of  hydrochloric  acia,  H'Cl*,  by  the  substitu- 
tion of  a  metal  or  other  radicle  (which  may  itself  contain  chlorine),  for  sn  equivalent 
quantity  of  hydrogen.  Those  which  are  volatile  contain,  in  two  volumes  ci  vapouK> 
1,  2,  3,  &C.  atoms  of  chlorine,  according  as  the  radicle  with  which  the  chlorine  is  air 
sociated  is  mono-,  di-,  tri-atomic,  &c*,  thus : 

2  voL  chloride  of  ethyl,         CH'.Cl,      contain  1  at  chlorine 

sulphuryl,  (SOy.Cl*       ..        2 


If 


»» 


>f 


II 


It 


}( 


boron. 


fi.CP 


silidum,         SiCl* 


II 


II 


11 


•I 


II 


It 


Chlorides  may  be  conveniently  divided  into  the  following  groups,  each  of  which 
contains  compounds  derived  from  one  or  more  atoms  of  hydrochloric  acid. 

a.  M«tallle  Clilorides.  Chlorine  combines  with  all  metals,  the  number  of 
chlorine-atoms  in  the  resulting  molecule  varying  from  1  to  6. 

a.  Chlorides  unth  one  atom  of  chlorine,  formed  on  the  type  of  a  tingle  molscule  of 
hydrochloric  acid,  namely,  Monochlorides,  HCl,  or  Protoehlorides,  MCL — The 
metals  which  form  monochlorides  are  the  alkali-metals,  silver,  gold,  and  thallium. 
The  monochlorides  are  all  soluble  in  water  except  that  of  silver,  which  is  quite 
insoluble.  Monochloride  of  gold  is  completely  decomposed  at  a  red  heat  The  other 
monochlorides  melt  when  heated ;  and  tnose  of  the  alxali-metals  volatilise  unchanged 
at  higher  temperatures. 

•  ir.  howrrer,  the  radicle  contilns  chlorine,  thi*  stHtement  muft  be  underttooa  m  apptjing  only  to  cb« 
portloa  uf  chlorine  which  U  not  thu«  included.  «od  if  removable  by  water  or  bj  aqueous  poUM  i  for 
exftmple,  3  toIs.  chloride  of  trichloracetyl,  CCPO.Cl  conbdn  4  atoms  of  chloriae;  but  only  oocof  tbese 
is  remoTable  by  wafcrr,  the  compouDd«.trealed  with  water,  yielding  hydrochloric  add  and  trichloraoeos 
acid  (CSC1«0.C1  -*•  H<0  —  HCl  -i-  ^USQ.U.O). 
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Ttda  Kttk  ttn  alomi  of  Momu./irrnud  on  dit  ij/pt  H'Cl',  oamglj,  Di- 

91.  WCl*.  and  DimBCallio  PcotochlorideB,  (M')''a'.— The  met&li 
m  dichloride*  u«  bariuni,  atioutiam,  calcium,  cciiom,  Uathanum,  didjmium, 
,  thorJDani,  magaeaium,  aac,  cadmiam,  aickal,  cotnlt.  iron,  muigansw, 
I,  lead,  ooppeF,  merciu;,  platinam,  palladium,  Damiiuii.  ralheainm,  moljb- 
.nd  TanodiDin,  TheH  chloridM  ara  all  solubls  in  water,  except  that  of 
The  dichloridea  of  platinam,  palladium,  and  ranadinm  an  deoampoHd  bj 
I  othen  melt  vbea  heated,  and  TolatiliM  oachanged  at  higber  lenpentOM. 
1  dlchloridea  are  oleettoljtie. 

llic  protocUoridea  an  fonnsd  Only  by  copper  and  meiciuy,  tiro  atome  of  the 
metal  being  joiaed  logethei  bj  one  unit  of  afSnity,  ao  u  to  fonn  a  biTalent 
'.  (Hg  — Hg)  CI'.  Theee  ehloridtia  are  inaoluhle  in  watec,  and  nndor  ceitain 
neea  bsTB  a  tandenej  to  aplit  np  into  metal  and  the  dichloride:  Ca*Cl*  ~ 

a*. 

■ridn  mik  three  alomi  of  cUohiie,  firmed  an  tin  tj/pe  H'Cl'.  namclj,  Tri- 
t;  H"C1'.— The  metali  vhich  form  Iriehlbridg*  are  antimony,  arssnie, 
gold,  molybdenum,  thallium,  ranadhim,  and  probably  iadium.  The  trichlo- 
golil  and  thallium  are  decomposed  by  heat ;  the  reat  TolatJliH  unchanged, 
iloridea  of  antimony  and  biemuth  are  Terj  fnmbls  eulidi:  tnchlonds  of 
i>  known  only  aa  a  OTatallme  hydnu ;  tha  mt  are  liquidi.  The  Tolatils 
ea  an  dacompoead  by  water,  yielding  hydrochloric  acid  and  an  oiychloride. 
Tida  uritifour  alomt  of  cUorine.  formtd  o»  the  type  H'Cl',  namaiy,  Tetra- 
tt. — Theae  ara  formnl  by  tin,  titanium,  Tsnadium,  lirconium,  und  all  the 

metali.  exeapt  rhodium.  The  fint  three  an  volatile  liquids,  the  rent  are 
he  general  behaTioor  of  these  chlorides  shows  that  two  of  the  chlorine-atoms 
led  leea  forcibly  than  the  other  two.  The  tetrjuhloridaa  of  lln,  titanium,  and 
uum-metala  ara  aoluble  in  water;  those  of  liiconium  and  Taoadiiun  are 
ed  by  wal«. 

ride  wilk  five  etomi  eiloriiu. — Fentsehloride  of  antimony,  SbCl*.  Tolatils 
composed  by  water. 

ridti  iBithnxatonuofcUoriiie,form»i  on  Ukitypea'Ci',  namely,  DiiHttallit 
•idei,  (H')''.C1*.  In  these  chlorides,  two  stoma  of  a  tatiatomie  matal  an 
as  to  form  a  ■exralent  gtoiw  :  e.g.  (Fa  — Fa)".Cl*.  Tha  matale  which  form 
I  aluminium,  cerium  (7).  chromium,  manganaie,  iron.  The  cerinm  and 
le  compounds  are  known  only  as  hydrates ;  aluminie,  chromic,  and  fenio 
are  fusible  and  Totatile  aoUds.  Thsy  an  all  aoluble  in  wator. 
lien  ef  Mttailie  CjUnrutu.— ChJoridea  an  gBnerallj  pnpared  by  one  or  other 
illowing  prooases.  a.  By  acting  npon  the  metal  with  chlorine  gw.  Thia 
I  freqnenUy  employed  for  tha  prapBtationof  anhydrous  chlorides.  Thspenta- 
^f  antimony  and  protochloride  of  copper  an  examplfn  of  chlorides  somptimcs 

in  this  manner.  The  chlorides  of  gold  and  platinum  an  usually  pnpared  by 
wn  the  matala  with  nascent  chlorine.  dcTcloped  by  the  mutual  action  of 
)ric  and  nitric  adds.  Sometimea,  on  the  other  hand,  the  metal  is  in  a  nascent 
when  tjtanic  chloride  is  tbrmed  by  paaaing  a  mrrcnt  of  chlorine  orer  a  heated 
if  ehiKOal  and  titanic  anhydride.  The  chlorida  of  aluminium  and  chrominD) 
btained  by  alnular  pnK«egeB. 

orine  gas,  by  its  action  upon  metallic  oxides,  drives  out  the  oxygen,  and 
th  the  respective  metals  to  form  chlorides.  Thia  reaction  sometimea  takes 
irdinaiy  tempentnies,  as  is  ths  case  with  oxide  of  w" 


ny  meUUiE  chlorides  an  prepared  byacting  npon  the  metals  with  hydrochloric 
inc,  l^Bdmium,  iron,  oidiel,  cobalt,  and  tin  dissoWe  readily  in  hydrochloric 
h   liberation  of  hydrogen ;  copper   onlj   in  the  atrotg  boiling  acid ;  silver, 

palladium,  platinum,  and  gold,  not  at  all.  Sometimn  the  melal  is  aubati- 
t  for  hydrogen,  but  for  some  other  metaL  Stannons  chloride,  for  inatanee,  is 
y  mads  by  distilling  metallic  tin  with  mercuric  chloride,  thus :  HgCl'  -t  Sn  — 

Hg. 

the  oildfl.  hydmto.  or  carbonate  of  metal  may  be  dissolved  in  hjdioehlorio 

1  this  way  Uie  hydnted  dicUorids  of  copper  and  trichloride  of  iion  an 

Cuo      4-  2ea  -  H'o  +  cua*. 

Fe-H-O*  +  6HC1  -  8H'0  +  Fe'Cl*. 

eroxide,  tbe  reaction  ia  accompanied  by  an  svolntion  of  chloriM,  thu : 

PbO'  +  »HC1  -  2H'0  t  Pba*  +  d'. 
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'  compounda  ma;  be  rcg&rded  u  derived  ftom  *  moUciiIe  of  tri-  or  penti- 
an?iii(r  or  antimonj  hy  the  anbatlCution  of  an  alcoliol-ndicle  for  an  eqniw 
ty  of  chlorine  (pp.  889,  3B7,  *I1). 

rldaa   or  Aloo&ol^tadlalm.     HydroeUorv:  or  CUorAt/dric  Etherl.— 
pound*  ma;  b«  regarded  as  derived  from  hjdrochloric  wdd  in  ■  dlnilar 
the  meUllic  c^hloridea,  or  from  the  eorreaponding  ■Icohols  bj  Uie  snbstitntion 
for  an  equivalent  qii»ntity  of  peroiide  of  hjdrogeji,  t.g,: 
hlorideofethvl,        CH'.Cl    ftom    EthyUo  alcohol,     (7H*.H0 
hloridaofefhjlene,  OB'.Cl'      „       Oljcol,  CH'.fHO)* 

hloride  of  glycecjl,  C'H'.CI*      „       Oljeerin,  C'H'.iHO)' 

tonalmiuc  aicokolK  cUoridn  are  obtained : 
idion  of  hydrochloric  add  on  the  alcohola : 

C^'.H.O  +  HCI  -  HK)  +  CH'.Cl. 
•ction  of  the  chlorides  of  phoaphoma,  or  of  oiychlorid«  of  phoaphomi^  on 

3((?H*.H.O)  +  pa*     -  HTO"  +  SCffa. 

3(C?H'.ao)  +  PCIK)  -  HTO'  +  3CHK3L 
action  of  chlorine  on  the  coireeponding  hydridea.     This  raa«tion  haa  been 
nlv  in  the  case  of  hydride  of  benzyl  (p.  S73). 

eMorid««  are  liquids  more  volatile  than  the  ooirraponding 


CHHn  +  KHO  -  KCl  +  (?H'.H.O 
Kenlly  prepared,  they  do  not  precipitate  nitrate  of  ailver  immediately ;  but 
ere  heated  with  it  in  aealedtabe^  a  ahnrpredpitation  take*  place.    Sodiom 
1  temceraturef  detwiopaaea  them,  «ith  formation  of  chloride  of  lodiiim  and 

aC*H"Cl  +  Na'  -  2NaCa  +  (?H".CTe". 
ciiiorid.or  oa,\. 

tX  be  applied,  the  iodinm  asnunca  a  violet  tint  and  nrell*  up  cmuiderBbly. 
1  then  hecomca  hot ;  hydrogen  ia  evolved ;  the  violet  colour  dia^ipean ;  and 

ting  of  cMoride  of  •odium  and  an  oil,  which 

Uins,  with  chloride  of  octyl : 
2(t?H".Cl)  +  Ha'  -  2(CH'*Na.a)  -t  HH 
CH"N».C1    =    NaCl   +   CH". 
Violet  lubiuiice.  0(t|l«*. 

'  violet  lubatance  ia  pradaeed  by  the  nmoltaneona  action  of  chlorine  and 
I  deflate.  It  quickly  torn*  white  in  contact  with  the  air,  yielding  aoda  and 
if  Bodinm,  asd  ia  quickly  decomposed  by  water,  alcoi^ol,  and  otljar  liqoida 
;  o^gm  (Bonii,  N.  Ana.  Chim.Fhys.xliv.  114).  A  aimilar  violet  subatanc* 
by  the  action  of  potaasinm  on  chloride  of  phe^L 

diatomic  alcoholic  chlaridtM  are  prodaccd ;  1.  By  the  direct  nnion  of  ehlrains 
coireapoiidiDB  diatcmio  hydrocarbone,  e,g,  chloride  of  ethylene,  eUorida  d 
ftc. — 2.  By  the  action  of  pentachloride  of  phoaphomi  on  the  eoimponding 
I.J.: 

CH'.H".0'  +  2PC1'  =.  CR'CP  +  SPOCl'  +  2HCL 

Oljrcvl.  ChUiildi  or 

rira  of  these  chloridea  are  known,  containing  the  radicles  OH>,  bomolagoaa 
tens,  and  OH*''*,  homologous  with  beozylene. 

.oridea  OHMH*,  are  liquid^  for  the  moat  part  volatile  vithoitt  deeompontian. 
deeompoaed  by  ehlorme,  yielding  substitution -prodoeta.  Heated  wtth  lir 
otaab,  they  yield  ehlorida  of  potassium,  and  the  chloride  of  an  aldahyda- 

CTH'd'  +  KHO  -  (TH-Cl  +  KO  +  HS). 

le  of  potasaium  simply  convert*  them  into  solphides  of  diitomie  alaobol- 

cm'CP  ♦  K^  -  2Ka  +  c'H'a 

ith  ammonia  in  sealed  tubes,  they  s^jwar  to  yield  the  same  product!  at  the 
din^  btomidet,  vis:  diamines  containing  I,  2,  or  3  aL  of  the  radidea  Q^H^ ; 
gactioDB  hive  not  been  >o  much  examined  as  those  of  the  hn>mid<a,  (Be* 
M'Bana,  p.  19S :  also  ETHTi.Em-BAsia.) 


8fW  CHLORIDE  i 

The  i?lt1orid«  OH^-K;!',  are  also  volatile  liquid 

alcoholic  potaeh,  the;  yield  chloride  of  poUaaiam 

beDtflene  pelda bitter-almond  oil.    (Wicke.  Ana, 

(TB'CP  +  KHO  -KCl  +  : 

AmmoDia  hmted  irith  chloride  of  beniyUne  i; 
(Wicke).  With  alcoholic  nilphide  of  potaaainm, 
rides  Uat  mentioned,  pelding  diatomic  aulphidea. 

7.  Of  triatomit!  alooliolu:  eUoridei.  on!]'  one  ii 
trichlorhydrin,  (C*H')"CI',  which  ia  produoed  hj  1 
phoraa  on  dichlorhjdrin,  (CH*)"^,?.   (See  CaxctB 

4.  OUorUea  of  Aia»hra»-»*dlcl»»f— Thi 
general  form  C>H'*-'C1.  iaomeric  with  the  monod 
t.  g.  cUoride  af  ainyl,  CH^.d.  with  chloreth jlene,  ( 
action  of  alcoholic  potaah  on  the  chloridn  of  the  dial 
time*  alao  by  that  of  oijcUaride  of  carbon  on  tlu 
aldehtde,  C*H'0  (Harnittkj,  p.  107).  It  U  pr 
tainM  In  treituig  the  aldehydes  with  peatachloi 
isomer  of  bntjlic  aldehyde,  yields  when  thus  treat 

These  cbloridas  are  volatile  liquids,  except  chl 
ordinary  temperatures.    Chlorine  oonverts  them  in 

5.  CUorldea  of  AbM  MadlolM.— These  00 

hj  the  sobstitotioii  at  efaloriiM  for  peroxide  of  hyd 

Chloride  of  acetyl,         CHK).a    from    1 

Chloride  of  lalphnryl,    (SO^'.Cl'      „       ! 

Chlorideof  phaaphoryl,(PO)''.Cl*      „      I 

a.  MoaatomiB  acid  ehlonde*  aM  tnostly  derivi 

01^  inoqpnie  eompaundi  of  this  dam  m  Jgdrac 

NO.OI,  fnidnoed  by  the  direct  combination  <^  chl 


theaetian  of  oxToblorids  of  pboqthona  on  mtratao: 
+  81)0*01,  orbvthr  action  of  chlorbydroanlpbnrj 
-  SO*a  +  ZHSO'.  Free  chlorine,  aCl,  may 
sponding  to  hypochloroni  add,  CLHO. 

tlie  dilorides  of  monatomic  argaaie  acids  are  c 

rtdee  of  phoephoms,  or  of  tha  oiychloridc,  on  the 

CH'O.H.O  +  PQ'.Cl'  -  C^-O.l 

ni  cf  trichloride  or  oiychloride  of  phoaphonia  on  1 
3(C'H'O.K.O)  +  PCl-O  -  K'P< 


u  by  the  action  of  chlorine  on  the  co 
CH^.H  +  a*  -  CffO 

They  are  mostly  fdming  volatile  liquids  (chlori 
rmnaikahle  for  the  facility  with  which  they  are  d 
tives  (alcohola,   alkalia,  alkaline  salts,  &c),  ant 


Water  tranaJbmu  them  into  hydrochloric  add  a 
CHKJ.Cl  +  H»0  -•  HCl  ^ 

CblirMecf 
a«jl. 
mth  alkalis,  in  like  manner,  they  yield  the  alkali 
and  with  alcohols,  compound  ethers  : 

0^*0.01  +  i?B'M.O  -  Ha 


CHKJ.Cl  +  CH^J.K.0  - 


CHLORIDES. 

lOnU,  n  wAotMt  ol  uataotdaia.  tbcj  jidd  pciaiK^  amidM : 
C'H-O.Cl  +  NH"  =  Ha  +  SJ3}.CVH>. 

ompaand  «"""""'"  they  jield  alkalamidcs : 

CH'O.Cl  .  K.H'.O^'  -  Ha  +  N.H.O^'.C'H*0. 
ChJorkb  of  Phnr-  nnjUxnHBldh 


hlorido  of  cwbonjl  (phoggene) VCOJ'.CP 

hlorideof  mlphnirl (SO'J'.Cl' 

Uoride  of  succiiijl (OH'O'J'.Cl' 

i«  of  th?  TsponT  of  tbeu  chlondM  eonbun  2  fttom*  of  ehlorina  optble  of 
into  a  metallic  chloride  bj  Uie  action  of  a  minBnl  alkali. 
e  obtained  by  the  action  of  pentacMoiide  of  phoaphonia  on  dibanc  acidi  or 
I,  the  reaction,  aa  ahown  bj  Williamaon,  eoniiitin^  of  two  atagcs,  the  flnt 
>  IhefiwinatiaDof  •ebloriattedadd,  thewoond  in  that  of  a  dhloiide,  e.g. 


(S0T( 


K  PCl'.CT  -  (SO")"  |g"  +  HCl  +  POCl'. 


I  of  mlphurjl  and  chloride  of  carbonjl  an  alio  fi»med  bj  the  dicMt  oombi- 

ihlorilM  wiu  the  radielea,  onder  the  inflnenoe  of  light 

tomio  acid  ehloridea  are  liquid  at  ordinaij  tempentnna,  with  the  exception 

e,  which  ia  gaseoni.    Then  nactioaa  an  omilar  to  those  of  the  moaatoimc 

^Huo  Jeid  ChioridtB,  eorreipooding  to  tnbaaie  acdde,  and  containing  in 
ea  of  Taponr,  3  toL  chknins  capable  of  Mnrenian  into  a  metallic  chloride 
ion  of  an  alkalL    Such  are : 

chloride  of  phocphorna PCI* 

oride  of  phoephoiyl  (o^diloiide  of  photpbon*)    .        .         PO.CP 
orido  of  Bnlphophospho^l     .......  PS.C1* 

orids  of  boron B.Cl' 

oride  of  ejanogen  {Mlid) {CH;^.C1* 

iridea  of  aisenic  and  antimonv  mnat  aleo  be  regarded  aa  acid  chlorides.  The 
ompoond,  eommonl;  called  chloride  of  nitrogen,  ii  perht^  alao  a  tiiohlo- 
;  bat,  ifcording  to  some  anthoritiM,  it  eontaina  bydrogm. 
^orida  are  produced,  for  the  most  part,  bj  the  direct  action  of  chlorine  on 
t.  Cbloride  of  phoiphaiTl  ia  prodaced  by  the  action  of  water,  and  of  varion* 
lofwater,  onthepentachIoride,PCl*  +  H<0  -  SHCl  +  POCl' ;  and  chloride 
boophorrl,  in  like  manner  by  the  action  of  lulphrdrie  acid  <m  the  pmta- 
AU  these  componnda  are  decomposed  by  water  and  its  deriTatiToa  in  the 
ler  aa  the  mono-  and  di-atomi«  dlkiridcB,  yielding  acida,  aalta,  and  compound 
«t  of  them  onite  with  numatomic  metallic  chlorides,  forming  double  ehloridee. 
tomie  Acid  CUeridei,  contaiidng  4  at.  chlorine  in  2  Tola,  of  Tspoot.  Some 
itomicmetaUiedbloridMareof  Midchaneter.ni.  SnCI'sodTiO*;  cbloride 

SiCl',  iaalso  tatntAmic  The  onlYORoniecompoiuid  of  this  class  is  teti*- 
carbon.  CCl'(p.76e).    In  these  cUoiides,twoof  the  chlorine-atana  are  re- 

forcibly  than  the  other  two. 

toaiie  Jeid  Chloiidfi,  —  Two  only  of  these  oomponnda  are  known,  Tii.  PCI* 
They  are  both  volatile,  bnt  the  an^monie  chloride  avSet*  partial  deoom- 

the  same  time.  To  each  of  these  chloiidea  there  is  a  corresponding  lii- 
nd  their  general  relations  indicate  that  two  of  the  chloiine-atoma  are 
■a  forcibly  than  the  other  three, 

it  of  waler,  thej  yield  hydrochloric  acid  and  an  oijchlorfde,  t.  g. : 
pa*  +  HK)  =  2HC1  +  PCIK), 


9S«9  OD  uid  ma;  be  lued  for  (he  prepantiou  of  cliloratM  or  hjpochloritca. 
B  of  mdd  BDlplikte  of  aodioiD.  left  by  the  letion  of  the  sobiliiine  icid  en  tba 
nitre  uid  talt.  remaiiiB  liquiii,  nod  loaT  bs  ron  off  into  ■  fiaoaer  and  baatad 
litional  qmuititj  of  aalt,  prodnciDg  h;<todi]orii;  Kcid  aod  ntntral  ■olphlte  ol 
licb  lut  maj  be  card  in  thp  manufactare  of  sods.  {Traili  de  ChimUgi»i- 
ilovie  tt  Ftlmy.  3—  id.  L  414.) 

ins  it  tlio  liberated  by  the  simple  .nedonof  ■  red  heat  apOD  certain  ehloridea, 
»e  of  psllmdiiim,platiQani,  and  gold,  thug :  PtQ' =  Pt -r  C!^    Prntacblaride 

i,  SbCl*,  breaks  up,  when  gentlj  heated,  into  triehloriile  of  aiitimonj,  SbCI*, 
innt,  G';  and  in  like  manner,  the  trichloride  of  gold,  AuCI*,  breaks  up 
htoride  of  p^ld,  AuCl,  and  free  chlorine,  O*.  Morcoier,  chlorine  gu  fra- 
ulte  irom  (he  decotnpoeition  of  ita  oxidised  eompoanda. 
•#,— Chlorine  has  a  ^llowiah-green  colour,  whence  ita  name  {x>'^V^\  "id 
irritating  BDielL  It  u  irreepirable  unleaa  vei;  much  dilated.  It  ii  one  of 
rt  iDhBtuaces  that  are  gaseooa  at  eommoa  tentperatorea,  being  3S^  times 
in  hydrogen,  and  2\  time*  heavier  than  atmonpheric  air.  By  a  preamie  of 
phcriv,  at  mean  temperature  IBS" C..  it  ia  condeoied  into  a  yellow  mobile 
ii^  a  specific  grarily  1-33.  It  haa  resisted  all  attempta  at  aolidificstion.  At 
mperaturea,  water  diaaolTea  about  twice  ita  Tolnme  of  chlorine,  fonnins  a 
lichhaa  theeolonr,  smell,  and  general  chemical  properti«a  of  the  gas.  At  low 
es.  water  disaoltea  a  atill  greater  proportion  of  chlorine,  and  at  Uie  tempeia- 
■  definite  hydrate  of  chlonne,  C1.SH<0,  OTStalliMS  ouL  If  this  hydnte  ba 
med  in  a  sealed  tube,  it  will,  at  a  lemperature  ti  3B°  C.  deoompoa^  into  n 
Iter  Boating  over  a  layer  of  liquid  chlorine.  This  tiqnid  chlonne  may  be 
illed  ofll;  and  condensed  by  meenn  of  a  freezing  mixture  at  the  other  eztremilT 
i,  which  ia  usnally  bent  toi  this  purpose  at  an  obtose  angle. 


riTca  origin  to  many  phe- 


e,  and  doea  not  ontte  directly  with  oxygen  under  any  drci 

mperatorea,  chlorine  combines  directly  with  all  the  nitlaU,  with  many  toa- 

ch  as  J^ngm  and  DAaifNtonts,  and  with  maur  cumponnd  bodien,  such  a* 

OHiydHdt,  BO',  ob^l  gat,  C^H',  bmene,  CH*,  and  carionic  oxide,  CO. 
with  pfaoBfAoma,  and  with  finely  divided  arsenic,  antimony,  tin,  or  copper, 

witli  the  phenomena  of  comboition.  At  increased  temperatnres.  chlorine 
■ith  many  other  BahatAnees,  sneh  ■■  ndfkur,  tdeniiaii,  oonm,  and  tilicon. 
been  made  to  combine  dinetly  with  ci^6im.  When  ordinary  oombnstible 
tabling  carbon  and  hydrogen,  snch  as  pHMr,  wood,  wax-taper,  &c.,  are 
i  immened  in  a  Teasel  of  chlorine,  the  combnstion  continues  chiefly  at  tlie 
the  hydrogen,  which  fijnDS  hydtoi^oric  acid,  while  the  carbon  ia  deposited 
black  amcAe.  Freriona  ignition  of  the  hydmcarbonised  substance  ia  not 
easary  to  indoee  these  phenomena.    Paper  dipped  in  oil  of  tnrpentine, 

plnnged  in  a  Tsssel  of  the  gas,  takes  fire  spontaneonal;,  yielding  abundance 
\arw  Mid  and  earbon. 

dtsplaeea  bronunr,  iodint,  and  jtuorine,  bom  their  combinations,  by  eqoiva- 
lution.  Free  iodine  atrikea  a  deep  bine  oolonr  with  starch;  and  when 
fier  dipped  in  iodide  of  potassinm  ecdntion  is  bron^t  into  contact  with 
is  iodine  ia  liberated  bj  the  chlorine,  and  the  eharacteriatie  blue  iodide  of 
need :  KI  +  CI  •■  Edl  +  L  Chlorine  also  displaeea  igdrogen  by  cqoitalent 
1,  one  half  of  the  chlorine  taking  the  place  of  an  eqniTalent  qoanti^  of 
vhila  tlie  other  half  nnitea  with  the  hydrogen  eliminated: 
CH-S)"  +  a*  -  C"H"C10'  +  HCL 


metal,  acts  indirectly  aa  an  oxidising 
is  exposed  to  the  action  of  sunlight,  we  hare 
•  3BC1  +  0.  Again,  when  fiunc  hydrate,  suspended  in  solution  of  hydrata 
ni,  is  treated  with  chlorine,  we  hare  prodneed  forric  and  hydrodilorie  acids, 
b  with  the  alkali  to  form  potasdnm  aalta: 
II  O  +  Fe"HK)'  +  CI"  =  H*0  Je-K)*.  (U.  ffFa'K)')  ■*  SHCl. 

Prmc  F»rr« 

destroy  the  Colour  of  most  oiganic  pigments.    Thia  bleaching  aetioo  ia 
ompanied  by  oxidation  and  substitution,  thns : 

(TH'NO  +  HK)  ♦  a-  -  CH-CINO*  +  IHCL 

Isdiio.  Chlorlulia. 


CHLORINE:  DETECTION. 


in  the  free  ftate  in  recognised  b;  ilB  mfibcating  oc       .        ,  „ 

ling  ■edon  vhich  it  exerts  on  litmus,  indigo,  and  ather  T^atAbls  colonra,  and 
line  ooIoDi  which  it  prodneeawitb  ttmixtnieof  atorch  uid  iodide  of  potumom. 
nu  w>lutioD  exhibiCs  the  ume  charact«ra. 

hloric  acid  and  aolutionB  of  metallic  chlorides,  eitlier  nputnl  of  iligbtl; 
i  with  nitric  idd,  gire  with  nitrale  of  tilter,  an  immcdUte  white  curdy  [we- 
f  chloride  of  mlver,  inioluble  in  hot  nitric  add,  earilj  soluble  in  ammonia ; 
I  nitmtf,  a  white  curdj  precipitate  of  merouooa  chloride  (calomel] 
acid  and  in  ammooia,  and  tuned  bUck  b;  ammonia  Both  them 
imclj  delicate.  SolatioaB  of  cbloride  of  eodinm  of  varioiu  degreea 
ith  nitnite  of  silver  and  mercoroat  jiitrata,  the  reaction!  indiait>'d 


Slight  precipitate. 
Tnrtndi^  after  a  few 


Very  alight  turbidity.  Voy  alight   tnrUditf 

Veiy  faint  optlaeemx.  Opaleecence  after  some 

Scarcely  perceptible 


olution  of  aal-ammoDiac,  the  ailTer-aohition  behavee  in  a  limilar  manner,  anti 
^rceptiblectmui.  even  with  3,200.000  pte.  of  water;  with  the  mercoRnu  Mln< 
reaction  ceawfl  to  be  perceptible  with  400,000  pt*.  ofvaterto  1  pt.  ofchlnim 
BDe,  J.  Chim.  m^  viii.  618.) 

It  Balte  wLich  give  with  silver-solutioB  a  predpitata  reeemhlins  the  chloride 
iidei,  iodidea,  and  cyantdea  Either  of  wese  aalts  ia  ea^y  detected  it 
of  a  chloride,  vii.  hromides  and  iodidea  by  the  eoloun  of  the  bromine  and 
hen  set  free,  and  by  their  reaction  with  gtarch-paite ;  cyanidea  by  tlu 
I  of  Prussian  bine  with  ferroso-ferric  aalta ;  but  the  detection  of  small  qnan- 
chlorine  in  presence  of  excess  of  either  of  the  other  salts,  preaanta  ajreata 
Bromide,  iodide,  and  cyanide  of  sUvsr  are  all  isaolnble  in  cold  nitnc  add, 
I  or  lesa  soluble  in  ammoma.  Iodine  is,  howersr,  completely  preeqniated  hj 
'  palladiiun,  which  does  not  precipitate  chlorine :  conseqnsBt^  the  diloiiiM 
[elected  by  adding  nitrate  of  ulver  to  the  flltrata.  The  bert  node  of  detect 
all  quantity  of  a  chloride  in  presence  of  excess  of  bromide,  is  to  distil  thi 
la  with  aolphuric  acid  and  add  ehromata  of  potasdiun,  and  pass  the  evolre^ 
in  into  ammonia :  if  chlorine  is  present,  ehlorochromic  add  will  be  evolved 
iqnid  will  be  coloured  yellow,  &om  fbrmation  of  chnmate  of  ammoni"  '  ' 
eolourieee.  Cyanide  of  silTor  ■ 
■  ■       ■'       '  -'    ehybea 

greater  number  of  metallie  chlorides  are  aolnble  in  water,  the  method  ota^ 
1  by  nitrate  of  silver  may  b«  apfdied  to  them  immediately.  Cnprons  ehlO' 
1  many  oxychloridns  which  are  insoluble  in  water,  dissolve  in  nitric  add 
dilorine  contained  in  them  may  then  be  detected  in  the  same  manner.    Ozy 

of  chlorine,  viz.  the  hypochlorites,  chlorites.  chlorates,  snd  perchlo- 
ve  off  their  oxygen  when  heated,  and  are  redumd  to  chlorides :  the  redaction 
;  in  the  case  li  perchloratea,  may  ahw  be  efifeetad  by  solphnrans  acid.  Thi 
es  of  phosphorus  and  other  non-metallic  elements,  are  decomposed  bj 
tiding  hydrochloric  add,  in  which  the  chlarine  may  then  be  detected  by  nitrati 
The  chlorine  in  organic  compounds  is  for  the  most  psft  not  imme' 
redpitatad  by  nitrate  of  silver,  only  indeed  when  it  may  be  said  to  exist  ai 
]ric  acid,  namely,  in  combination  with  oiganic  bases ;  from  other  organic 
Is,  as  the  chlorides  of  the  alcohol-  radides,  and  the  nnmerous  class  of  com- 
n  which  chlorine  takes  the  place  of  hydrogen,  it  must  first  be  separated 

ignition  with  lime,  or  by  heating  the  compound  with  nitric  add  in  a  sealed 

226,  2*7). 
antitalive  Eitimatioti.  —  Cblorme  is  alws^  estiniated  as  chloride  o: 

If  not  present  as  hydrochloric  acid  or  a  metallic  chloride,  it  must  be  redocec 
itate  by  one  of  the  methods  just  indicated.  The  solution  is  then  slightlj 
d  with  nitric  add  in  the  cold  (the  application  of  heat  to  the  add  solntior 
ive  ofi*  part  of  the  chlorine)  ;  nitrate  of  silver  is  added  in  exceas ;  and  thi 
3k  1 
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anti^  of  chloride  of  oItbt  thereiii;  and  2174  per  cent  i> 

at  of  eUorin«  Knght. 

lod  of  ertiimting  cUoriae  in  | 

lorine,  bronuoe,  ud  iodine  o 

>f  pttllndiuin  (mc  lomaa),  and  in  the  flltnte  the  chlarii 

■*  iboTe.    Or  ths  thne  elamenti  nuj  be  wponted  and  n 
hod  (p.  878). 

lie  Wtight  q/ Oklorint. — ^nwmtomiovcightof  cUorinevudetermiiinl 
ing  (Ann.  Ch.  Phji.  [2]  zcL  102)  in  conDeclion  with  thoae  of  lilTsr  and 

and  tlie  lune  method  has  been  unied  out,  with  verj  neailj  aceocdant 
HariBnae  (J.  pr.  Chem.  -tii.  372 ;  *"".  Ch.  Pharm.  iUt.  14),  Pcddj 
la  lS89,p.  iad),HBUmen'i(Aiii].Ch.Phj&[3JiTiiL11;  Aaii.Ch.Fhann. 
nd,  laatlj,  bj  Slaa  {Btchtrtha  tur  lr»  BapporU  riciprojun  tUt  ¥oid* 
Bnizellea,  1860).  The  Kiita  of  aperatioQa  iaaafbllawa: 
ate  of  potunmn,  KCIO',  when  heated  to  rednni,  gjree  off  all  ita  oi}-g«D, 
ohdeofpotaauum,  whence  the  atomic  ireiglit  of  chlarida  of  potaiaiaia  com- 

that  of  oxjgea  i*  known. 

■t  chloride  of  potavinni  Uirom  down  1  at.  of  ailTor  from  ita  aoIndonB,  the 
ion  of  the  qnantity  of  diloiids  of  nlTsr  precipitated  by  1  aL  chloridi.'  of 
^Tta  the  atomic  weight  of  chlonda  of  silrer,  Am}L 

known  weight  of  ailTer  be  diasolTed  in  nitne  add,  and  Uie  quantity  of 

Staenom  required  to  precipitato  it  be  determined,  the  ratio  between  the 
^  a  of  eilrer  and  chloride  of  potimrinm  become*  known ;  whence  alao  ths 
ght  of  chlorine  may  be  fonnd,  by  determining  the  weight  of  chloride  of  tiitt 
nun  a  given  qnanlity  of  ailTer. 

inantity  of  chloride  of  eil*er  (c)  produced  from  a  giTsn  weight  of  eilrer  («) 
ther  by  iRDiting  wlrer  in  ehlorine  gia,  or  by  diBwlTing  it  in  nibic  acid  and 
ig  by  liydrochloric  add  :  hence,  the  atomic  weight  of  chloride  of  eilrer  (tt) 
ionafy  known,  that  of  eilTer  (x),  ii  found  by  the  proportion,  e  :  a  ^  w.x, 
t  chlorine  bj  diff^rfnce  ;  or.  the  atomic  weight  of  ailTer  being  found  &om 
Ij  of  chloride  of  poluniam  required  to  predpitale  it,  that  of  chlorine  is  cai- 
rn the  compoaitian  of  tfae  cblonde  u  juit  determiued 

•namtkmo/ tilt  AnouKt  of  Oxygen  in  CUorate  of  Potauitm^-TioM  tatj 'br 
I  either  by  heatins  the  aalt  to  redneea,  or  else  by  reducing  it  with  hydm- 
X  erapOTHting  to  ibyneee,  and  igniting.  In  cunying  oat  the  fbimei  method, 
aary  to  arrange  the  apparatus  id  supd  a  niaoner  that  any  small  partidei  af 
at  may  be  carried  sway  by  the  escaping  gas  may  be  collected  and  weighed. 
iportiona  of  oxygen  and  chloride  of  potaarinm  in  100  pta.  of  the  ch&rile, 
omic  weight  of  <£loride  of  potaiainm  thence  detnrnined,  by  ths  proportion 
-  48 :  4^  are  aa  fbUowa,  aocordiog  to  the  authoritiea  above  quoted : 

Brnvllu,      VATifDU.  Psnil^         Kbwhb4.  Btu. 

.      SS-ltO        3S-1S1        3S'177        S9-20fi        SaiH 

80-838         80-823         aOTfll         60-8*8 

lOOCKKI  100-000 

74-608        7«-STd        74-S20        74424        74'SS 


loride  of  direr 1924        192-3S        1937S 

F  ailTez  diaolTod  in  idbic  add,  require  of  ECl  fin  pndpitation: 

89-063  89103 

il.  eUoride  of  potaannm  predpitatss  1  at  dlTSi,  *»™'"g  1  at.  chloride  of 

100  :  103'3«   -  74-fi7S  :  AgCI  -   143-44. 


132'7S        132-73        132-84        I82'S4        133-73        132-84$ 

wHarignac'nGmtnnmbsr,  13273  (which  agrees  with  that  of  MauniuoA 
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SHCIO   -  HV  -  a>0    HTDoclilonnu 
2HC10'  -  HK)  -  Cl'D"  CUorom 
2HaO'  -  HH)  -  OKf  Chloric 
2HaO'  -  HK)  -  CTO'  Perchloric 
two  anhjdridN  hb  tolerahlj  well  known,  the  Uxt  two  hna  not  jM  been 
Wb  an,  bowcTcr.  f^gnfinW  with  the  eomsponding  iodic  and  Mriodic 
M,  1*0*  and  I'D',  NtpectiTelj.    By  the  reabeorption  of  an  atom  of  water, 
of  Meh  anhydride  ia  TsconTCFted  into  two  atonu  of  the  correqioiiding  add : 
Cl'O    +  H»0  -  2HCI0 
Cl'O'  +  HK)  -  2HCaO' 
(PO*  or)  Cl'O'  +  HK>  -  aHClO-  (or  2HI0») 
Cl'O'  or)  Cl'O'  +  H»0  -  2HC10'  (of  2mO') 
ition  to  the  abore  anhydridea^  a  complete  aeriee  of  chlorinaHmdra  ahonlti 
'  include  tltiee  other  tenna,  thoa : 

!!■        Chlorine  I  Cl'O*    Perchloric  oxide 

1*0     Hypochloroiu  anhydride  Cl'O'    Chloric  inhTdride 

1*0*    Chloric  oxide  ?  a-O*   Eyperehlonc  oxide  ? 

3*0*    Chloronj  anhydride  |  Cl'O'    Penjiloric  anhydride 

ran  obtained  from  enchlorine  (p.  B13)  a  eaa  which  decomposed  into  equal 
of  cblorine  and  oxygen,  a  reralt  oonaidered  by  BeRclins  to  be  condosire  of 
ence  of  chloric  oxide.  Hyperchloric  oxide  ii  not  improbably  idoitical  with 
percUoro-chlorio  acid,  Cl'O",  or  aCL'O'  {?)  Perchlraic  oxide  ia  a  very 
m  Bubatance,  which,  moteorer,  appeati  to  be  identical  with  HiUoa'a  diloro- 
idd,  Cl'O'*,  or  3CT*0'  (?)  Perchloric  oxide  ia  deeompoeed  by  water  into 
and  chloric  addi : 

CPO*  +  HK>  -  HCIC  +  HCIO*. 

Hffpothloron*  Ankgiride,  Acid,  and  Saltt. 
CHLonora  Amhtdbidb.  Cl'O.— This gaa, which vaadiacoiered by Balar J 
[Add.  CL  Pbys.  [2]  Irii.  22S).  may  be  prepared :  I.  By  adding  facial  phoa- 
ad  to  a  concentrated  Bolntion  of  hyptKhLoroua  acid  itanding  omil  mercury, 
cial  pboephorie  acid  abatracta  water  from  the  bypochlorow  add,  and  the 
iDbydride  thna  prodoced  oollecta  in  the  nj^er  part  of  the  taba:  2HC10  - 

r'~''"C  chlorine  gaa  orer  mercuric  oxide  contained  in  a  taba  kept  cool  by 

H?"0  +  CI'  -  Cl'O  +  Hg"C!'. 
rcoric  oxide  ahonld  be  prepared  by  pmipitatloa.  and  drird  at  aaomewhat  high 
itnre.  300"  C.    Any  excras  of  mercuric  oxide  remnina  combined  with  the  re- 

mercnric  chloride  in  the  form  of  a  brown  dyatalline  oiychlorida.    The  gat 

collected  by  downward  diiplacement,  or  in  the  meKorial  trough,  but  it  cannot 

long  OTcr  mereniy,  aa  it  graduallj  acta  npon  the  metal 

chlOTonB  anhydride  is  a  gae  of  a  pale  reddiih-yellow  colonr,  and  a  powerfbl 
mnewhat  resembling  that  of  chlorine.  Ita  speciBc  gravity  doea  not  appear  la 
lan  determined  experimentally.    By  calculation,  ni[^)oaing  the  motecnle  to  oc- 

iro  Tolnmea,  it  ia  ^ —  43'A,  n&ned  to  hydrogen,  and  3'OIS  re- 

o  air  aa  unity.  It  is  so  raadHy  decomposed  into  two  volnmei  of  chlorine  ami 
ume  of  oi^gen,  that  it  cannot  be  preaerred  unchanged,  even  for  a  few  houn. 
ight  eleTf  tion  of  temperature,  or  aomedmea  s^ntaneonsly,  decomposition  likes 
[th  eiplodon.  In  ninlight  t^e  decomposition  is  Tery  rapid,  but  nsaally  tranqniL 
low  temperatnie  produced  by  a  mixture  of  salt  and  ice,  the  gas  ia  oandenaed 
leep  orang»^x>loured  liquid,  hearier  than  water,  and  very  exploaiTe.    Both  the 

and  liqud  anhydride  diraolTe  in  water,  nnde^ing  decomposition  and  being 
sd  into  hypochJorons  Arid: 

Cl'O  +  HH)  -  2HC10. 
lerat  reaction*  of  the  anhydride  correapond  with  thoee  of  the  arid,  but  an  more 

'OOHLOBora  Acid.    HGO. — Thia  acid  may  be  prepared: 

'om  the  anhydride,  as  just  mentioned. 

f  passing  air  saturated  with  hydrochloric  arid  thtongh  a  solntioD  of  permau* 
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Senate  of  potauium,  acidulAted  with  sulphuric  acid  and  heated  in  a  water  bath.    Tli« 
stiDate  is  a  solution  of  hypochloroua  acid  formed  by  the  direct  oxidation  of  hydro- 
chloric acid:  Ha  +  0  -  HCIO. 

3.  By  the  addition  of  almost  any  oxacid  to  a  metallic  hypochlorite. 

4.  By  passing  chlorine  gas  into  water,  holdins  suspended  or  dissolved  certain  me- 
tallic oxides,  hydrates,  carbonates,  su^hates,  poosphatea,  dec  In  practice,  oxide  of 
mercury,  and,  according  to  Williamson,  carbonate  of  calcium,  are  found  to  be  the  most 
advantageous.  Either  of  these  substances  is  to  be  agitated  with  water  and  treated  with 
clilorine  gas : 

Ca'CO*  +  HH)  +  Cl«  =  CO'  +  2HaO  +  Ca'a*. 

The  product  of  the  action  is  to  be  distilled  off,  and  if  neoetsaiy  oonoentrated  by  on« 
or  two  redistillations  of  the  most  volatile  distillates. 

Aqueous  hypochlorous  acid  has  a  yellowish  colour,  an  acrid  taste,  and  a  character- 
istic sweet  oiloroid  smelL  The  strong  acid  decomposes  rapidly,  even  when  kept  in 
ice.  The  dilute  add  is  more  stable,  but  is  decomposed  by  long  boiling  into  chloric 
acid,  water,  chlorine,  and  oxygen.  Hypochlorous  acid,  like  chlorine,  possesses  powerful 
bleaching  properties.  Moreover,  chloro-derivatives  may  be  produced  by  its  agency, 
thus: 

c^«  +  Hao  «  c-H»a  +  H*o. 

Beniene.  Chlaro- 

benzfiie. 

Hydrochloric  add  decomposes  hypochlorous  add,  with  formation  of  chlorine : 

HCIO  +  Ha  -  H«0  -I-  Cl«. 

Hypochlorous  add  is  a  very  powerful  oxidising  agent  It  rapidly  converts  many  of 
the  elements,  iodine,  selenium,  and  arsenic,  for  instance,  into  their  highest  oxides,  at 
the  same  time  liberating  chlorine.  The  metals  differ  much  from  one  another  in  the 
nature  of  their  respective  reactions  with  hypochlorous  add.  Those  which  deeompose 
the  add  form  oxides,  as  does  iron,  or  oxychlorides,  as  do  copper  and  mereuzy.  Silver, 
indeed,  forms  a  chloride  and  liberates  oxygen,  thus : 

Ag*  +  2HaO  «  2AgCl  +  H»0  +  0. 

Many  metallic  oxides,  those  of  mansaucse,  cobiUt,  and  lead,  for  example,  are 
oxidised,  with  liberation  of  chlorine ;  but  oxide  of  silver  is  converted  into  chlori< 
silver,  with  liberation  of  oxygen : 

Ag«0  +  2HaO  -  2Aga  +  HK)  +  0\ 

HTPOCHLOBma. — 1.  Pure  hypochlorites  are  made  by  neutralising  hypochlorous 
add  with  hydrates,  such,  fbr  instance,  as  those  of  sodium,  potaashim,  aJdnm,  barium, 
magnedum,  ainc,  copper,  &c — 2.  Hvpochlorites  are  usually  prepared  by  paasing 
chlorine  gas  into  solutions  of  hydrated  or  carbonated  alkali,  or  over  the  diy  l^drates 
of  the  earths.  Bjr  this  process,  a  chloride  and  a  hypochlorite  axe  lininltanciwisly  pro- 
duced.   The  reaction  ia  believed  to  be  as  follows : 

2a«  +  2Ca'^«0«  =  Ca^Cl*  +  Ca^a'O*  -i-  2H»0. 

These  mixed  compounds  constitute  the  bleaching  and  disinfecting  salts  of  commerce, 
the  properties  of  which  were  known  as  earlv  as  the  time  of  Berthollet.  They  were 
long  regarded  as  chlorides  of  the  alkali-  and  earth-metals,  and  known  as  chloride  of 
lime^  cidoride  of  aoda^  &c.,  till  Berzelius  suggested  the  idea  that  they  might  be  mix- 
tores  of  metallic  chlorides  with  alkaline  chlontes  (M*0.C1*0*).  Balaid,  in  1834,  showed 
that  thdr  properties  are  best  explained  by  regarding  them  as  mixtures  of  dilorides 
and  hypochlorites.  The  only  objections  to  this  view  are  that  alcohol  does  not  extract 
chloride  of  calcium  from  bleaching  powder,  as  we  should  a  priori  expect,  and,  unlike 
mixtures  containing  chloride  of  calcium,  bleaching  powder  is  not  deliquescent.  Thc«wi 
anomalies  may  possiblv  be  due  to  the  formation  of  a  double  salt,  containing  chloride 
and  hypochlorite  of  caldum  in  chemical  combination  with  one  another. 

The  pure  hypochlorites,  when  acted  upon  by  sulphuric  add,  or  even  by  carbonic 
add,  liberate  hypochlorouN  add,  thus : 

Ca^aK)*  +  H«SO«  -  2HaO  -h  Ca'TSO*. 

The  mixed  salts  behave  in  the  same  manner,  provided  the  sulphurie  uaii  i«  not  ia 
excess ;  but  otherwise  dilorine,  and  not  hypochlorous  add,  is  evolved : 

Ca'a'O*  +  Ca"a«  +  2H»80«  -  2H«0  +  2a«  -I-  2Ca130«. 

The  sulphuric  acid  acts  first  upon  the  hypochlorite  to  liberate  hypochlorous  add,  ajid 
then  upon  the  chloride  to  liberate  hydrochloric  acid,  the  co>existence  of  which  two 
<dds  cannot  occur,  owing  to  their  mutual  decomposition  into  water  and  free  chlorine, 


of 


U. 


kU 


CHLORINE:  OXIDES  AND  OXYGEN-ACIDS.        90y 

vp  iilrwdj  ma.  Hjdroehlonc  icid  am  liberate  hypochlonmi  acid  from  tlie 
liiedulti.  thus:  NiOO  +  Ha  -  BCtO  +  NaCL  BntuiTeicxM  of  hjilm- 
iri  immediatdj  nuts  fipoD  ttie  Ducent  hypochlonnii  acid  to  tono  tritet  miil 
SolDtioni  of  tbe  bypoonloritaa,  either  pnre  or  commeicial,  are  tet;  nnsLiUi-, 
lore  wrmaiieat  in  tbe  proscnra  of  &ee  alkali.  Thej  gradual];  give  off' Dijgvn 
Bniill]'  jield  miitnrM  of  chloride  and  chlorate.  Thair  deeompoBition  lakn 
f  debutel;  at  a  boiling  temperature,  thai : 

JCa'dH)"  -  C»'(aOT  +  2Ca'a«. 
lelTn  thn  act  as  bleaching  igenta.  probably  by  crolntion  of  oxjatn  ;  bat  tlie 


Ag^  +  2NaC10  +  H=0  =  2A(,'C1  t  2NaH0  +  O'; 
hate  of  mangtmeae  into  hjdistcd  peiOKiilc  of  mang^incM,  irith  liberstioo  of 

MnSO'  +  INaClO  +  HK)  -  Na"80'  +  ItnflK)'  +  a*. 


Chloroui  Ankydridt.  Acid,  and  Salli 
CIK)*.— Thie  gu,  diKOTcred  hj 


2HC10'  -  HK)  +  QK)*. 
1*0  ptodoMd  by  the  reaction  of  cUoric  add  with  niliaiu  add  or  anhydride : 

1HS(^  +  2HC10'  -  2HN0'  +  HK)+  CTO*. 
if  prefbnned  chloric  add  and  nibooa  add  or  anhjdride,  a  mistoM  of  chlorate 
lima,  nitric  add,  and  uaeniona  anhydride  ij  usoally  employed.    The  oitne 
■tredoMd  br  the  uwinioiu  uhydride  tothestateof  citioiuadd,  which  ii  Um 
ygenant  of  the  liberated  chloric  add : 

Aat)"  +  SffO  +  2KC10'  -  2KH'AbO'  +  Cl'O'. 


a  freeiingnuitDreof  ice 

,  calculated  for  a  oondra- 
2  Tola,,  U  -  J  '°  -  B9-6  nferrei  to  hydrogen,  and  4123  referred  to  air. 
ly  elented  temperatorea,  £7°  C.  and  upwards,  it  ia  decompoaed,  with  enlo- 
<  chlorine  and  oiysen.  It  dinolTn  freel;  in  water  or  in  aoIutioDa  of  the  iS»- 
eartb-alkaline  hydrates,  gradnall;  fbmiing  chlorous  add  or  chlorite*. 
>ODS  Acid.  BdO*. — TbiM  add  may  be  prepared  by  condeuinB  dlloroBa 

aK)*  +  H-o  -  ascioy 

ing  upon  ■  cbkirite  with  some  diluted  add,  nich  as  salphniic  or  pLuqbrn: 

Pb{C10')'  +  H'80'  -  2HC10'  +  Pb30'. 
.  or  its  cou^vntraled  eolution,  is  a  grernisb  yellow  liquid  of  great  ttncloriiil 
ad  lianng  acnnig  bleaching  and  oiidisiog  properties.  It  don  not  deoompoae 
ea,  but  rcacte  alowlj  with  caustic  xlkalia  and  eartha  to  form  chlorite*. 
BiTBS.  MClO'.— The  alkaline  and  earthy  chloril€s  are  formed  as abore  de- 
They  also  result  from  the  action  of  perchloric  oxide  oa  bases  (p.  91S).  They 
he  most  part,  aolnble,  erystallissble,  colourless  salts,  poaseaaed  of  bleactung 
The  ioaolable  cbloritn  of  silfer,  lead,  and  othm  metal*  are  prodneed  I7 


AgNO'  +  KaO*  -  KNC  +  Agao*. 
iposed  eren  by  carbonic  add. 
duraeteM  of  the  indiridnd  chlorites,  tee  paga  S14. 
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ie»  that;  Blthoogb,  like  tb«  normul  eomponnd.  it  a  deeomposed  bj  nUulJ* 
%te  and  chlorite,  jet  that,  luilikrr  thi  Dormal  eompooDd,  it  jirlds  tvo  equi- 
tlla  (bimer  for  one  of  tiie  latter  ulL    Huiee  MilloD  uugni  to  it  the  fbimula 

CTO"  +  6KH0  -  BH'O  +  4KC10'  +  aKClO*, 

diS^nncei  maj  probabl*  be  due  to  diffenncaa  in  the  paiitj  of  these  two 
UonoTPT.  perchloric  oxide  i>  a  verj  difficult  labJMt  to  itiT«tigatp.  and  the 
at  of  different  eiperimeDtalista  TSiy  ooaaideimbly  from  one  another.  (9e* 
Hatdbook,  ii.  304.  310.)  W.  O. 

KZra.  BUIWHIBU  or.   Twoonly  of  these  eompoimdi  are  known  in  the 

lit  SO  and  SCI'.  The  former  is  anslogons  in  composition  to  hypochlorona 
I,  CIO.  but  eihibile  no  uialogv  whateTer  to  that  compound  in  its  properties. 
)tiul  indo^  vhather  the  sulphor  or  the  eblariae  in  these  compounds  is  the 
lement  -,  but  the;  are  niuallj  regarded  aa  ektoridei  of  ndipilur,  and  u  soch 
ire  Aillj  considered.     (See  Sulphdb.) 

oboerrationi  applj  to  the  compoiuida  of  chlorine  and  selenium. 
BXODOroUL  DieUorinatcd  Iodide  o/ MttAyl.  CHG1.  (SernlUi; 
Phfs.  [2]  ur.  3U;  xnix  33G.— Mitseherlich,  Poag.  Ann.  li.  164.— 
dal,  Ann.  Ch.  Fharm.  tw'iJ,  2229.^Qm.  nL  337).  This  compound  was  dia- 
7  Semllas  in  1834.  but  its  compoaitian  ma  Bnt  anredlj  ascertained  bj 
It.  It  is  obtained  by  dislilJing  iodoform  with  an  equal  weight  of  penta- 
f  phoBphonu  or  mercuric  chloride^  The  materials  are  mtimatejf  mixeil,  and 
in  a  nlort ;  the  dark  red  distillate  is  decolorised  with  aqueoue  potaah,  then 

with  strong  Bulphurii?  add,  to  &ee  it  from  chloride  of  ethjlene,  aflerwwds 
from  the  solpharic  acid  by  a  tBp-fimnEl.aud  purified  bj  rectiflcation. 
doform  is  a  traDspaieot  pale  feilow  liquid  of  specifle  gravity  1  '96.  tuLving  an 
Klonrand  saccharine  taste,  aod  becoming  rose-oolonred  by  exposure  to  the 
tmiiinB  fluid  at  the  lowest  temperatures,  and  ii  not  decomposed  by  distillation. 

sparingly  soluble  in  water.  Heated  with  atroDg  aqneoua  potaah,  or  will: 
potaah.  It  yielda  fbrmate,  chloride,  and  ioiUde  of  potudnm ; 

CHC11  +  2K'0  -  CHKO'  +  IKa  +  KL 
:  with  chlorine  gaa,  it  •olidifles  and  yields  trichloride  of  iodine. 
aUAMXO  AOnt  and  OHIMMJMAM^M^     Sea  luMic  Axm  and  laA. 

BZSATIC  AOZD.     See  TaiTTO  Amn. 

SXBATTSB  and  OB&OBISATS9Sa  AO^i.     See  IsiTmi  and  loa. 

KZSATIJr.     See  IsiTDI. 

BISATOSUXTHXTBa.     See  Is4T0ST^pkit». 

AXTB.     Leueitnixrgiir,   Pnmiiu, — This  name  is  applied  to  certain  aili' 

lagnesia  and  alomina  Dcenrring  in  plutonic  formations,  and  forming  the  cha- 

iugredientd  of  chlorite  slate.  It  formerlyindudedripidoliteandidinochlorr, 
ill  applied  to  at  least  two  minerals,  diSbring  in  crystalline  form,  and  some- 

in  chemical  composition.  Chlorite  from  Achmatowsk  in  the  Ural  is  mono- 
t  the  Tariet;  called  Pmnint,  from  Zermatt  in  tbe  VaUis,  is  hexs«oiial.  generally 
ii-sided  tables  with  perpendienlar  edges,  oP  .  »  P,  or  with  berellKl  ed^es, 
itre  P  denotes  a  six-sided  pyramid  with  baaal  edges  of  100°  GO' and  pyramidal 
3S°  40' ;  also  with  other  faces  subordinate.  Cleavage  perfect,  parallel  to  the 
le  cnstals  are  sometimes  imbedded  mngty,  but  more  frequently  gnmped  in 
conical,  or  vermiform  masses;  also  in  minute  scales,  forming  s  deposit  on  other 

Specific  gravity  2'6fi  to  2'S5.  Hiudtins  2'0  to  2-S.  Flexible  in  thin  laminie, 
lastic.  Colour  various  shades  of  green,  from  leek  to  blackish  green.  Small 
re  dichromatic,  appearing  red  when  viewed  in  a  direction  perpendicular  to 
i^al  axis.  Lustre  nacreous  on  the  basal  fiices,  vitreous  to  waxy  on  the 
rransparent  in  thin  laminc,  but  generally  translucent,  and  transparent  on 

ieties  of  chlorite  (nre  ntF  water  when  heated  in  stubs,  aud  melt  with  diffienltj 
■  blowpipe  to  a  liLack  slag,  sometimee  magnetic  The  mineral  gives  with  fluxes 
ous  of  iron,  more  mrely  that  of  chromium,  and  is  perfectly  dccomposible  bf 

reral  varieties  of  chlorite  exhibit  conaiderable  divenity  of  eompositioil ;  tb* 
eODstltaents  are  silics,  alumina,  magneiia,  and  water,  the  slumins,  bowsrer, 
ta  more  or  less  replseed  by  ferric  oxids  and  ths  magnesia  by  feirona  oxide. 
ring  are  uialysra:  1.  Varfentrapp  (Fogg.  Ann.  liTiii.  ISS).— 2.  Kobell 
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rtM  the  ehlorito  of  potunum  will  bo  completalj  nadved  ioto  chloride  u 
to.  Thasunedeeompaaition  talnplAceif  itbeh<stedtolsa°a  (UiUoD. 
lOtara  or  StLTia.  AgOlO*.—  Fnund  bj  miziiig  %  aolnUe  chlorite  oanUinii 
it  ozoeaa  of  hate  with  nitrate  of  eilrer,  and  boiluig  the  Tentltini;  preeipitMa 
«  and  oxide  of  (ilrer  with  water.  The  Hilatioti  on  cooling  depoaila  the  salt 
'  erntalliiie  BOilea.  At  IOS°  C.  it  decompoaaa  with  enloeieo.  A  mixtms  of 
nlplmr  takn  fire  whea  tritonted  with  a  glut  rod.    Id  preparing  the  salt,  i 

of  ehloroDs  acid  muet  be  aToided,  ai  it  would  thereby  be  quickly  reaolved  in 
to  and  chloride.     (Millon.) 
LOMiTi  oiSoDiDK.    NaQO*.— DsUqiiewwnL    BeMOiblea  the  potawinm-M 

not  decompoMd  bj  a  hMt  below  2fiO°C.    (Hilton.) 

.oBtTaoFSTHoxTinM.    SrcaO*)'.— Delia uweent    DecompoeM at  308°  I 

on.) 

M)BXTaiD&     OiioriU  Spar,  BarytmltyBiU,  itiuimitt.-^k  ooanelj  foliat' 

e  eilicate  of  ulnmiaa  and  iron  fimod  at  Soaoibrod  in  the  Uial,  Bragratlen  in  tl 

and  Qummach-dagh  in  Asia  Hinor.  Its  ipaciflo  gravity  ia  3'SS7  ;  hardnees  G 
colour  dai^  gray  or  greenish  black ;  Inatn  taint  and  pearly.  Oiree  off  wat 
heated  in  a  tube,  ii  infueible  beibra  the  blowpipe,  bat  beeomea  darker  and  ina 

It  diwolTSB  onnpletelj  in  mlphuric  add. 
ed  to  chloritoide  are :  Matonite,  from  Rhode  laland,  which  hues  with  difficul 
irii  green  enamel,  and  SUnuMdiju,  a  dark  greyish  or  blackiih  green  mineral 
c  grari^  3'£eS  and  hardnen  ££.    NeHrlj  lofiisible  before  the  blowpipe^  occv 

the  chlorite  alaU  of  St  HarccL 

Jjeia:  CUorilo'idr,— 

;  JahniBber.  iriiL  1      ,  ,      ■ 

Hiii.[4]iTiii3nO).— 6.  Kobell  (J.pr.  Chem,  Mil  40.    _.  .      __ 

Boaton  Soc  Nat.  HiaL  1849,  p.  100).    SimMuUnt,  Deleiae  (Ann.  Ch.  Fh; 
.  3BS). 
^^  aO»       APO"    F^O"    TfO    Ua"0  UfO  ^ 


^  — I.  O.  Erdmann  (J.  pr.  Cbem.  tL  86).— S.  Bonado 
i  338).  — 3.  Hermann  (J.  pr.  Chem.  liil.  13).— 4.  Sm 


oag  theae  analyaee  Ifo*.  3  and  IS  of  ehloritoide  an  the  only  onea  in  which  the  d 
f  oxidation  of  the  iron  appeaia  to  haie  been  correctly  detemined ;  these  agr 
amalely  with  the  formula  (3M'0.aiO').(H'0'.SiO')  +  2aq.,  which,  I7  asbatit 
I-  for  tii-eqniTaleut  mB(ala,  may  he  reduced  lo  M'0.2(A^0*Jiq.).  (Bamtnti 
mtitnUchemie,  p.  8S4  ;  Dan  a,  ii.  2m ) 

imomommMTAxatjam.  Syn.  with  Cbumidi  ofBimiotl  (See  Bihioi 
iniR  or,  p.  GBB.) 

See  BamuMnn  (p,  MO). 
See  Bnnkna  (p.  G43;. 
.  Syn.  with  TuoRLOHOaantiMB.  (See  Bhuzeiib,  p.  843). 
C"H"C10'.  (Cahoura,  Ann.  Ch.  Phya.  [3]  iiiii.  311 
■med  by  the  action  of  penfachloride  of  phomihoniB  on  benrilic  acid :  the  produ 
illed.  and  the  portion  which  cornea  otst  aWe  S£0°  C.  washed,  dried,  and  tt 
It  ia  a  colonrlesa,  strooglj-amelUng  oil,  hearier  than  water ;  boila  at  about  3T( 
poaure  to  moist  air.  or  bj  the  action  of  hot  atrong  potaah,  it  ia  quickly  deeol 
into  cUoride  and  banailate.  With  ammonia  and  pbenjUmino,  it  yielda  ci7bI< 
rodnrte.  F.  T.  a 

XOXOSBBXOtO  AflXS.     See  Bimoio  Aon. 


XOMtUJraOb    Syn.  with   Ciuinnn  or  BmrLiNB.    (See  1 
am  or,  p.  S77.) 
XOXOSBVXOWZTBZXa,     See  BiiRunTBCLi  (p.  603). 
XOaOBSMXOPKVnB&    See  Buioic  Ersua  under  Bnnoic  Aorn  | 

XOmOBZVXOT&,  OUOKXSB  or.  See  BamoTi.,  Cnumitin  of  (p.  9S; 
:&OXOOJilVBZX&  CHK^IN'O*.- A  product  obtained  by  the  iucompb 
irf  chlorine  on  caSeine  anspeDded  in  water  (p.  708).  Whoi  purifled  t^  Uu 
r  cryatalliaationa  from  water,  it  formi  a  light  bulky  maea.  From  alcohol  it  m 
s  in  needlea.    Bf  the  continued  action  of  chloriae,  it  is  reaolved  into  chlon 
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Sea  Cruf  AKnn. 
bOBOSKACOnaxo  ASED.    Bjn.  wUh  CHLUKuaaD  AoB.    (See  Amm 


]uid  U  fonnd,  called  eM>ridt  o/dnu 
ring  approxunatalj  to  the  formula  C"fi"Cl*O.Cl* ;  and  tliii,  vhm  treated  wilii 
lie  pobuh,  jieMi  another  Tudd  oil,  eUorodraeonj/l,  containing  4S'6  C  and  3-i  H ; 
Ij  cUoiide  of  draconjl  minu  the  elementA  of  wuter.  (Lament,  Bat.  aeient 
-OerLiiL  3SS.) 

XABOWAITTHZO  AOD.     See  CEnUiTSK)  AoiD. 

kOXeromiK.  DicUorinatrdeUoriiU  of  methyl.  PercUontU  qffermyl  CHCl*. 
eirao,  Ann.  Ch.  FhTiL  [2]  ilniL  131.— Sou bei ran  and  Mialh  j,  AniL  Ch, 
1.  btiL  226.— Liebig.  iiiA  L  leS;  Snmai,  Ann.  Ch.  Phyi.  [2]  It!  116.- 
Bult.  iM.  Lud.  S77.— Om.  Tii.  842,)— Chlonrfbnn  ni  diKorered  in  1831  bj 
iiait.  who  colled  it  Etlier  bicUorique,  aad  iadependentlf  ia  1B33  bj  Liebig,  whf 
led  it  u  a  chloride  of  carbon :  ita  tzne  coiutitatioD  tu  diecoTered  bj  Dumu  ii 
Hntman  (J.  Chim.  mid.  [3]  iv.  *76)  statea,  on  the  authority  of  PorU's  Jfi^ 
i/u  and  Scott's  Ltllert  on  Ikitumotogy  and  Witcheraft,  that  it  was  known  ii 
r  tiineii,  and  naed  as  a  means  of  mincing  inaenaibility. 

motion  and  Preparation. —  1.  Chloroform  i*  prodaced,  together  witli  noni> 
Dated  chloride  of  metiif  1,  CH'Cl',  when  a  mixtnre  of  chlorine  and  gaaeoos  cUi> 
if  methvl  is  exposed  to  the  aoD'a  raji.  If  the  two  gaaea  be  made  to  pasi 
uooalT  into  a  vessel  exposed  to  the  inn  and  connected  with  a  series  of  coolec 
eta,  tbe  chloroform,  being  the  least  Tolalile  of  the  products  formed,  coodensei 
md  if  the  current  of  chlorine  be  made  rather  slrong  and  the  t«ceiTers  not  mad 
,  the  product  consists  almost  whollj  of  chknofbrm. 
jj  tlie  action  of  alkalis  on  chloral : 

0^01*0   +   KHO  -  CHa'  +   CHKO". 


oral  is  distilled  with  excess  of  Baneana  potash,  soda  or  barrla,  or  with  milk  a 
uid  the  oilj  distillate  is  repeatedly  sgitated  with  watfT,  separated  from  the  watel 
ipletely  as  possible  bj  decantation,  and  distilled  with  S  <w  8  time*  its  rolume  o 
■  '     ■   add  in  ■  perfectly  diy  apparatus.    (Liebig.) 

■at  hydiogcD  upon  tetrachloride  of  caibon.    (Oeather 


by  the  actio 


Bj  boiling  tricMoracetio  acid  with  aqueous  alkalis : 

C^aKP  +  £"0  -  CHCl-  +  K'CO'. 
By  the  action  of  hypochlotitea,  or  i^  diloiiiw,  in  pnaeiice  oT  alkalis  on  TBiionj 
Ic  Bubstancaa,  vii. :  a.  On  metlMic,  etbylii^  and  amylic  alcobols,  perhaps  alao  Ol 
ohols  of  the  sariM  OH>»>0.   Witheomnuinaleohcdandlvpoehloritaof  caldon 
iadpal  nkImd  ^ipean  to  b«: 

■H-O  +  6Ca'a'0>  ■  2CHa'  +  aCk-CO*  +  aCa-Cl'  +  CaTaK)'  +  *H'0 ; 
ther  products  ara  likewise  formed,  and  chlorine  is  set  free, — h.  On  acetic  acii 
estates  ;  probably  thus  i 

2CH'0'  +  8Ca-Cl'0'  .  3CHC1'  +  2Ca"C0'  +  Ca'tPO'  +  alTO. 

u»ioDe. — d.  On  etbyknlpliate  or  ethyltartnte  of  ciJcnim. — s.  On  oil  of  tur 
le  and  its  iaamera,  the  oils  of  lemon,  bei^aniot,  copoiba,  &e. 
1  most  economical  method  of  preparing  chloroform,  and  that  which  is  alwa^ 
ed  on  the  manufactoiing  seals,  is  tha  distillation  of  alcohol  with  chloride  o 

Tbe  proportioui  used  are  about  6  pta.  chloride  of  lime  difflised  throuh  30  pts 
,  and  1  pt  alcohol  of  33°  Beaami.  The  addition  of  skked  lima  is  also  adran 
u,  as  it  absorbs  the  chlorine,  which  would  otherwise  be  set  &ee.  and  thereb; 
ishes  the  quantity  of  secondary  prodncta.  The  following  mode  of  preparation  o: 
rge  scale  is  given  by  Kessler  (J.  Fharm.  [3]  xiiL  Iti). 
i  apparatus  consiBta  of  a  large  leaden  cylinder,  the  sidn  of  which  are  soldcro 
lead.  Throogh  the  middle  of  the  upper  cod  paasfe  a  vertical  rod,  proridii 
e  bottom  with  tarn,  aud  at  the  top  with  a  curved  handle,  its  lower  eitromil 
ig  on  a  pivot  in  the  base  of  the  cylin^Ier.    By  this  aimngement,  the  miitur 


OHLOROFOSH. 


■a  raoutened  vith  it,  and  by  tba  jellow  or  brown  colour  which  it  impsrta 
of  Titriol  whsD  agitated  therewith.  Pun  chlarofonn  placed  apon  oil  of  vilri 
a  a  eontact-niHace  convex  doimwiirdfl  ;  impure  chloroform  girn  a  plane  CO 
face.  According  to  HoaaBin  (J.  FhKtn.  [B]  naiy.  2lWl,  the  purity  of  cU 
may  be  t«rted  W  means  of  dinitnuulplHdt  of  tron.  Fe'H'S'N'O'  (a  «»1 1  obtaini 
icboD  of  ferric  chlonde  orBslphata  an  a  mixture  ofaolphida  of  ammoniom  ai 
rf  potaseiiiia).  Pore  chloroform  ahaken  Dp  with  this  aalt,  remaini  colonriea 
t  contaiiu  aicohol,  ether,  or  wood-apiril,  it  acqniTee  a  dark  colonr.  To  pari 
rm,  Orogorr  agitates  it  and  Ipbtct  it  in  contact  with  oil  of  TJIriol  till  the  lalt 
sgoT  eolpnied  by  it,  tben  remores  the  chloroform,  and  placea  it  '         '    '     ' 


qnantitTof  peroxide  of  manganeae,  to  free  it  from  sulpharona  acid.    A»ordii 
iham  (Phunn.  J.  Trans,  i.  2i\  cMoroform  thus  pnnfln 
ifterwaids  fbond  to  ooDtaIn  hydnKUoric  acid  and  &ee  c 


infled  qQickly  decompo^i 
«  chlorine.     According 
(lAirf.  I.  383),  chlonrfbrm  keep«  well  after  being  once  treated  with  oil 

but  the  eontinaed  action  of  that  liqud  (espeeiallj  if  contaminated  with  nitio 
:erta  a  deeompodng  actian  upon  it. 

trtiei. — Pure  chloroform  ia  a  tiwuparmt  and  eolomlen  oil  of  aperific  gran 
t  ITOC.  (Regnanlt);  1-62823  at  0=  (Pierre).  It  boila  at  61°  (Begnanll 
°  with  the  barometer  at  7J2M  mm.  (Pierre).  In  contact  with  platinni 
d  with  the  barometer  at  21'  7",  it  boili  in  a  dry  Teaael  at  S0'8°,  bnt  u  conti 
aler,  at  ST'S'  (Liebig).    Ita  Taponr-denaity  u  4'16S,  according  to  Dnma 

Boordiog  to  Begnault.    By  calculation  (2  toL)  it  ia 5 

—  4-141.  Chloroform  remaica  liqaid  and  tranaparent  at  —  16°C.  (PierT< 
J  be  lolidifipd  by  the  cold  produced  b;  ita  own  evaporation ;  when  it  la  throi 
doable  filter,  the  mpid  evapontion  at  the  edgee  canaea  the  remaining  porti 
iff  in  white  tufts  (Soabeiron  and  Mialh  j).  It  has  a  very  pleasant,  pei 
odour,  a  sweet,  fiery  taite,  and  ita  vapour,  when  inhaled,  producea  a  sweet  tai 

palate.  The  inhalation  of  a  amall  quantity  of  the  vapour  causee  eiciteme 
to  that  produced  bj  nitroos  oxide  ;  but  a  larger  qnantitj  produces  inaensibili 

in  &ct,  a  kind  of  coma :  bence  it  ia  extensively  naed  in  sorgical  opemtioni 
ng  to  Robin  (Compt  rend.  xzx.  62)  and  Angendre  (ibid.  mL  679),  di 
prcaerces  meat  from  putrc&ction  (200  times  ita  weight,  according  to  Augendr 
^jfonn  dissolves  slighllj  in  water,  imparting  its  sweet  taste  to  the  liqoid. 
n  all  pToportions  with  alcohol,  and  is  parti^y  precipitated  there&om  ^  val 
lives  rapidly  in  ether.  It  is  quite  insoluble  in  Bulphuric  acid. 
uolveapiojpAoriu,  luJphar,  iidiiu,  and  iodo/onn,  also  many  argaait  bam  a 
dti.  Tlie  eolubilitv  of  several  organic  basea  in  chloroform  au  been  delermin 
:baelPettenkofer(JaliTesber.  f.  Chsm.  18S8,  p.  863)  and  A.  Schlimpe 
869,  p,  106),  whose statementa however differwidely,Mthe(bllowiog tablei 

QuantUiel  of  Alkalmdt  dUtolved  bj/ 100  pit.  of  CUorofont. 
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mpotiiiont.  —  1.  Cbli»oform  deoompoaea  whan  expoaed  to  air  ud  lighli  w 
on  of  chlorine,  hydrochloric  acid,  and  other  [midticts ;  bnt  when  kept  nni 
it  lemaina  ooaltated  (Uaraon,  Fhann.  J.  Timoa.  viiL  60).— 3.  At  a  red  b 

to  Dr.  WoMiHi  1  m  alU»ii|li  Ml 

. — .  .^r^,  . V —  — -_  a- .Akn  tD  Inim  LtB  MlHIJ.  tor  Iba 

•jrufmaj  tt  era  very  drisurioui  aad  In  sdmlnlttarkii  ft,  oo*  yttvm  ibaokl  io  nathlur 
I  pain  and  mplrauro  of  Ihj  prttsat  ■»*  isoov*  llH  Ehlorotem  If  OHMiarj.    With  doe  | 

iiiflliiitiinil  iiitij  iimtiniilnliiiij  liniiiiiaiij  "    iOraiBifllta 
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CHLOROFORM— CHLOROGENIC  ACID. 


it»  Tspomr  ippean  to  be  xMoWed,  partly  into  trichloride  cimthoa  and  hydrogen  gaj» 
partly  into  carbon,  hydrochloric  acid,  and  chlorine : 

2CHa«  -  (XJl*  ^.  H« 
and:  CHCl'  -  C  -i-  Ha  +  Gl* 

The  liberation  of  chlorine  in  this  manner  ie  applied  to  the  detection  of  chlorofotnn 
in  blood.  A  quantity  of  blood,  not  leas  than  an  ounoe^  ia  introduced,  immediately 
after  its  separation  from  the  organism,  into  a  flask  connected  by  a  cork  with  a  knee- 
shaped  tube  somewhat  drawn  out  in  the  horizontal  arm.  A  stnp  of  paper,  moistened 
with  starch-paste  and  iodide  of  potassium,  is  inserted  into  the  end  of  this  tube ;  the 
drawn-out  part  is  heated  to  redness ;  and  the  flosk  is  heated  in  a  watei^bath.  The 
Tapour  of  cnloroform  thereby  eyoWed  is  decomposed  at  the  red-hot  part  of  the  tube, 
and  tiie  liberated  chlorine  turns  the  paper  blue.  This  method  is  said  to  be  capable  of 
detecting  1  pt  of  chloroform  in  1,000,000  pts.  of  blood  (Ragsky,  J.  pr.  Chem.  zlrL 
170).  According  to  Duroy  (J.  Pharm.  [81  xx.  401),  it  is  not  to  be  depended  on  unless 
the  blood  be  taken  firom  the  animal  immediately  after  the  inhalation  of  the  chloroform, 
or  immediately  after  death.  Duroy  considers  it  better  to  pass  a  stream  of  cold  air 
through  the  blood ;  then  pass  the  air,  together  with  the  chloroform-Tapoor,  through  a 
red-hot  tube,  and  thence  mto  a  solution  of  nitrate  of  silyer,  whereupon,  if  chloroform 
be  present^  a  precipitate  of  chloride  of  silver  will  be  fbrmed. 

3.  Chloroform  cannot  be  set  on  fire  in  the  air,  not  even  with  the  aid  of  a  wid[ ;  but 
its  vapour  passed  into  the  flame  of  a  spirit-lamp,  bums  with  smoke ;  a  mixture  of 
chloroform  and  alcohol  in  equal  measures,  bums  with  a  vexy  smoky  flame  and  pungent 
odour,  producing  hydrochloric  add  (Soubeiran,  Liebig).  It  imparts  a  green  colour 
to  the  flame  of  a  candle  fLiebig). —  4.  Chloroform  repeatedly  distilled  in  a  stx«am  of 
dry  chlorine^  is  resolved  mto  HQ  and  CCl^  (Regnault). — 6.  Chloroform  heated  with 
nitric  acid  evolves  but  a  small  quantity  of  nitrous  fumes  (Soubeiran). — 6.  When 
kept  under  sulphuric  acidy  it  gradually  eives  off  vapours  of  hydrochloric  acid.  The 
alcoholic  solution  of  diloroform,  mixed  with  nitrate  of  silver,  does  not  deposit  any  chlo- 
ride of  silver,  even  in  the  course  of  a  month  (Soubeiran). —  7.  Boiled  'wiih.  potash-letf 
in  a  closed  tube,  it  is  resolved  into  formate  and  chloride  of  potassium  \  but  the  de- 
composition is  imperfect  (Dumas) : 

CHCl"  +  2KK)  -  CHKO*  +  8KCL 

Chloroform  is  not  decomposed  by  boiling  with  aqueous  alkalis  in  an  open  vessel 
(Liebigl  AlcohoUc  potash  boiled  for  a  long  time  with  chloroform,  produces  formate 
of  potassium  (Regnault).  A  mixture  of  chloroform,  potash,  and  alcohol,  heated  in  a 
seiued  tube  to  100^  C.  for  a  week,  yields  ethylene-gas  and  formic  acid  (Bert  he  lot, 
Ann.  Ch.  Phys.  [3]  liv.  87). —  8.  Chloroform  vapour  passed  over  i^iUd  baryta  ctt 
lime,  yields  metallic  chloride,  carbonate,  and  charcoal ;  if  the  heat  be  moderate,  theiM 
products  are  not  accompanied  by  any  gas ;  but  at  a  fiill  red  heat,  carbonic  oxide  is 
produced  by  the  action  ox  the  charcoal  on  the  alkaline  carbonate  (Liebig,  Soubeiran). 
—  9.  Chloroform  may  be  distilled  over  votassium  without  decomposition ;  but  potas- 
sium heated  in  its  vapour  takes  flre  with  explosion,  forming  chloride  of  potassium 
mixed  with  charcoal  (Liebig).  It  is  not  decomposed  by  awiium^  even  when  heated 
with  it  to  200°  C.  in  a  sealed  tube  (Heintz).  Chloroform  is  not  decomposed  bv 
heating  with  cyanide  of  potassium,  mercniy,  or  silver,  even  on  the  addition  of  alcohol 
(Bouchardat.) 

A  mixture  of  chloroform  and  ammonia-gas  is  decomposed  by  a  heat  appgroaehing  to 
duU  redness,  yielding  chloride  and  cyanide  of  ammonium : 

CHCl"  +  6NH«  -  3NH*a  +  NH«.CN. 

If  the  temperature  be  raised  too  high,  a  brown  substance  is  formed,  ^bably  para- 
cyanogen.  When  a  solution  of  ammonia  in  abs  lute  alcohof  is  heated  with  chloroform 
to  a  temperature  between  180°  and  190°  C,  formate  of  ammonium  may  be  prodaced 
as  well  as  cyanide ;  in  many  instances  also  neither  of  these  salts  if  fbnned,  but  only 
a  brown  mass,  probably  consisting  for  the  most  part  of  paracyanogen.  (Heintz,  Pogg. 
Ann.  xcviii.  263.) 

Chloroform  ana  phenylamine  do  not  react  at  ordinary  temperatures;  but  when  equal 
volumes  of  the  two  are  heated  to  180° — 190°  C.  in  a  sealed  tube,  hydroehlorate  of 
phenylamine  is  formed,  together  with  hydroehlorate  of  formyl-diphenyl-diamine, 

CHa»  +  4(NJff«.C*H»)  -  2[(N.H«.C^*).HC1]  +  [N«.H.(CH)•"(C^»)^^CL 

(Hofmann,  Broc  Roy.  Soc  ix.  229.) 

CBXiOSprOHaRX  -  nPOaV&FBinUO    AOZB.      Syn.  with  DsOBLOBO- 
MSTaTL-suLPHTRocs  AoiD.     (See  Mbthtl.) 

CBlMIBOOavzC  ACZD.    Syn.  with  CAmerAxxio  Acm  (p.  709). 
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IWCWMlli.  A  gnbctanes  irhidi  oECompwuM  nUsD  piedpitatad  fron 
if  miuliier  bf  mb-uetate  of  lead,  *iid  fcimi  ■  gra«n  powder  w)ua  boiled  witi 

i;  or  bjdnicmoric  add. 

OKOXEBKAK.    A  prodoet  of  the  ution  of  chlorine  on  hjdiste  of  i^rricT 
lu  uulvni  agiraB  approximatol;  with  the  onpirical  formnU  C**H**^"'*0 
B,  Ann.  Cb.  Phum.  IzxL  111.) 
DXOKBUUVa.    See  CBonnuri'ii*.    . 
•wj^arm.    Bee  MMumjin. 

Componndi  of  merenrii:  diloride  with  buic  metallii 
t,  or  with  h  jdrocbloratce  of  organic  'bttet,  <.  g.  CStUnvnitrvtiraUt  ef  polatniim 
g'Ci? ;  KCLHg^Cl' ;  Ka.aHg"Cl' ;  CUomnermraie  of  moTfkae.  C"I1■•^U■ 
j-c^x  Tk«  .^  »w.i_^  h.  mixing  the  ■qneoni  or  alcoholic  nlutiolu  of  lb 
mm.  part  erjatalliuble. 

■   HnFKTXBirm.     CH-n^l'O'.— A  errrtJIiin 
of  chknioe  on  nathjlie  alcohol  (g.  e.) 
C*B*C1*. — An  oily  lii^nid  produced  by  th«  action  o 
tncMoromethyL      It    baa  the   eompoaitioii  til  dicltiorttAylftu 

nt.  Aon-Ch.  Fbya.  Ixiii.  382.)    (See  Acbtatb  of  HsTEn,  p.  23.)     - 

OKOMAVXTHAJTB.     Bee  VATBTHALnn. 

OBOVAVBTBAKZa  AOQI.    See  ViTBrsuxn,  CHLOBura-DiBtvATiva 

OXOWICIUO  AOZB.    This  name  wu  ^ven  bj  St  Eyre  (Ann.  Ch.  Phyi 

184),  to  an  acid  crratalliaing  in  microecopie  finirHnded  nndlea,  which  he  ob 
•J  paniiDs  chlorine  into  a  aolntion  of  benioate  of  potanium,  containing  eicts 
h.  St.  Erre  uBsi^edlo  this  acid  the  fbrmnlat^H'ClO'.  Bat  from  the  eipe 
of  Fisani,  mode  id  Oerhardt's  laboratory,  it  appean  that  tbii  acid  is  nothmj 
tobenioic  acid,  C'H'CIO*.    The  add  prepared  a«  aboTe  was  foond,  after  pnrificu 

repeated  ciyetallisation,  to  be  identical  in  compoaition  and  properties  witl 
mzoic  ucid  prepared  by  the  action  of  pentachloride  of  phoephoros  on  salicyii 
on  lalycilabe  of  melhyl.     E.  Kopp  likewisB  obtained  nothing  but  chlorobanioi 

paasing  chloiine  into  a  solution  of  benmic  acid  in  caiuticBoda.  Hence  abo 
>e  infened  that  St.  Eire's  cMoroniefanide  is  identical  with  cblorobenzamide 
oroniccHt,  a  volatile  liquid  obtained  by  distilling  chlaroniteic  add  with  boiyt 

is  the  eame  as  chlorobeniene,  CHtH ;  and  that  cAlorcnieint,  a  base  obtaiaei 
octioD  of  salphide  of  ammonium  on  chlonmidne,  is  ideotical  with  chloro 
mine.    (Gerh.  iii.  B80.) 

OSOVA&i  A  hydrated  ferric  ailicate,  of  which  then  are  two  Torietiee,  th' 
la]  and  the  earthy.  The  fbncer  has  a  pistocliio-green  colonr,  is  Iranslucent  o: 
ee,  has  a  flat  eonchoidal  ftactaie;  specific  gravity  2-1S8;  hardness  15.  Th 
laa  light  green  colour,  rerging  towaida  ohTe-green  and  brown,  is  sometimes  com 
let  imea  friable:  the  compact  Tariel;  is  reiy  soft.  The  compodtion  of  this  miners 
onsidersbly.  as  the  following  analyses  will  show :  1,  2,  &om  Hungry  (Be  rn 
and  Bracdes,  Schv.  J.  zxxr.  29) ;  3,  1,  from  the  Meeaaer  Stembeig,  nea 
en  (Hiller,  Jahreaber.  I.  Clem.  I8fi7,  p.  871) : 

BCp       FbH)*  AI-O-       Mg'O    Mn'O      H'O 

mchtndal        48  S3  1  2  —        13     -   KM) 

uthy      .        46  32  078  3  —        20     =     fi9  7  J 

71-6         IS'3  2-1  IS      tracs        83  -     99  8 

mchaidol         39'7  !8'0  3'7  2'4       trace        26'1  =      OSS 

Imps  a  miitnrs  in  variable  proportions  of  Opal  with  a  hydrated  ferric  eilioite 
liO'  +  BH'O,  the  eonchoidal  variety  analysed  by  Hiller,  containing  obout  11 
.  of  the  ferric  silicate,  the  tarthy  variety,  70  per  cent.     (Jahiesber.  loc,  cH.) 
SBOVAXKASATXa.    Compounds  of  dlchlorids  of  polladiom  with  thi 
tic  metallic  chlorides,  or  with  hydtochlarataa.     They  are  not  moch  known. 


IKOVAKBKXTXO  ACID.     See  Fauono  Acm. 

>BOPBBOS£OKXO^  ACZO.     q*0"?— A  eompoond  said  to  be  prodoMd 

ling  chlorous  anhydride  to  sunshine,  the  containing  vessel  being  at  the 
a  immeraed  in  water  of  20°  C.  It  is  a  reddish  brown  liijnid  which  ii  de- 
1  by  heat,  but  not  ejqilnBiTely;  forms  extrem ply  dense  white  fumes  in  con- 
moist  air,  and  is  derornpotied  by  potash;  yields  1  at.  chlorite  and  2  nt,  chloratf 


\i>\ 


!■, ' 


!        t 


'  I 


"  I 


i       1 
i 

{. 

irI  * 

nk 

» 

■I 

■|' 

l[^[ 

922 


CHLOROPH-ffilTE— CHLOROPHYLLITE. 


of  potassHim:  C1«0"  +  3KH)  -  2K010«  +  4KC10*.    (Millon,  Ann.  CL  Phye.  [3] 
TiL  298.    It  iB  perh«pe  hyperehlorie  oxide,  a*0**  -  3C1*0*  (p.  907). 

CS&OBOPB JBZTB,  A  ferrons  silieato,  occniring  in  foliated  or  gnnnlar  maasiTe 
forms,  in  the  Faroe  Islands,  also  in  the  neighboorhood  of  Fifls  and  of  Newcastle.  It  has 
a  dark  green  colour,  and  snbreeinons  lostre;  specifle  gravitPf  2*02 ;  haxdness  r5  to  2. 
According  to  Forchhammer^s  analysis  (Berz.  Jahresl^.  xxiiL  265),  it  contains  82*6^ 
per  cent  silica,  21*56  protoxide  of  iron,  8*44  msgnesia,  and  12*16  watei;  vhenoe  th» 
formula  2(iFe"0.iMg''6).3SiO'  +  12HH),  which  may  be  represented  as  an  orthoeili 
eate  of  the  form  (S3l»)Si«0'«  +  8HH). 

CB&OROFBJBraucTa.  A  hydrated  ferrous  silicate,  found  in  caTities  of  th< 
amygdaloidal  porphyry  of  Weissig  in  Saxony.  It  is  blackish-green,  with  dirty  apple* 
green  streak ;  not  very  hard ;  of  specific  gravity  2*684.  Ana^sis  gare  59'4  per  cent 
SiO',  12*3  Fe^,  and  6*7  HK),  besides  ammina,  magnesia,  lime,  potash,  and  soda. 
(Jeuzsch,  Chem.  Centr.  18o6,  76.) 

CB&OSOPBAVB.  A  Tariety  of  fluorspar,  which  emits  a  green  light  on  calcins^ 
lion. 

CB&OBOVBSVaSZO  ACZD.  Syn.  with  Dichlorophenic  add,  CH'Cl  0.  (Se« 
Phbnic  Acn>.) 

CR&O&OVBXHXSZO  ACZB.    Syn.  with  TBiCHLOBOPHSiao  Acni. 

CB&O&OFHIUI  UWZO  ACZD.    Syn.  with  PnrTAOHLOBOPHsxio  Acid. 

CB&OBOPBBVTli.  This  name  was  applied  by  Laurent  to  a  crystalline  substance 
obtained  by  the  action  of  boiling  nitric  add  on  trichlorophenic  add.  It  ciystullised 
in  yellow  scales  insoluble  in  water,  soluble  in  alcohol  and  ether,  and  subliming  in  rery 
brilliant  scales.  Analysis  gave  37*8  per  cent  C,  1*88  H,  and  54*30  CL  (Oerh.  ii.  28.| 

OB&omOFBOBVBZIMi  Ol*  VZTmOC«W.    See  NmiooBii. 


(Berselius,  Ann.  Ch.  Pharm.  xzL  257,  262;  xxriL  296.— 
Verdeil,  Compt.  rend,  xxiii.  689. — Schulse,  ibid,  xxxiy.  683. — ^Mulder,  Ann.  CL 
Phann.  liL  421.)— The  colouring  matter  of  leayes  and  the  other  green  parts  of  plants. 
It  is  extracted  by  digesting  green  leayes  for  sereral  days  with  ether,  evaporating  the 
filtered  liquid  to  diyness,  treating  the  residue  with  boiling  alcohol,  and  adding  to  the 
solution  a  small  quantity  of  milk  of  lime,  which  predpitates  all  the  colouring  matter, 
while  the  alcohol  retains  a  quantity  of  fat  which  was  mixed  with  it  The  chlorophyll 
is  separated  from  the  lime  by  means  of  hydrochloric  add  and  ether,  which  dissohres 
the  colouring  matter,  forming  a  green  stratum  at  the  top  of  the  liquid.  By  evaporatiiig 
the  ether,  the  chlorophyll  is  obtauied  in  the  pure  stat«. 

Chlorophyll  thus  prepared  is  an  earthy  powder,  of  a  deep  green  colour,  unalterable 
in  the  air,  infusible,  sustaining  a  heat  of  200^  C.  without  aecomposition,  but  deeom- 
pomng  at  higher  temperatures.  It  is  insoluble  in  water,  even  at  the  boiling  heat ; 
easily  soluble  in  alcohoX  less  in  ether.  Adds  and  alkalis  dissolve  it  with  green  colour : 
a  solution  of  alum  predpitates  it  Nascent  hydrogen  decolorises  it  like  indigo 
(Mulder).  Mulder  represents  chlorophyll  by  the  formula  C*H*NO\  which  however 
cannot  be  considered  as  established.  Accor£n^  to  Verdeil,  chlorophyll  has  a  great 
analogy  to  the  colouring  matter  of  blood,  and  like  that  substance,  contains  a  Urge 
quantity  of  iron.  According  to  Morot  (Jahresber.  f.  Chem.  1859,  p.  562),  chlorophyll 
is  C'*H»NK)*,  and  is  always  accompanied  by  a  fktcy  substaoo^  C*H'«0.  The  latter 
is  produced  by  the  action  of  atmospheric  oxygen  on  starch,  according  to  the  equ;ation ; 

2C"H'*0»  +  0«  -  C^»*0  +  4C0«  +  8H^. 

and  chlorophyll  results  from  the  simultaneous  action  of  carbonic  add  and  ammonia  on 
this  fat,  under  the  influence  of  light : 

C»H"0  +  2NH»  +  10CO«  -  C'"H*NH)»  -i-  0» 
Accordinff  to  Sehultse,  chlorophyll  forms  the  colouring  matter  of  several  green  ani- 
malcules inhabiting  ponds  and  ditches,  such  as  polypes,  turbellarias,  and  infusoria 
(Hydra  viridit.  Vortex  iriridia,  Mesostamum  viridatum,  Derosiamum  c&cum^  Stmtar 
polymorphus,  Ophrydium  versatile,  Bursaria  vemalis). 

the  name  Erythrophyll  htm  been  given  to  the  red  colouring  matter  of  leaves  in 
autumn.  It  is  soluble  in  water  and  alcohol ;  dissolves  with  brown  colour  in  alkalis, 
and  forms  with  lead-salts,  a  predpitate  of  a  flne  green  colour. 

OB^OBOPBTULZTB.  An  altered  fbrm  of  cordierite,  found  at  Haddam  in  Con* 
necticut,  and  Unity,  New  Hampshire.  It  occun  in  trimetric  crystals  of  the  same 
form  as  the  original  cordierite,  ot  greyish  or  brownish-green  colour,  and  pearly  lustre ; 
specific  gravity  2*782.  According  to  Rammelsbeig's  analysis,  it  contains  46*31  per 
cent  SiO',  2617  ATO",  10*99  FeK)«,  10*91  Mg^O,  trace  of  Mn'O.  0*58  Ca^O,  and  6  70 
water  (  —  100*66),  which  numbers,  if  a  small  quantity  of  iIr-  Iron'W  supposed  to  exist 
as  protoxide,  may  be  nearly  represented  by  the  formula  2(M"O.M'0'.2SiO»)  +  3aq.,  or 
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ii'ty  t  3Mq.,  which  is  that  of  ■  hydnted  wrdiarit*.    (BanuiuUicr^*  JUitiuraf- 

833.) 

>BOVIcmM.    CCIVO'    (Stenbonse,  FhiL  Uag.  [3]  xx^il  £3.— a«F- 
ad  CshourB,  Compt  chim.  1819,  pp.  31  uid  170.) — Tbia  componnd  may  be 

w  musb-w,  CH',  in  iriueh  I  at.  H  ia  npUosd  lij  NO*,  and  3  more  hj 

It  ie  prodricvd :  1.  Br  tbo  dtatilUtinn  of  picric  add.  Ethnic  add,  of  cluy- 

add  with  diloiida  of  uma  and  mtar :  hniee  alaa  wlimi  the  bodiea  which 


.  futic,  i«d  aandal-wood,  &c  Laatlr,  Dammara  nsin,  and  the  chlorinated 
mad  in  the  decompoaitioD  of  nanie  acid  br  chlonna,  likewias  yield  chloiopicrill, 
»l«d  with  nitric  add  and  chloride  of  lune. — 3.  Bj  tnstins  picric  add  with 
water  or  »qna-regi»i  ar  ■  mirtma  of  ehlonWe  of  polaaaimn  and  hydroehlorie  add. 
pare  it,  aqneona  piciiE  add  ia  diatiUed  with  chlorida  of  lima  till,  after  about  a 
)f  an  hoor'a  boiling,  no  more  heavj  oil  paaaea  over  with  the  water.  Sboold 
u«  be  still  jellow,  it  mnat  be  rediatilled  with  freah  chloride  of  lime.  The  oil 
ted  from  the  w«t«rT  diatillate,  waahed  with  water  la  which  a  litUe  carbonate 
Eaam  haa  been  aoded,  dried  bj  pUdng  it  OTCr  chloride  of  caldum,  and 

ipicrin  ia  a  tnuiaparent,  colonrleea,  strongly  re&acting  oil,  of  apedfio  gnritj 
■oiiing  at  130°  C.  Iti  odonr,  in  the  dilate  state,  ia  peenliariy  areniBtte,  bnt  in 
sntnted  state  very  ihain,  and  attacka  the  nose  and  eyea  lese  Dcnistently,  bat 
riolently,  as  volatile  chloride  of  cyanogen  and  oil  of  mtutarcL  It  is  nsntral 
ibis  colonn.  It  dissolves  sparingly  in  wal«r,  veiy  easily  in  alcohol  and  ether. 
Ipicrin  nutaina  without  alteration  a  heat  of  IfiO"  C. ;  but  whan  paaasd  through 
t  tnbe,  it  is  completely  deoomposed,  yielding  nitric  oiide,  chlorine,  and  tK- 
of  carbon.  A  amaU  piece  of  potaarinm  gentfy  heated  in  the  oil,  caoses  stroDK 
1 :  at  ordinary  tempantorea,  it  tbrma  in  »  ttw  days  chloride  and  nitrate  of 
n.    Chlorapicrin  ia  not  decompoaed  by  aqaeoitB  potash,  even  after  prolonged 

bnt  alcohcdie  potash  gradnally  decomposes  it,  training  chloride  and  nitrate  of 
n.  Aqnpoiu  ammonia  exarta  aeareely  any  action  npon  chloropicrin ;  bnt  with 
ical  gas  or  alcoholic  ammonift,  it  forma  chloride  and  nitntc  of  ammonium.  It 
ted  npon  by  mlphnric,  nitric,  or  hydrochloric  add,  even  at  the  boiling  heat. 
[OPicBiH.  CBr^O".  (8tenhonae,PhiLMag.mriiL3e.)— Obtained,  like 
ain,  by  distilling  picric  add  with  solntion  of  hvpobromite  of  caldum  (lime- 
ntaining  bromine),  and  porificd  by  waihiog  with  cubonate  of  aodium,  agita- 
1  mermry,  and  digestion  (not  distillation]  with  chloride  of  caldum.  It  ia  a 
a  liquid  heavier  than  water,  having  the  acrid  odonr  of  chloropicrin.  It  is  in- 
n  water,  easily  aolabte  in  alcohol  and  ether.  It  may  be  heated  to  its  boiling 
tore  100°  C.)  without  decomposition,  bat  ia  then  decomposed,  with  evolntioa 
i-Tcd  vapODn,  even  in  an  atmoepbeie  of  carbonic  anhydride.  At  a  higher 
nre,  it  dacompoaea  with  alight  explosion.  The  alooholic  aolntion  ia  alowly 
ted  by  nitrate  of  silver  in  the  cold,  immediately  when  heated. 
tBOVb&TXVATMi  CompouDda  of  teteaehlorids  of  [datinnm  with  the 
lie  metallic  chlorides,  or  with  the  hydrochloratea  of  organic  baaaa  :  e.g.  CUoro- 

of  aHimoawn,  2NH'Cl.PlCl< ;  CUorapialBiaU  nf  StryeianK,  2(C"'H'"N»0*. 
II'.     (See  Plitiioib.) 

>KOFULTI>  XTBB.    Oompounda  of  dicblorida  of  platiTinm  with  mora 
talbci-liloridiis:  6'AJi>ra;>/a(iiute  o/polnHiun,  2EC1  J^C]>.     (See  PunmiK.) 
WOMMOllATM.    Compounds  of  trichloride  of  rhodium  with  more  baaic 
I,  t,  g.  CUororladaU  qf  mmoniuiH,  4NH'CLSh>C3*. 
>XOBVSXV.     See  RuBiAK  and  Uuman. 
SeeSuJcnt. 

See  Sujamnx. 

with  Htdudb  o»  CHLoaaxOBALicn.    (See  Salitti..) 

las-^reen  epiasl  &om  SUlonat  in  the  Uial,  of  spedfto 

according  to  two  analyses  by  H.  Boas  (Pogg. 

Alt)*  PaKJ*  M^O  Cn"0  C*"0 

8113  8-70  38-77  O-ST  0-27  -  10024 

bin  11-77  27'IS  063  —   -  100-33 

lie  fiirmnla  Mg-0,(A1'0' ;  FaK)*)  or  Mg-(AI' :  Fe')''0*.  It  U  diatingiushed 
lonile  (p.  B13)  by  the  abaance  of  famma  oiiide. 
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CS&OSOSTKTCBirzva.    See  STBTOKNDra. 

OB&O&OSimULOIir.    See  Sttbacik. 

CBM>&OSll'OOZO  ACXB.    An  add  obtained  by  the  metamoipboeiB  of  pevehlori- 
nated  succinate  of  etbyL    (See  Suocoao  Ethsbs.) 

CB&OSOBVOCZVSMXBB.    See  Suocxnimidb. 
CK&OSOTaSBBBMB.    See  TBBSBHmB. 

CJK&OXOBV&VKinuO  ACni.    See  Suzjphitbtl,  Ghlobidb  of. 
CB&OAOVA&SSZ8ZC  ACXD.    Syn.  with  Tbigklobotauduc  AcED.    (See  Va* 
LBRXC  Acm.) 
CB&OKOVA&BXOSZO  ACZD.    Sjn.  with  TmLkCHLOBOYAJLiBio  Acm. 
CB&OmoZA&OVnrSO  ACZB.    See  OxAXJO  Ethbbs. 

CB&O&OBAKBTBAn.    Syn.  with  ^ntachlobinatbd  Oxaxatb  or  Etbtu 
(See  OzAxio  Ethbbs.) 

cm&OBOXaTBXBB.    Syn.  with  CHLOBOXALOmfZo  Akrtdbzdb.    (See  Oxauo 
Ethbbs.) 

CB&OSOXSTBOBa.     C*Ci*0,    (Mala^uti,  Ann.  Ch.  Phya.  [3]  xyi.  19.~0b- 
tained  by  the  action  of  monosnlphide  of  potassinm  on  perchloric  ether : 

C«a»»0  +  2K«S  -  4KC1  +  S«  +  C*C1*0. 

To  prepare  it,  50  pto.  of  monosulphide  of  potasaiom  are  heated  with  16  pta»  of  ptr- 
chloric  ether  and  200  pts.  of  alcohol  of  95  per  cent.  Chloride  of  potaaaium  ia  then  de- 
posited ;  the  liquid  assumes  a  dark  colour ;  and  after  a  day,  the  aepoait  of  chloride  of 
potassium  becomes  covered  with  crystals  of  sulphur.  On  adding  water  to  the  liquid, 
chloroxethose  separates  in  the  form  of  an  oil. 

It  is  a  colourless,  limpid,  oily  liquid,  having  an  agreeable  odour  like  that  of  meadow- 
sweety  and  a  saccharine  taste.  Specific  gravity  1*664  at  20^^  C.  BoHs  at  210^  C.  with 
slight  decomposition.  Insoluble  m  water,  soluble  in  alcohol  and  ether.  It  ia  alt(n>d 
af&  some  time  by  exposure  to  the  air.  It  is  not  attacked  by  alkalis  or  by  ordinafy 
nitric  acid ;  but  nitric  acid  of  specific  gravity  1*5  attacks  it  strongly  when  heated.  On 
-  exposing  it  to  sunshine  in  an  atmosphere  of  chlorine,  crystals  of  perchloric  ether  mnke 
their  appearance  after  a  few  days :  GK^'O  +  CI*  «-  C*Ci'*0.  It  likewise  absorbs  bro- 
mine in  sunshine,  producing  perchlorobromic  ether.  Exposed  to  the  action  of  chlorine 
under  a  layer  of  water,  it  yields  hydrochloric  and  trichloracetic  acids : 

C*CIK>  +  a*  +  8H«0  -  4Ha  +  2C«H01«0«. 


CB&OXOXTVAVBTBAZiZC  ACXXI.     See  Oxtnaphthauc  Aod. 

CBOCBOOA.  A  name  applied  by  the  natives  of  South  America  to  dried  potnf  ops 
prepared  by  exposing  the  peded  and  boiled  tubers  to  the  alternate  action  of  &ost  and 
sunshine. 

L    Syn.  with  Cbtolxtb. 

C*H"N*0»*  -  C«H"(NO«)*0*(?)— A  product  of  the  action  of 
nitric  acid  upon  bile.  This  action  gives  rise  to  both  fixed  and  volatile  products.  The 
volntile  substances  formed  are  caprii^  caprylie,  valeric,  and  butyric  aci<C  together  with 
an  oily  body  which,  when  treated  with  strong  caustic  potash,  is  resolved  into  nitni- 
eholic  acid  and  cholacrol,  which  latter  may  be  separated  from  the  ssline  solution  by 
decantation.  It  is  an  oily  neutral  body  having  a  strong  odour ;  dissolves  sparingly  in 
water,  freely  in  alcohol  and  ether ;  when  heated,  it  decomposes  with  slight  explosion. 
(Bedtenbacher,  Ann.  Ch.  Fharm.  IviL  146.) 

OBO&A&XC  AOZS.  C<«H'«0*.— Syn.  with  eholic  acid,  the  non-asotised  arid 
obtained  by  the  action  of  alkalis  on  tanrocholic  and  glyoocholie  adds.  (See  Chcuc 
Acid.) 

CBO&BZC  ACZB.    Syn.  with  Taubochouo  Acm,  the  sulphuretted  acid  of  bile. 

CBO&aSTUZC  ACZB.  C"H'«0«.  -This  add  is  produced,  together  with  oho- 
loidanic  add,  oxalic  acid,  several  volatile  acids,  and  a  resinous  substance,  by  tlie 
action  of  nitric  acid  on  cholesterin.  Choloidic  and  glycochoHc  adds  treated  with 
nitric  acid  yield  the  same  products.  To  prepare  it,  choleeterin  is  treated  with 
nitric  acid  in  a  retort,  the  distilled  liquid  being  frequently  poured  back,  whereby  a 
resinous  mass  is  produced,  which  slowly  dissolves  after  prolonged  boiling  with  excess 
of  nitric  add.  The  liquid,  when  suffidently  concentrated  in  tihe  Ktort,  leaves  an  add 
gummy  residue,  containing  a  large  quantity  of  cholesterie  add,  mixed  with  choloidaaic 
add  and  a  resinous  substanee ;  and  this  reddue,  on  cooling,  separates  into  two  layen, 
the  upper  of  which  consists' of  oystalline  choloidanic  acid,  while  the  lower,  which  k 
visdd,  consists  chiefly  of  cholesterie  acid  oontaining  a  little  oxaHc  add.    On  satca^ 
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tpuA  vith  amTnom&,  precipitating  by  nilrato  of  litTcr,  and  boiling  (he  pNCi- 

h  w&ter,  eholestente  of  ■ilTcr  ia  deposit«d  in  ci7itallinB  cnuta,  vbieh,  when 

sd  hj  nilphurett«d  hydrogen,  yi^ld  Ui«  add. 

eric  add  it  a  yeUowiab  gununy  solid,  resembling  the  gam  of  the  chprrj'tree. 

jnesront ;  Tny  soluble  is  wntoi  and  aleohol ;  baa  ss  scid,  bitter,  and  sstrin- 

'.  and  is  decomposed  by  distilUtioD,  giring  ofT  bitter  vapours  and  leaying  a 

ble  quantity  of  chareonL 

mulaof  thedlo/utenifai  is  CH'MK)'.    The  alkaline  and  earthy  siJta  are 

id  QpoystitJliaabie ;  the  cboleeterBtes  of  the  heavy  metals  are  insoluble. 

Ill  I  UU  I M  C**H"0. — This  >nbBtBn<<e  was  first  obtained  by  Conradi,  in 
a  human  gall-atones,  of  which  it  sametimea  conatitotea  nearly  the  entire  anb- 
It  has  been  found  in  haman  bile  bj  CbeTrenl  (Ann.  Chim.  xcr.  6 ;  xctL 
the  blood  by  Leeana  (Ann.  Ch.  Fhja  IxriL  64),  Boudet  (ibid.  lii.  336), 
'.  ChioumM.  [i]  It.  101),  and  by  Beeqnerel  and  Bodier  (Gal.  mM.Ko. 
1  the  brain  (Cooerbe,  Ann.  Ch.  Phys.  lTi,2Bl;  Fr*my,  ibid.  [3]  u.  486),  in 
'gg  (Lecanu,  J.  Fbann.  xr,  1 ;  Oobley,  ibid.  [3]  xiu  12),  and  in  certain 
rodncts  of  the  animal  economy,  auch  as  cerabral  concretions,  scirrhoos  matter 
'sorolon,  hydropic  liquid  of  the  abdomen,  OTaries,  teatides,  &c  (Lass  sign  a 

Phys.  ii.  324;  O.  Henry,  J.  Chim.  mid.i.  280;  Caventoa,  J.  Fharm.  li. 
hmann,  Lshrb.  d.  PhyidoL  Chem.  2"  Anfl.  i  288).  The  first  eiact  analysis 
terin  iras  made  by  Cheyienl,  who  asaigned  to  it  the  formola  abore  given, 
morphoaea  have  been  studied  by  Harchand  (J.  pr.  Chem.  xtL  37), 
bacber  (Ann.  Ch.  Pharm.  IriL  145),  Ueisaner  and  Schvendler  (Oid.  liz. 
I  J.  pr.  Chem.  ••^^r  247),  Zwenger  (Ann  .Ch.  Pharm.  Izri.  6;  Ixiz.  347). 
(Pd^.  Ann.  |T»i;t.  fi24),  and  Berthelot  (Ann.  Ch.  Phya.  [3]  Iri.  SI). 
terin  is  eaailj  prepared  by  eryrtallising  hiHary  eafcutt  from  boiling  alcohol, 

a  little  potash  la  added  tudissolvs  any  fiittyadda  that  maybe  present.  The 
in  is  then  deposited  in  colourless  nacreous  lamina.  To  obtdin  cholesterin  trom 
it  sabstance  is  (nated  with  ether,  the  ethereal  extract  boiled  with  almholic 
nd  the  li<jnid  left  to  cooL  It  then  deposits  cholesterin  mixed  with  cerebrate 
phate  of  potasaiom.  from  which  the  cholesterin  may  be  dissolved  out  by  ether, 
terin  is  white,  tasteleea,  inodorous,  insoluble  in  water,  sparingly  soluble  in 
[lol,  but  dissolTes  veiy  ttuily  in  boiling  alcohol,  from  which  it  separatee  on 
a  beantdfol  oystaUine  nacreons  lannnc,  soft  to  tlie  loach,  and  melting  at 

It  diseolves  also  in  elher,  wood-spirit,  oil  of  tnrpentine,  soap-water,  and 
Its.  A  solution  of  cholesterin  in  a  mixture  of  3  rola.  alcohol  and  1  toL  ether 
liy  spantaneons  evapomtian  laminated  tninspareDt  crystals  of  bydrate  of  cbo- 
C"H"0  +  BTO,  which  give  off  their  water  at  lew"  Q 

terin  resists  the  action  of  concentrated  alkaline  solutions  even  at  the  boil- 
;  but  lime  decomposes  it  st  about  2S0°  C,  hydrogen  being  given  off  and 
isl«iD  being  couTerted  bto  an  Bmorphons  btty  &ij  nearly  insokbU  in 

terin  is  attaded  by  chlenne  and  bromine,  yielding  snbstitution-prodDcts :  the 
impound  ia  CPH^l'O.    For  the  action  of  nitnc  acid  upon  cholesterin,  see 

terin  soblimes  without  alleration  at  200°  C,  bot  decompOKs  at  a  higher  teupo- 
ielding  several  oily  products  and  a  solid  bcidy.  When  distilled  in  a  letoit,  it 
■arbonaceous  residne  and  a  nentral  oily  liquid  insoluble  in  potash,  from  which 
distillation  with  water  separatea  a  volatile  oil  having  the  igieeable  odour  of 

ttnm^  tatphuric  add  is  gTadoaUy  added  to  a  slightly  heated  miitnre  of  cho 
nd  dilate  sulphuric  acid,  the  chaleaterin  becomes  soft,  acquires  a  deep  red 
d  decomposes,  giving  off  all  ita  oxygen  in  the  form  of  water,  and  ia  changed, 
iTolution  of  gas,  into  three  isomeric  tiydrocarbons,  which  Zwenger  designates 

Bterilin,  0,  i,  and  c;  they  are  insolable  in  water,  and  may  be  freed  from  snl- 
id  bJwBshing  with  that  liquid.     These  hydrocarbons  are  easily  crystallisable, 

cholesterin  are  remarkable  for  poeseasiug  high  melting  points,  a  Las  an 
ipect,  melts  at  240°  C,  and  is  nearly  insoluble  m  alcohol,  veiy  sparingly  lo- 
ther;  b  forms  shining  scales  melting  st2£fi°,  moderately  soluble  in  hot  ether; 
a  the  fused  state  it  loses  the  power  of  oystallinng ;  c  is  resinona  without 
ce  of  ciystalliaation,  and  melts  at  127°,  it  is  also  soluble  in  hot  ether, 
oncentiated  jiAceTiAoric  aeid,  cholesterin  forms  two  compounds,  caUed  cboles- 
a  and  B,  isonieric  with  each  other,  but  differing  in  physical  propertiee.     Cho- 

a  forma  very  brilliant  rectangolar  prisms,  melting  at  63°  C,  and  distilling 
ithont  alteration;  easily  solahle  in  alcobo!  and  ether.     The  modification  | 
all  silky  needles  aparinaly  soluble  in  ether,  nearly  inaoluble  in  alcohol. 
iDifioiitiou  of  churestcnliii  and  cholesterone  flgre<»  nearly  with  the  fbrmnla 
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C^^ ;  they  are,  therefore,  either  isomeric  or  polymeric.  Their  fomutioin  from  cIm>- 
leeterin  ia  repnsented  fay  the  eqimtioii : 

C"^**0  -  H*0  -  0«««, 

Thif  deoompoeitioii  showi  that  cholesteriii  partakes  of  the  nature  of  ao  alcoM;  it  ii^ 
in  fiict,  homologous  with  cimiamic  alcohol,  and  its  formula  may  be  written  0^H*«H*O. 
Heated  with  acetic^  bntTne,  benzoic,  and  stearic  acids,  it  forms  compound  etheny  with 
elimination  of  water ;  thus  with  stearic  acid : 

C"fH)jo^C-H-jo.C»ffK)|o,HK). 

StMile  Cboles-  8tf>arate  or 

add.  terra.  cholectetyl. 

These  ethers  are  prepared  in  the  same  maimer  as  the  glycerides,  and  are  pnzified  by 
boiling  the  product  with  eight  or  ten  times  its  volume  of  alcohol,  which  extracts  the 
unaltered  cholesterin,  and  crystallising  £rom  boiling  ether. 

Beiuoaie  of  Ckolesteiyl,  &*WO*  »  C'H*O.C«K«*.0,  crataUises  in  small  shining 
micaceous  laminae,  which  melt  between  125°  and  130^0.,  dissolye  with  moderate 
facility  in  ether,  Tery  sparingly  in  boiling  alcohol  The  hutynUe^  OH'0.CH*.0,  is 
easily  fhsible,  somewhat  soluble  in  hot  alwhoL  The  itearaie^  C"H"O.G*^^.0,  07*- 
tallises  in  sinall  shining  needles,  haying  a  neutral  reaction,  sparin^y  soluble  in  eold 
ether,  nearly  insoluble  u  akohol  exen  at  the  boiling  heat.  The  aodaU  has  Hhcwiae 
been  formed,  but  is  difficult  to  purify,  being  more  soluble  in  alcohol  than  the  preeeding 
compounds.    (Berthelot) 

<niOIA«Tmo»BAWa.  C*H*NK)*.— The  name  given  bjr  Bochleder  to  the  teal 
product  of  tiie  action  of  chlorine  on  caffeine  {a,  v.),  caUed  also  nitrotheime  hy  Ste&honse, 
and  regarded  by  Oerhardt  as  dimetkylpafaSamc  acid,  C*(CH*)<NK)*.  It  ia  also  ob- 
tained by  tiie  action  of  nitric  add  upon  caffeine.  It  is  soluble  in  alcohol,  and  oyiCal- 
lises  in  iridescent  scales,  which  sublime  at  100^  G.  Boiled  with  potaah  it  yields 
carbonate  and  oxalate  of  potassium,  and  giTss  off  ammonia  (aoooKding  to  BoefaliednrX 
or  rather  methylamine. 

OBO&IO  ACOB.  CMalie  AM,^  0**H«H>*.— This  arid  was  discovered  by  Be- 
mar^ay  in  1838  (Ann.  Ch.  Phys.  [2]  Ixrii  ni\  further  examined  by  Theyer  and 
Schlosser  (Ann.  Ch.  Fharm.  xlriii  77 ;  L  286),  and  Anally  1^  Strecker  (ibid.  Ixt. 
9 ;  Ixrii  1 ;  Ixx.  161,  166).  It  is  piuduced  by  the  action  of  alkalis  on  the  adds  of 
bile,  vie  g^vcocholie  and  tauroeholic  adds,  the  decomposition  taking  place  in  tha  manner 
mpreaentod  by  the  equations : 

Olycecbolfc  CboHc  Gtycodne. 

■cML  add. 

C^*^SO»  •!•  HK)  »  C»»H«0»  +  (?H^SO». 
Taurocfalorle  Cholle  TMirin«. 

add.  acid. 

Cholic  add  does  not  exirt  ready  formed  in  normal  bile,  but  is  produced  fiom  the 
nitrogenised  adds  of  bile  during  the  putrefaction  of  that  liquid  after  its  removal  from 
the  body.  Similar  dianges  appear  also  to  take  place  within  the  body  in  certain 
states  of  disease ;  hence,  accoroing  to  Thudichum,  it  occurs  in  gall-stones  (p.  688)b 

The  easiest  mode  of  preparing  cholic  add  is  to  boil  the  resinous  adds  predpitated 
by  ether  from  an  alcoholic  solution  of  bile  (p.  686)  with  baryta-water  in  a  retort 
having  its  neck  directed  upwards,  adding  as  much  hydrate  of  barium  as  will  disaolf* 
in  the  boiling  liquid,  and  continuing  the  ebullition  for  about  twelve  hours.  The  oys- 
talline  mass  of  hydrate  and  cholate  of  barium  obtained  on  cooling,  is  decomposed  by 
hydrochloric  add,  the  cholic  add  then  separating  as  a  glutinous  resin,  while  chloride  r/ 
barium  remains  in  solution.  The  cholic  add  is  suil^red  to  remain  in  the  liquid  till  it 
is  completely  solidified,  a  few  drops  of  ether  beinff  added  to  accelerate  the  process,  after 
wluch  it  is  washed  with  cold  water,  dissolved  inboiling  alcohol  or  ether,  and  the  solu- 
tion left  to  crystallise.  Potash  may  be  used  in  the  preparation  instead  of  baryta,  but 
it  is  less  advantageous. 

Cholic  add  has  a  bitter  taste,  with  slight  saccharine  aftertaste.  It  oystaUiaes  in 
two  difibrent  forms,  and  with  diffierent  quantities  of  crystaUisation-water,  aooozding  as 
it  is  deposited  from  alcohol  or  ether. 

a.  2C*«H^*0*.6H*0.  This  hydrate  is  deporited  fhnn  boiling  alcohol  It  ibrms 
tetrahedral  or  more  rarely  octahedral  erystols,  belonging  to  the  dimetrio  mtem. 

Observed  combinationa  ^^  .  o»P  and  P  .  ooPoo .    Batio  «f  prindpal  to  leeoiidaiy 


•  Cholie  add  it  tba  nama  originalljr  propoacd  b*  Daniar^af .  Stndwr  irflerwat^  alcarad  li  w  cbo. 
IaIIc  add,  rmerring  the  term  cholic  acfd  for  the  Bkrofanoug  Vile-acid  which  vield*  thia  add,  loMthtf 
with  glyeodne,  br  decomposition ;  but  it  It  mora  tyilamatle  to  eall  thli  nltroseDlicd  add  gbcMMIla 
add,  and  niuin  Dnnar^y't  nama  tm  tha  noo-aaotiaad  add. 
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16;  P:  P,  in  the  tenninal  ed^  -  116°  114';  in  Uie  lateral  edge*  '06°  40'. 
null  an  eolourlcn,  Tsiy  brittle,  and  hare  a  glu*;  Itutre.  Id  ■  diy  atmo- 
;h(7  loM  their  water  of  eiTBtaUiaation,  and  b«»me  opaqae.  Ther  dinolie  in 
.  of  telling  water,  in  4000  pta.  of  cgld  water,  in  ao-S  pt>.  of  eold  alcohol  of 
mdL,  and  are  Teij  ■olnble  in  boiliog  alooboL  The  iloMiolie  aiiliition  becomes 
n  addition  of  wider,  and  aA<c  a  whOe  depodte  ihiniBg  nerdln.     1  pt.  of  cbo- 

athr  t-hvdnte),  diiaolTea  in  37  pin.  of  ether. 
"C.H'O.  Thu  hjdnta  i*  depoeited  from  boiling  ether,  in  emtali  belong- 
he  trimetric  ijitem,  exhibiting  the  combination  aiP .  odPco  .  P,  but  haTing 
set  of  monoclinic  ojetaU.  in  eoneeqaenee  of  the  predominance  of  one  half  of 
Kte  in  the  eame  lone.  Itatio  of  braehydlagonal,  macmdiagonal,  aod  principal 
0-6036  :  t  :  0-3762  Incliution  of  iacH,  P :  P  -  71°  £8';  119°  Stf,  and 
I*;  F:  a>P  -  12A°  39';  a>P:  oeP  -  SS°  16';  eitie;  aJ>  -  1480(3'.    [E. 

two  hydrates  above  deaeribed  aeem  to  eontain  diffinnt  modiflesIioD*  of  chaBc 
be  dimetric  Tariety  gire*  off  all  it>  water  at  IOOBC,  ud  ma;  then  be  heated 


withont  demmpoeing,  wherea*  the  trimetiic  ntodificiitiDD  ia  not  eaaily  dehj- 
lelta.  with  decomposit'         '  " '""     ■"■     -  . .  ~     . . 

.    die,  and  ate  eaailv  eo 
acid  heated  to  200°C.  eirea  irfFthe  elements  of  1  at,  water,  and  ij>  conTerted 


It  100°,  and  melts,  with  decompositiOD,  at  1S0°.     The  two  modiOcatiocs,  how- 
eld  the  ume  ujla,  and  ate  easilv  eonreited  one  into  the  other. 


iloidic  aod :  C"H*'0'-H^1  -  CH-O",  and  at  290°  it  is  conTerted  in 

djBljiiin:  C"H-0'-2HK>  -  C^H-KF.    Bj  dietiUation.  it  jielda  a  jel. 


Terj  acid  oil,  with  odIt  a  very  slight  caibamKeans  reetdne.    The  oil  ia  aolnhle 
'  and  in  alkalis  :  the  ajkaliue  solution  precipitiitei  metallic  aalta. 
acid  dissoWes  easily  in  CHnatic^^alksJIi,  iJ 


.  expelling  the  carbonic  add.  The  CnouTan,  C"H"MO*,  have  a  Tcry  Uttee 
imetiniea  slightly  saccharine;  the;  are  aolable  in  alcohol ;  thoee  of  the  earth- 
and  hea^y  metds  an  sparingly  soluble  in  water,  and  may  be  obtained  l^ 

c  add  and  its  salts  give  with  ralphnric  acid  and  sugar  the  reaction  already 
>d  as  Pettenkafer's  tMt  for  bile  (p.  SS6]. 

lalt  of  ^nimani»m,obtaiDedb7piasingani3iam»ga*intoan  alcohoUe  so1» 
eholic  acid  and  precipitatiDg  bj  ether,  fbros  slender  needles,  soluble  in  water. 
composed  by  prolonged  eipoanre  to  the  aii,  with  loss  of  ammonia,  mon  qniddy 
ailed  with  water. 

ta(e  o/florittfit,  Ba'(l!"H"H)')',  is  obtained  by  diieolving  the  add  in  baiyta- 
gnenpitHtini;  the  eicma  of  barvtn  hv  nrbnnie  neiii,  and  coneentnting  the  fll- 
s  a  cryatalline  pellide  mammellated  on  the  sniAce,  lilkj  in  the  interior.  It 
>a  in  30  pta.  of  cold.  23  pla.  boiling  water,  and  in  a  smiUer  qnanti^  of  slcoboL 
ntiona  are  deoomposed  by  a  coDttcued  atreem  of  cnrbooic  add.  A  coDcentrated 
I  of  ehalate  td  potassium  yields  a  whits  flaky  predpitate  with  chloride  of 

lateof  CaleiutK,  is  predpitated  in  thick  clots,  which  dystallise  from  ether. 
tpir-ialt  is  a  bluish-white  predpitate.  The  Itadsatl  is  while,  sparingly  so- 
I  water,  soluble  in  alcohol  and  acetio  acid.  The  manganeti-talt  it  a  semi' 
ine  Boceulent  precipitatCL  The  nercMry^alU  are  white  predpitatea,  which 
I  slowly  by  ebullition. 

tatt  of  Polaiiiunt,  predpitated  by  ether  from  its  alcoholic  aolotioo,  or  ob- 
by  RiontaQeous  evaporation,  forms  uleader  needles.  From  its  aqueous  solution 
edpitaled  by  strong  potash.     Ckolale  ef  lodiam  leaemblcs  the  potaasium- 


MrOOBSOMS-  The  general  name  fbr  the  colouring  matten  of  bile ;  it  in- 
the  ordinsiy  brown  bile-pigment  called  eholophain  or  biliphnin  ;  a  green 
Lce,  eholochloin  or  biliverdin,  prodnoad  l^  oxidation  of  cholophnn;  and 
Falvin  or  bilifulTin,  a  yellow  subetance  found  in  thickened  oi-bili\  Thoe 
ices  were  fint  examined  by  Berielius  (Lehrb.  d.  Chem.  ii.  281),  sJlerwsids 
ion,  Plattner,  Sehmid,  Soberer  and  Heinti  (Gerh.  Traitl,  n;  £32),  and 
chum  [BritiiK  Medical  Jimnud,  Jnly  14th,  I860). 

iBfhmi*.  or  the  brawn  pigment,  is  contained  in  bile  and  in  the  intestinal  canal, 
the  snbetance  (o  which  excrements  owe  their  colonr.  In  certun  states  of  disease 
V  in  the  blood,  the  Hnnui  fluids,  the  urine,  and  other  liquids  of  the  organism, 
the  canw  of  the  yellow  colour  of  the  skin  end  the  cone         '  ~   ''        ''  '~ 


928  CHOLOCHROME— CHOLOCHROMIC  ACID. 

most  oonveniently  prepared  from  call-stones,  of  which  it  sometimeB  forms  the  duti 
part^  by  exhausting  them  with  alcohol,  ether,  and  boiling  water;  washing  the  residue 
with  hydrochloric  add,  then  with  water ;  dinolTing  it  in  a  weak  solution  of  carbonate 
of  sodium ;  and  precipitating  by  an  acid.  As  the  cholophsin  is  yeiy  apt  to  pass  into 
the  green  pigment  by  oxidation,  it  is  best  to  perform  all  these  operations  m  an  at- 
mosphere of  hydrogen  (Heintz).  From  human  gall-stones  cholophsin  may  alio  be 
extracted  by  benzene  or  by  chloroform.    (T h udic hu m.) 

Cholophsein  recently  precipitated  is  a  l^wn  amorphous  substance,  becoming  darket 
when  diy.  It  is  infusible,  insoluble  in  boiling  water ;  soluble  in  boiling  alcohol,  the 
solution  gradually  turning  p;reen  by  contact  with  the  air.  Hydrochloric  acid  dissolTce 
it  in  SQudl  quantity,  acquiring  a  blue  colour.  On  adding  excess  of  ammonia,  the  liquid 
immediately  acquires  a  greenish-yellow  colour,  which  is  changed  to  red  by  nitric  add. 

Cholophsin  contains,  according  to  Heintz's  analysis,  60*9  per  cent  carbon,  605 
hydrogen,  and  9'1  oxygen,  whence  may  be  deduced  the  empirical  formula^  C^H'*KK>*'* 
(61-9  C,  68  H,  9-0  N,  and  23*2  0). 

Caustic  alkalis  and  alkaline  carbonates  dissolve  cholophsBin  with  brownish-yeDmr 
colour :  the  ammoniacal  solution  yields  a  brown  flaky  pirecipitate  with  cfakmde  of 
barium  or  chloride  of  calciunL  A  solution  of  cholophaem  in  Teir  dilute  alcoholie 
TOtash  assumes  a  green  colour  on  addition  of  hydrodiloric  acid ;  and  if  nitric  add  be 
uien  added  drop  by  drop,  a  fine  blue  colour  is  produced,  which  laats  a  long  time. 

Choloehlotn  or  Biliverdin, — This  green  pigment  is  produced  by  the  oxidation  of 
cholophsein.  An  alkaline  solution  of  the  latter  gradually  oxidises  by  exposure  to  tbe 
air,  and,  if  then  treated  with  acids,  3rieldB  a  green  precipitate.  Cholochloin  coiti 
ready  formed  in  ox-bile,  and  is  abundant  in  that  of  biids,  fiishes,  and  amphibia. 

Thudichum  obtains  the  green  pigment  by  allowing  bile  to  stand  in  weQ-dosrd 
bottles  for  two  years,  whereupon  a  putrefactive  decomposition  enstoes  (p.  687),  and 
cholochrome  is  precipitated,  together  with  cholic  acid  and  other  substances.  The  pR- 
cipitate,  after  decantation  of  the  liquid,  is  put  into  a  calico-bag  and  washed  with  viter 
as  long  as  the  liquid  will  pass  through ;  then  boiled  with  ^oohol  and  washed  on  a 
filter  with  laige  quantities  of  that  liquid,  which  removes  cholic  add  and  its  saha,  alio 
fats  and  fatty  adds.  The  colouring  matter  then  remains,  mixed  with  mocos,  from 
which  it  may  be  freed  by  solution  in  carbonate  of  sodiuno.  The  alkaline  solution, 
treated  with  hydrochloric  add,  throws  down  a  substance  of  a  fine  green  colour,  wfaiefa 
however  is  probably  still  somewhat  impure. 

Cholochloin  is  destitute  of  taste  and  odour.  It  does  not  melt  whrai  heated,  hil 
decomposes  at  a  high  temperature,  leaving  a  large  quantity  of  carbon.  It  is  insolnlJe 
in  cold,  slightly  soluble  in  boilins  water ;  easily  soluble  in  alkalis,  also  in  aleohoL 

According  to  Heintz,  cholochlom  contains  60'04jper  cent.  C,  5*84  H,  8*63  N,  aai 
26*69  0,  whence  is  deduced  the  empirical  formula  CH'NO*'^,  requiring  60*88  G,  6^  ^ 
8*80  N,  and  26'16  0.  Cholochloin  forms  with  baryta  a  green  amorphous  compound, 
eontaining  27*3  per  cent  baryta. 

The  formulae  of  cholophsin  and  cholochloin,  as  deduced  from  their  analyses,  am 
vnry  uncertain.  Thudichum  found  60  to  62  per  cent,  carbon  in  cholophsin  tnm  mU- 
stones,  and  as  much  as  66  per  cent  in  that  prepared  from  bile.  FtohMj  ooch 
Tnodifications  contain  the  same  number  of  carbon-atoms,  the  green  compound  oootaia- 
in?  more  oxygen  than  the  brown :  thus  cholophsein  -*  C'H'NO'^,  and  gholwhlfflt 
C*H»NO«»,  or  poHsibly  C"H»NO*  and  C«H»NO«. 

CBOXiOCBSOMZO  ACZ]>«  When  nitric  add  containing  nitrous  add,  is  added 
to  a  dilute  solution  of  cholochrome  (dther  brown  or  green)  in  an  aqueous  alkali,  the 
colour  of  the  liquid  changes  to  green,  blue,  violet,  red,  ana  finally  to  yellow.  These 
changes  of  colour  are  connected  with  the  formation  of  a  non-acotised  add,  whidu  ae- 
cording  to  Thudichum,  may  be  obtained  by  passing  nitrous  add  vapours  into  water  iB 
which  cholophsin  is  suspended.  Effervescence  then  takes  place,  arising  from  erohitiaa 
of  nitrogen ;  the  colour  of  the  bile-pigment  changes  f^m  brown  to  red ;  and  oa 
subsequently  shaking  it  up  with  ether,  a  red  solution  is  obtained,  which  on  erapontioa 
leaves  a  pink  syrupy  residue,  consisting  of  the  non-azotised  add,  cholockrowtie  aad. 
It  dissolves  easily  in  chloroform,  and  the  solution,  when  evaporated  in  an  atmosphcn 
of  coal-gas,  and  afterwards  left  to  stand  for  some  days  in  a  flask  filled  with  the  mbs 
gas,  deposits  the  add,  partly  in  fiat  rhombic  octahedrons,  partly  in  groups  of  radiating 
needles,  partly  as  an  amorphous  mass. 

Thudichum  assigns  to  this  add  the  formula  (?*H*0*,  or  C^"0^*.  It  should  periM 
be  CHK)*,  in  which  case  its  formation  from  cholophsin  might  be  representedty  tts 
equation : 

C^»NO«  +  HNO«  -  C^«0«  ^  N«  +  H»0, 
the  reaction  being  that  of  nitrous  add  on  an  amic  add  (p.  168). 
Cholochromic  add  ia  nearly  insoluble  in  cold  water,  but  easily  soluble  ia  tkobol: 


CHOLOIDANIC  ACID  —  CHOLONIC  ACID. 


at.  CfH^'p)— TheMmdne  in  tbe  Rtort  obUioed  m 
choloidic  leid  with  nitric  acid,  M{«rntn  on  cooling  into  two  lajrn,  the  nppa 
I  ig  cijitftUiae,  uid  eoatittM  of  dholoiduiic  acid.  The  njatklline  cnut  ia 
on  a  &nnel  conlunittg  poDoded  glau,  and  pniifled  bj  iwer^tallis&tion  from 
inter.  Sbould  the  naiilne  in  the  letort  b«  merely  ■  rcsinafu  mua,  it  muit 
ir  »nbj©cled  to  the  action  of  nitrie  add,  which  will  finally  conyert  it  into  tlw 


n  boiliog  water ;  eiuilf  tolnble  in  alcohol :  the  M>latioaB  are  nad.  It  doM 
weight  at  100°C.;bat  at  a  higher  tpmperatnre  it  black ene  and  giTca  off  an 
3  Tapoiir.  It  di9»o!TB«  without  alteration  ia  hot  nitric  or  hydrwhloric  add. 
duic  add  T«(|Qirea  a  large  qoanti^  of  alkali  to  aatnnte  it  Theeholoidanatea 
kaJi  and  alkahne  earth-metaJe  aie  soluble  in  water ;  the  rtat  uv  insalable  or 
r  aolable.  Thej  are  all  decomposed  hj  WHshing  with  wat«r. 
bOZDXO  ACID.  C"K^<,— This  acid  vai  diacOTsred  by  Demanpiy,  and 
I  fiirthar  eiamined  by  Theyer  and  SchloBset  and  by  Strecter  (»ee  refe- 
.  BSSl.  II  19  produced  by  the  dehydtatioD  of  cholic  acid  at  300°  C,  and, 
;  to  tlie  obseirations  of  Qornp-Beaanez  and  of  Tbadieliam  (p.  687),  ia  oae  of 
nets  of  theputrefadionof  bile:  hence  also  it  is  found  in  gaU-stones.  It  may 
red  directly  &om  bile  by  boiling  that  liquid,  dissolred  in  12  to  IS  pta.  water, 
Bu  of  hydrochloric  add  for  three  or  ibnr  hoars,  and  leaving  the  liquid  to  cooL 
:  acid  then  collects  at  the  bottom  in  a  solid  maaa,  which  inaat  be  wreiBl  tiniea 
rith  water  to  remore  the  hydrochloric  add,  then  pniyerised,  diaeolyed  in  ■ 
uititr  of  alcohol,  shaken  up  with  ether  to  &ee  it  &om  cholesterin  and  margaric 
finally  eraporated  to  diyoeiH  over  tie  wKter-bath.  If  the  action  of  the  hydio- 
icid  be  loo  loop  eoatinsed,  dyslysin  is  obtained  inatetd  o!  choloidic  add 
;ay).  Choloidic  add  is  likewise  obtained  bj  digesting  bile  with  oxalic  add. 
randSchloBser.) 

die  add  is  a  white  nm-oystalline  nib«tM)c«,  which  melts  in  boiling  watci 
iiasolTing  to  a  aeniible  amooiit.    Alter  diying  it  requires  a  heat  of  more  tian 

0  melt  it.  It  is  Teiy  soluble  in  aloohtJ;  water  nsden  the  solution  nulky, 
rates  the  acid  in  the  form  of  a  rwiii ;  tlie  Mlntioii  has  an  add  reaction.  It 
;1y  soluble  in  ether. 

die  add  unites  with  bases  and  decomposes  carbonates  with  aid  of  heat  The 
s  of  the  alkali-metals  are  soluble  in  water  and  alcohol,  iaiotnble  in  ether ; 
e  a  pure  bitter  taste  without  any  sweetish  after-taste.  By  eraporation  they 
ned  in  the  form  of  ^nnuny  maaiea.  The  Balls  of  the  earth-metala  and  heavy 
'e  insoluble  or  sparingly  solable  in  water,  insoluble  in  alcohol,  and  an  ot- 

1  the  form  of  plastic  predpitates.  The  Aonwin-MA,  C«H'<Ba*0>.4H*0  (at 
iainsoLuble  in  water  and  amorphous.  The  nftvr-ia^,  CH^'AgU*  (at  100°C.), 
y  white  predpitate,  which  nndeigoes  consideTable  contiaetioa  and  ooloratioo 

die  add  is  oxidised  by  strong  nitric  add,  yielding  a  great  number  of  [niductii. 
choloidic  add  be  treiUed  in  a  tall  vessel  Willi  4  or  S  voL  stronz  nitric  acid,  Iba 
stilled  to  one-fifth,  after  the  first  violent  action  has  subdSed,  cohobatinz 
ary,  and  (be  liquid,  when  the  action  has  ceased,  diluted  with  twice  its  balk 

and  again  distilled,  a  distillate  is  obtained  having  a  veiy  acrid  sofibcating 
rising  from  the  presence  of  a  heavy  oil,  consiBtlng  of  nitrocholic  Bcid, 

(?).  and  cholacrol,  while  on  the  suiucs  of  the  watery  liquid  there  floala 
X  which  b  a  mixture  of  acetic,  valeric,  eqiiyli^  and  c^iric  add.  The  residue' 
etoit  is  a  yellowish  mixtnni  of  oxalic,  chalegtatic,  and  choIoTdanic  adds. 
1  bather,  Ann.  Ch.  Fhorm.  Ivii.  IIS.) 

MWIC  Aon.  (7fH"K0>.  {Strecker,Ann.Ch.Fharm.livii  1.— Uolder, 
h.  iiitr  dia  GalU^Q  eih.  iv.  722.)— This  sdd,  which  is  homologous  with 
wholic    add  (i;"M"NO*),  ia  produced  by  the  action  of  strong  acids  upon 
ie  add,  from  which  it  differs  only  by  the  dements  of  1  at.  water, 
a  solntion  of  gljeocholic  add  in  strong  sulphuric  or  hydrochloric  add  is  heated, 
a  turbid  ana  yields  oily  drops,  which  solidify  and  become  resinous  on  cooling; 
eating  this  resinous  product  with  baiyta-watnr,  and  decompomng  the  insoluMe 
tit  with  hydrochloric  add,  cholanic  add  m  leparatr^,  and  may  be  ol)4ained  in 
leedkfl  by  crystallisation  from  alcohol 
att  of  Sodium.  C-n-NaNO'.  is  crystallisable 
SO 


930  CHONDRIN  —  CHONDRODITE. 

In  preparing  cholonic  acid  by  the  action  of  Jiydrochloric  on  gljooeholic  add, 
acid  IB  sometimes  formed  containing  1  at  H'6  less.    (Strecker.) 


CJBOV9BIM.  C^'H^'N'O'.  (J.  Mnller,  Poga.  Ann.  zxxyiii.  80<.— F.  Sinoa, 
J.  Chem.  m6d.  i.  108.— Vogel,  J.  pr.  Chem.  xzi.  426.— Uopp,  ibid.  ItL  lity^ 
A  substance  resembling  gelatin  in  many  of  its  properties^  and  long  eonfoqpded  iriA 
it :  its  separate  identity  was  first  established  by  Mntler. 

Chondnn,  like  gelatin,  does  not  occur  ready  formed  in  the  oiganism,  but  is  prodaeed 
by  boiling  certain  tissues  with  water.  All  permanent  cartilages  in  a  healthy  state  yield 
chondrin  when  boiled  with  water;  so  does  bone-cartilage  or  ossein  before  oeaificatioD; 
but  bone-cartilage  after  ossification  yields  gelatin  by  boiling:  so  likewise  do  th* 
tendons,  skin,  calves*  feet,  hartshorn,  isinglass,  and  fish  scales ;  ^so  the  permanent  to* 
tilages  when  they  become  ossified  by  disease. 

Chondrin  may  be  prepared  by  boiling  the  cartilages  of  the  ribs,  laiynz,  or  joisti 
witli  water  for  aix>ut  forty-eight  nours,  eyaporating  the  liquid  to  a  jelly,  and  treating 
this  residue  with  ether  to  fr^  it  from  fat  The  cornea  of  the  eye  yields  the  saat 
sabstanoe. 

Chondrin,  when  dried,  is  a  hard,  homy,  diaphanous  substance,  which  softens  to  i 
jelly  in  cold  water,  and  dissolyes  completely  in  boiling  water ;  it  is  insoluble  in  alcohol 
and  in  ether.  The  aqueous  solution,  when  boiled  for  a  long  time,  yields  a  substuet 
perfectly  soluble  in  cold  water,  but  resembling  chondrin  in  all  its  other  reactions. 

Nearly  all  acids,  eyen  organic  adds,  predpitate  chondrin  from  its  aqueous  solatioa. 
The  predpitate  formed  by  hydrochloric,  sulphuric,  nitric,  phosphoric,  pbosphonrai^ 
chloric,  or  iodic  add,  redissolyes  easily  in  excess  of  the  acid ;  that  fanned  by  sul- 
phurous, pyrophosphoric,  hydrofiuoric,  carbonic,  arsenic,  acetic,  tartaric,  ozalir,  atri^ 
lactic,  or  succinic  add  does  not  redissolye  in  excess  of  the  add  employed.  Stroat 
sulphuric  acid  dissolves  chondrin,  fbrming  a  syrupy  liquid,  which,  when  dilated  with 
water  and  boiled,  3rields  leudne  without  slycodne  ^Hopp).  Sulphurooa  add  slovly 
decomposes  chondrin.  Nitric  add,  by  prolonged  action,  converts  it  into  xamlAthfrotm 
aeid. 

Alum,  sulphate  of  aluminium,  acetate  and  subacetate  of  lead,  sulphate  of  eoRMt 
frrrous  and  ferric  sulphates,  ferric  chloride,  mercurous  and  mercuric  nitrates,  pitxnfis 
eopious  predpitates  in  a  solution  of  chondrin,  soluble  for  the  most  part  in  excess  of  tbs 
reagent  Ferrocyanide  of  potassium  produces  no  predpitate.  The  predpitates  fivBfd 
by  acetic  acid,  alum,  and  sulphate  of  aluminium  aissoive  completely  on  adding  a  siCr 
cient  Quantity  of  acetate  of  potassium  (or  of  sodium)  or  common  salt  The  pfedpitstt 
formea  by  ferric  sulphate  ^dissolves  on  heating  the  liquid.  Mercuric  diloride  doa 
not  predpitate  a  solution  of  chondrin ;  sometimes  a  slight  turbidity  is  pcodneed,  <mf 
apparently  to  the  presence  of  a  little  celatin. 

Chondnn  is  especially  distinguished  from  gelatin  b^  its  predpitation  bj  alum,  wA- 
nhate  of  aluminium,  acetate  of  lead,  the  sulphates  of  iron  and  sulphate  of  eoppei;  sad 
oy  its  non-predpitation  by  mercuric  chloride.     (See  GhcLATnf.) 

The  aqueous  solution  of  chondrin  treated  with  chlorine,  yields  a  predpitate  eontaia- 
ing  CWH»C1NH)  (?)    fSchroder.) 

Dj  diy  distillation  cnondrin  yields  the  same  products  as  gelatin  {q.  v.) 

Mulder  (Ann.  Ch.  Pharm.  xxviii.  328)  Ibund  in  chondrin  from  humiii  mt^Sa^ 
49'3  per  cent  C,  6'6  H,  14*4  N,  and  0*4  sulphur.  Schroder  also  found  in  dModria 
from  the  cartilages  of  the  cow,  49*8  carbon  and  6*6  hydrogen. 

OBOVOSOBZTSb  Hemipriamatie  Ckrjfwlite^  Maclureite,  ffmrnU,  BrmeOt  (in 
part). — A  silicate  of  magnesium  containing  fiuorine ;  sometimes  occiizring  in  bbaU 
implanted  crystals,  but  more  frequently  in  crystalline  grains  or  maaact  of  SQBCvliit 
granular  structure,  imbedded  in  granul^  limestone  as  at  Pargas  in  Finland,  at  Aker  sad 
Gulsjo  in  Sweeden,  in  Sussex  County,  New  Jersey*  in  Orange  Cona^,  Nev  T«k,  aad 
other  localities.  The  variety  called  kumiU  is  from  Vesuvius,  where  it  oocus  in  ^jeetid 
masses  of  a  kind  of  granite  rock,  together  with  olivine,  mica»  and  maffnetitcu 

The  crystals  belong  to  the  trimetric  system,  and  are  often  hemihedral  in  odakednl 
planes,  producing  forms  of  monodinic  character;  ooP  :  ooP  «  94^  26'.  TlMjaicaf 
three  ^^pes,  in  which  the  axes  have  the  following  ratios : 

MacrodlagoBAl.  BraehjdiafoasL  Frtedpilni^ 

Type     L 1*4678  1  l*6tOi 

Type   IL 1*6727  1  1-OMi 

iSrein. 1*4164  :  1  1*0601 

Compound  crystals  also  occur.  Cleavage  indistinct  Spedflc  gravity  8*116  to  3*11 
Hardness  6  to  6*6.  Colour  yellow  or  brown,  indining  to  red  and  green,  with  waiy  or 
glassy  lustre ;  more  or  less  translucent  It  is  scarosly  fusible  More  the  blowpiM 
gives  the  reactions  ot  ^xxonu^  nVicci  \io«l«d  with  sulphuric  acid,  and  with  finzfs  tas 
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ofinmandnlica.  DuKitTtalnhjdMcliloTioncidiVithiapantioiiof gelitinoia 


Mj"0.    F«"O.F«W.    F. 


rt-Dt;  H*oi'Oim>i'i 


uljM  la>d  „  ,    _  .  r  - 

put  of  the  axjgtn  ii  repluad  bj  fluohna ;  or  tlie  mioonl  nuj  be  npraantad 
I  up  of  tha  two  MmtKnuia* : 

HgWF",  or  SIUT>.8SiF<  •>  ^ 
Mg^'O",  or  SUg'aiaiO*   .  B 
u  [oaportioDB,  nunelj : 

Chondrodrite  from  FlDland  and  Kortli  Aneiiea  —  J  +   1%B 

Homite  from  VcriTiiia,  ^p«     L  ^  A  ■¥  18B 

„  „  ^pe   n.  -  A  +   27B 

.,  tTpelU.  ~  A  +   KB 

idite  oecDTi  altcmd  to  xvpentiM  at  Sparta,  Hew  lenej,  with  apiael  and  bum 

il  ise.) 

',    A.  Dame  applied  to  the  tiafoea  which  Tield  chondrin  wbeg 
ntber  to  the  anbatanee  which  ma;  be  resided  aa  the  baaia  of 

CoDcietioaa  occurring  in  the  cavitiM  and  channeU  of  the 
which  ai«  lined  with  mnwiu  mambnnM,  npeciaUj  in  the  noae,  gullet, 
bnmdiise :  the;  ue  produced,  nndo  abnoimal  dmiiiitaoc««,  fi^  the 
I  of  theae  membrano,  (heir  naclnu  bring  aometimca  a  iolid  bodj  accidenlaitj 
bi  thfse  csTities.  Thsj  conUin  Tciy  TsriAble  qnantitiea  of  valer  and  aninuu 
together  with  fiO — 80  per  cent  of  phoapbtt*  of  calcium,  6—20  per  cent,  car- 
of  ealciam,  S — 13  per  cent  carbonate  Of  magnesiiuii,  and  small  qnaotitifa  of 
ulta.     (Handw.  d.  Chem.  ii.  [2]  1196.) 

jfZCVTB.  A  dense  Doii-cr;itallins  minenl  from  Elba,  of  speeiflc  gnTilJ 
irdnen  3.  Fracture  conehoidaL  White.  Tmulucent  at  the  edges.  Melta 
lerable  facility  to  a  seeyiah-white  gUn,  sTolving  bubble*  of  ffu  at  the  nme 
jlae  glau  vitb  cobalt-aalntion.    DunolTea  alowlj  in  borax,  yielding  a  gksi 

coloured  by  iron.  Easily  decomposed  by  cnncentnted  hydrochloric  acid,  with 
on  of  silica,  not  in  ths  usnal  gelatinona  atate.  Aciiording  to  Robell'a  aiudysis, 
ina  I2'6  time,  22-G  maniesia,  I'tS  fernnia  oxide,  17'12  tlumiiu,  3^-7  lilica.  and 
Br.  a  composition  which  may  be  spproiimalsly  represented  by  ths  formnla : 
lJKm.2(SAl*0'.S9iOT  +  12  aq.,  which  by  sabstitnting  af  -  I  At,  may  be  i^ 
9  S(]r)^i<^''^<^)^i^<  +  4  aq.  (RammMtr^i  MincrakhtruK,  p.  SfiB.)  D«U 
chonicrits  M  a  variety  nf  pyroiclsrite  (7.  v.). 

LZamATZW.    A  TJsdd  tramlncent  leain  ttotn  Wetlin  near  Halle^  where  it 
IS  ■  coating  on  calcspar  in  a  fiaaim.    It  has  a  sbining  lustrt^  and  raries  in 
rom  yellow  to  olire-green.    Bnnu  widi  flame  and  without  odour.    (Qarmar, 
le  genL  Zeitschr.  i.  iO.) 
tjafrU^MXTM,     SeePKDJJMm. 

IOIKA.TBB.  Chromic  add  uutea  with  nearly  all  baao.  The  aalta  are  for 
t  pact  eout;  ctyatalliiable  and  iaomoTphoDs  with  the  coireaponding  sulphatsL 
omatea  of  the  alkali-metals,  and  of  ibontinm,  caldum,  and  '"^gnr^F""',  are 
ia  water ;  ths  othen  are  inaohible,  or  ^laringly  aolable. 

the  alkali -mstala,  chromic  add  forma  two  aeries  i^  salts,  namely,  neutral  or 
chramates,  H'CrO',  or  H*O.CrO',  which  an  yellow,  and  add  ehromataa,  com- 
piled bichromatsa,  MiCrO'-CrO*,  or  M'O.aCrO",  which  hare  an  orange-rw) 
ihyperkdd  chromate.  or  trichromateof  polaaaiiim,  E>CrO*.3CrO*,or  K<0.3CrO>, 
iee  known,  Theae  aalts  are  produced,  uther  by  direct  aatniation  of  ths  baa* 
romic  add,  or  by  igniting  chromic  oxide  with  an  alkali  and  a  nitrate  or  other 
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mates,  M*CrO*,  or  SM^O.CrO*,  the  oidinaiy  neutml  ehzomatee  IfCiO*,  wliich  differ 
^m  them  by  2M'0,  being  metachromatee. 

A  aolntioii  of  an  alkaline  ehromate  giyes  with  a  salt  of  barium,  lead,  or  hismutk^  a 
jdlow  precipitate :  with  mereurous  salts  a  brick-red,  and  witji  nlffer  walta,  a  red-pnrplie 
precipitate :  all  these  precipitates  are  soluble  in  nitric  acid.  Chromatea  boHed  wiUi 
ezoess  of  hydrocUorie  add,  yield  a  green  eolation  of  sesqnichloride  of  diromimn.  A 
ehromate  of  alkali-metal  boiled  with  sulphuric  acid  and  a  reducing  agent,  such  as  9jtffor, 
alcoholf  or  tartarie  acid,  yields  a  purple  or  a  green  solution  of  a  chromic  alnm.  ChiT>- 
mates  heated  with  nUphurie  aeia  and  common  saltf  giye  off  jellowish-red  yapoors  of 
ozychloride  of  chromium.  The  chromates  of  the  less  basic  metals  giye  off  oxygen 
when  ignited,  and  leaye  chromic  oxide :  the  acid  chromates  of  the  alluli-metals  leaye 
a  mixtare  of  chromic  oxide  and  neutral  ehromate.  Insoluble  chromates  fused  with 
mtre,  yield  ehromate  of  potassium,  which  ma^  be  dissolyed  out  by  water. 

Chromates  in  solution  haye  a  bitter  metaUic  taste,  and  a  poisonous  action. 

CBB0X1.TBS  07  Amxoitiuk. — ^Tho  neutral  ialt  (NH*]PCrO^ is  obtained  by  ey»- 
porating  a  mixture  of  chromic  acid  with  excess  of  ammonia,  or  by  decomposing  ehro- 
mate of  barium  with  sulphate  of  ammonium.  H  i  rael  (Zeitsdir.  t  Pharm.  1862,  p.  24), 
gradually  adds  oxychloride  of  chromium  to  excess  of  ammonia,  and  eyaporates  the 
solution  at  60°  G.  Chromate  of  ammonium  then  dTstaUises  out,  and  may  be  purified 
by  recrystallisation.  It  fonns  lemon-yellow  needles,  permanent  in  the  air;  hsa  a 
pungent  taste  and  alkaline  reaction.  It  it  yery  scduble  in  water.  Leayes  chromic  oxide 
when  ignited. 

Acid  salt,  (KH«)*CrO«,  or  (NiI«]['0.2CrO'.— ObUined  by  diyidiog  a  solution  of 
chromic  acid  into  two  parts ;  saturating  one  with  ammonia,  then  adding  the  other,  and 
eyaporating  the  whole  oyer  sulphuric  add.  It  forms  orange-coloured  crystals,  penna^ 
nent  in  the  air,  soluble  in  water,  and  yielding  green  chromic  oxide  when  ignited. 
(Richmond  and  Abel,  Chem.  Soc.  Qu.  J.  iy.  199.) 

Darby  {ibid.  i.  20),  by  partially  saturating  chromic  add  with  ammonia  and  eya- 
porating to  the  crystalliaing  pointy  obtained  a  compound  of  ammonia  with  chromic 
anhydride  2NH'.CrO',   which  may  be  regarded  as  a  chromamaU  qf  ammonium^ 

^^*^^2*|^»  analogoua  to  sulphamate  of  ammonium,  ^^*^^^2*|o. 

Hyperacid  ealt,  (NH*)«Cr0^6CrO«  +  10  aq.,  or  (NH*)*0.6CrO«  +  10  aq.— Brown- 
yellow,  yery  efflorescent  salt^  obtained  in  ill-defined  crystals  by  eyaporating  a  solution 
of  chromic  acid  half  neutralised  with  ammonia.    (Bammelsberg,  Pogg.  Ann.  xdy. 

507.) 

A  compound  of  chromie  anhydride  and  sal-amnumiae^  NH^CLCrO*,  is  obtained  by 
adding  oxychloride  of  chromium  to  a  strong  solution  of  sal-ammoniac,  in  crystal* 
haying  the  same  form  and  aspect  as  the  corresponding  potassium-compound,  but  much 
more  soluble  in  water.    (P^ligot,  Ann.  Ch.  Phys.  [2]  lii.  267.) 

CHnoxA.Tn  OF  Babiuk. — The  neutral  cAiwna/e,  Ba^CrO^  is  prepared  bypm- 
dpitating  chromate  of  potassium  with  chloride  of  barium  or  baiyta-water.  It  is  in- 
soluble in  water,  but  diBsolyes,  with  reddish-yellow  colour,  in  nitric,  hydrochloric,  or 
excess  of  chromic  add,  and  is  predpitated  &om  the  solution  by  ammonia.  It  is  de- 
composed by  alkaline  carbonates  and  sulphatea,  eyen  at  ordinary  tempexatnres,  and 
more  quickly  when  heated.    It  is  used  as  a  pigment  called  yellow  ultramitrine. 

Acid  salt,  Ba'^CrO^CrO*,  or  Ba''0.2CM)*.— A  concentrated  solution  of  the  neutral 
salt  in  chromic  acid  is  decomposed  by  dilution,  part  of  the  salt  being  precipitated, 
while  an  add  salt  remains  in  solution,  and  may  be  obtained  by  eyaporation  in  yel- 
lowish-brown stellate  crystals,  containing  Ba''0.2GrO'  +  2  aq.,  which  dissoWe  slowly  in 
water,  with  separation  of  the  neutral  salt    (Babo,  J.  pr.  Cnem.  Ix.  60.) 

Chboxatb  of  Bismuth. — ^VHien  a  solution  of  nitrate  of  bismuth  ia  added  to  a 
moderately  concentrated  solution  of  acid  chromate  of  potassium,  leaying  the  latter 
slightly  in  excess,  an  egg-yellow,  flooculent  precipitate  is  formed,  which  afterwards 
becomes  dense  and  crystalline.  It  consists  of  3Bi*0*.2CrO"  or  7BiK)'.2Bi*Cr'0^'.  It 
is  insoluble  in  water,  may  be  dried  without  decomposition  at  100^  to  125^  C,  but  ac- 
quires a  dark  greem  colour  when  ignited,  and  retains  this  colour  after  cooling.  It 
dissolyes  in  nitric  or  hydrochloric  acid,  forming  a  deep  yellow  liquid,  whidb  becomes 
turbid  on  dilution,  from  predpitation  of  basic  nitrate  or  chloride  of  bismuth.  If  it  be 
treated  with  a  small  quantity  of  acid,  a  yellow  salt  remains  undissolved,  consisting  of 
Bi«0«.2CrO«  or  BiK)».2Bi«CrK)»«.  The  latter  may  also  be  obtained  by  ntedpiuting 
acid  chromate  of  potassium  with  a  slightly  add  bismuth-solution  (J.  Ldwe,  J.  pr. 
Chem.  Ixyii.  288,  463).  According  to  Pearson  {ibid.  Ixyiti.  2^),  the  predmtate 
formed  in  the  latter  case  is  BiK>".CrO',  apd  is  perfectly  insoluble  in  water,  so  tnat  it 
may  be  conyeniently  used  for  the  estimation  of  bismuth. 
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iMATior  CiDHivK.— i.1iM!e«aIt,SCd"0.3CrO>  +  8>q^a(lCd'0.1Cd"CrO< 
it  obtoimd  u  na '  (nAOgv-Tellow  precipitate,  an  mixiiia  ■  cadmiom-wlt  with 
^tiTonuU  of  potsaiam.  On  addiog  aBunoDia.  Uw  Bait  (IfH<)KW.(N'H"Cd)''0 
■  obtained,  irtiichcijBtalliMi  in  tianipitrant.  bngbt^yeUow',  ni-iid<d  p^fiamidi, 
ling  vben  expoaad  to  Uw  air  or  immersMl  in  mtar. 

iKATB  o»Cii.eujM.~Theiimt(ralBalt,  Ca'CrO' +  4aq.,  is  obtained  bjdit- 
zarbonalA  of  calcium  in  aqusous  clwniiic  iu:id,  or  aa  a  lieht  Tellow  predpitsta 
IB  concentrated  aolutJanB  of  ehromats  of  potaminm  and  cbloride  of  calciam. 
deratsly  aolubls  in  water,  iniolnbls  in  alcohol ;  gives  off  its  water  at  200°  C, 
Itenranla  vuy  sparinglj  solable.  The  anhydroue  aalt  ia  need  ae  a  pigment. 
I  lalt  obtained  bj  ditteolTJng  the  Deutral  salt  ia  aqueoni  chmmic  acid  and 
ing.  forme  rod  deliquescent  crjelals,  conUining  Ca'CK>'.CrO'+  3aq. 
lotti  of  Caiciun  and  Potaaium,  (KCs)CrH)'  +  aq..  obtained  bj  saturating  idd 
i  of  potaraium  with  hjdrate  of  caldum.  forms  lemon-jellow,  silky  crystals, 
inari  ofCbbiuk,  Ca''CrO',is  deposit*!  aa  a  jellow  powder  from  a  solntioo 
lata  of  CBrinmin  chromic  acid.  The  fiUiate  yields  on  enporation  as  acid  sail 
isms,  soluble  in  water. 

iMATB  or  CHaumnH, — The  brown  oxides  of  chiDmiam  Intermediate  be- 
a  aeaqaiozide  CrK)',  and  chromic  anhydride,  CiO',  may  be  regarded  ai  com- 
if  th«e  two  in  Tarious  proportione,  that  Ii,  ai  cbromates  of  chrDminia.    (See 

iKaiBor  ConaLT. — Solutioo*  of  oobalt-salts  form  with  chromata  of  potas- 
ig^t  iwd-brown  predpitate  containing,  according  to  Sarzeaa  and  Malagati 
..Pfays.  [3]  ii.  431),  CO'CrO*  +  4aq.,  which  is  the  formula  of  an  orthochiomata. 
HATBS  or  CoppiR. — When  impnrs  copric  hydrate  is  immersed  in  a  atfong 
af  chromic  acid,  a  brown  solution  is  formed  which  deposits  a  brown  powder, 

a  tetrabsaic salt,  4Cn'0.2CrO',  or  2Cn"0.2Cn"CrO' (Droge,  Ann,  Ch-Pharm. 

The  Bolutioa  Altered  throngh  asbestos,  and  eraporated  over  oil  of  Titfiol, 
Her  a  while,  green  ayatals,  consiitiug.  BttOrding  to  Kopp  {ibid.  Ivii.  386),  of 
Iphate  in*which  part  of  tbe  ■ulphuric  acid  is  replaced  by  chramic  add  (U'SO* 
y,  or  S  by  Cr).  The  mother-liquor  decantsd  there&om,  ia  &ee  from  sol' 
cid,  and  yields  by  eTapotation,  acid  ouprie  ehromata,  Cu*CrO'.CrO* 
a  brown-black,  deliquescent  crystals,  soluble  m  alcohol  and  in  ammonia.  Iba 
eolation  deposits  on  boiling  a  brown  insolnbls  salL  Tha  crystals  gire  00 
er  at  100°  C.,  and  at  a  red  heat  the  aalt  is  completely  decomposel  Tha 
e  salt  abore  mentioaed  is  depoaited  as  a  chooolate-^wn  predpitate,  contun- 
wataTi  on  mixing  a  boiling  solotioo  of  nsntral  chiomale  of  potaasinm  with 
fbaie  of  copper,    (Halaguti  and  Sarseau.) 

moiua-dtrvmiU«  afcoppt,  5NH'.Cu''0.2Cn'CrO<  +  aq.,  is  obtained  in  dadigreen 
:  crystals,  by  passing  ammoiiia.gas  into  water  in  which  tatrabasic  ehromata  of 

suspended,  and  cooling  the  liquid  below  0°  C.  It  soon  gives  off  its  ammonia 
posed  to  tiie  air :  and  is  resolved  by  water  into  insolDble  baiie  ehnnoate  of 
nd  a  basic  anunonio-chromata  which  dinolves  in  the  water  with  emerald- 
onr.    The  same  basic  ammonio-chromate  is  obtained  by  treating  scid  cupric 

with  ammoaift. 

afa  of  Copptr  a»i  JUoMunt,  BW.SCu'O.SCrO"  +  Saq.,  or  Cu'^'0'.{K"Cn' 
laq.,  is  obtained  by  treating  recently  precipitated  cupric  hydrate  with  eolation 
iromate  of  potaaaium,  or  cj  mixing  a  solution  of  euc^a  aulphate  with  add 

of  potassium,  and  gradually  adding  caustic  potash.  Tbe  product  is  a  light 
iwdar,  coiuisting  of  micioseopiCi  tianslnceat,  six-aided  tablets,  n»r1y  insoluble 


MlTl  or  QLUcinuic  is  a  yellow  insoluble  prediHtBte. 

wiTX  or  Iboh. — Aqueous  chnmie  acid  digested  with  moist  fsrrie  hydiats, 

jrown  solution,  oontaining  Fe^'.lCrO*.  Tbe  solution  ia  not  retidered  turfcid 
dilution  or  b;  bailing,  and  yields  on  evaporation  a  brown  resinoua  residue, 
1  water  and  in  alcohol.  Tbe  batie  tail  is  a  brown  powdsr,  which  is  resolvsd 
into  fetric  oxide  and  chromic  acid. 

MiTxa  OF  Lb  ID. — The  neutral  or  metachromate,  Pb'CrO',  ia  fbond  native  as 
or«i  Croeoiiitt,  or  LtAmannite,  in  monodinic  prisms,  in  which  (he  ratio  of  the 
;oaal,  dinodisgooal,  and  prindpal  axis  is  as  1011  :  1  :  0'9B,  and  the  inclinsi- 
h»  pnneipal  axis  to  the  dinodiagonal,  77°  Stf.  The  predominant  taess  sn 
wF  and  -P.  Cleavage  most  distinct  parallel  to  <bF.  Specific  gravity 
Hardness  2'fi  to  3.    The  crystals  an  translocent  aikd  of  a  jellow  colour. 
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with  naioiuihadM  of  bright  hTadiith-red;  itreak  oraoge^eUow.  Sttettle.  Itoeeiuviii 
deeompofed  gseia  or  gnnito,  »t  Nuehne  Tigilik  in  the  Ural,  in  Brazil,  at  Betcbanym 
in  Hungary,  at  Holdawa  in  the  Bannat^  and  in  Luzon,  one  of  the  Phillippine  lalea. 

Neatral  chromate  of  lead  if  obtained  as  a  Light  yellow  insolnble  precipitate,  by 
mixing  a  dilate  solution  of  a  neutral  lead-aalt  wiUi  neatral  or  acid  chztnnate  of  pota»- 
■ium ;  eonoentrated  solutions  yield  an  orange-yellow  precipitate.  It  may  iJao  be  ob- 
tained by  decomposing  sulphate  or  chloride  of  lead  with  diromate  of  potassium.  It 
is  insolubls  in  water,  slighUy  soluble  in  nitric  acid,  easily  in  potash.  At  a  moderat* 
heat,  it  melts  without  dMomposition  to  a  brown  mass,  exhibiting  a  radiated  stmetnrp 
when  odd,  and  yielding  a  dark  yeUow,  slightljr  hygroscopic  powder.  At  a  full  red 
heat,  it  gives  off  oxygen,  and  is  reduced  to  a  mixture  of  basic  chromate  of  lead  and 
chromic  oxide.  Heated  in  a  stream  of  hydrwn  gas,  it  giyes  up  12  (Mr  cent  oxygen, 
•nd  is  reduced  to  a  mixture  of  chromic  oxide  and  metallic  leaid,  which  when  heated 
in  a  stream  of  oxygen  takes  up  7  per  cent  of  that  gas.  (On  the  use  ot  (^romate  of 
lead  in  organic  anahrsis,  see  pp.  227,  232.)  ^ 

Chromate  of  leaa  is  much  used  as  a  pigment,  known  as  chrome-yellow,  alao 
lemon-yeUow,  LeyfjHff  yeUow^  PUris  ydtow,  &c.  The  finer  sorts  are  prepared  by  preci* 
pitation,  the  commoner  kinds  by  decomposing  carbonate,  chloride,  or  sulphate  of  lead 
(obtained  as  a  by-product  in  tiie  preparation  of  alum-mordants),  with  chromate  ol 
potassium.  Accoromg  to  Anthon,  100  pts.  sulphate  of  lead  require  ft>r  deoompoeitioa 
25  pts.  of  red  chromate  of  potassium,  and  100  pts.  chloride  of  lead  requiz«  27  pta. 
of  red  chromate.  Chrome-yellow  exhibits  various  shades  of  red  and  ydlow,  aeoocmng 
to  its  mode  of  preparation :  it  is  often  mixed  with  chalk,  gypsum,  heavy  spar,  day, 
sulphate  of  lesd,  Ac.  Cologne  yeilaw  is  a  mixture  of  chromate  and  sulphate  of  le«d 
with  sulphate  of  calcium,  obtained  by  precipitating  a  mixture  of  the  nitimtes  of  lead 
and  calcium  with  a  mixture  of  sulphate  of  sodium  and  chromate  <Mf  potassium.  It  is 
not  altered  hf  exposurs  to  air  or  hght ;  sulphuretted  hydro^n  turns  it  brown ;  proio- 
chloride  of  tu  and  sulphurous  acid  reduce  it ;  alkalis  turn  it  oxange  or  red,  by  xoim*- 
tion  of  basis  chromate  of  lead.  It  is  used  asan oil  or  water-colour,  for laoquerinA  and 
Buiy  be  mixed  with  many  other  colours  without  decomposition ;  with  Prussian  Uue  it 
forms  a  green  mixture,  called  chrome-green,  or  green  cinnabar.  In  calico- 
printing,  chrome-yellow  is  formed  on  the  mbrics  themselves,  by  fint  steeping  them  in 
a  solution  of  lead-salt  then  in  chromate  of  potassium.  For  dyeing  silk  and  wool  it  is 
not  so  well  adapted. 

Btttie  CkromaU  of  Lead.—A  dibasic  or  UtfOfiumbio  chfomaU,  SFb^CCM'  » 
Pb'OJbTCrO^,  known  in  the  arts  as  chrome- red,  is  produced  ftom  the  nentfikl 
chromate  by  digesting  it  with  caustic  alkalis,  or  with  levigated  oadde  oi  lead,  or  by 
boiling  it  in  the  recently  precipitated  state  with  neutral  chromate  of  ptTtamrimn,  or  bgr 
fusing  it  with  nitre.  It  hi  of  a  deep  orange  or  red  colour,  according  to  the  noda  c/ 
preparation.  The  finest  vermilion-red  chromate  is  formed  when  1  pt  of  chrome-yellow 
IS  urown  into  6  pts.  of  nitre  in  a  state  of  fusion,  and  the  resulting  chromate  of 
potassium,  together  with  the  excess  of  nitrate,  dissolved  out  by  water :  the  basic 
chromate  of  lead  then  remains  in  the  form  of  a  crystalline  powder  (Lie big  and 
Wohler).  An  orange  pigment  may  be  obtained  very  eoonomieaJjy,  by  boiling  the  sul- 
phate of  lead,  which  is  a  waste  product  in  ™**"'*g  acetate  of  alumina  from  alum  by 
means  of  acetate  of  lead,  with  a  solution  of  ehiomate  of  potassium.  The  blMic  chromate 
of  lead,  forms  a  beautifbl  orange  upon  doth,  which  is  even  mom  ataUe  than  the  y d- 
low  chromate,  not  being  acted  upon  by  either  alkalis  or  adds.  One  method  of  ^eing 
ehrome-oran^  is  to  £c  the  vellow  chromate  of  lead  in  the  calico,  by  dipping  it 
Bucoessivdy  in  acetate  of  lead  and  add  chromate  of  potasdum,  and  then  washing  it 
This  should  be  repeated,  in  order  to  predpitate  a  conddnable  quantity  of  the  chromate 
in  the  calico.  A  milk  of  lime  is  then  heated  in  an  open  pan ;  and  when  it  is  at  the 
point  of  ebalKtion,  the  yellow  calico  is  immemd  in  it  and  instantly  beeomes  onuupe, 
being  deprived  of  a  portion  of  its  chromic  add  by  the  lime,  i^ch  iotas  a  soluble 
chromate  of  caldunu  At  a  lower  temperature,  lime-water  duMolves  the  chromate  of 
lead  entirdy,  and  leaves  the  doth  white. 

A  ooogmioiie  or  hsxpiumHo  ohronuUo,  8Pb0.2CrO'  —  Fb0.2FbCrO^,  is  fonad 
native  as  MokmoeknfiUt  P^cmieiie,  or  PkonukoehroOe,  at  Beresof  in  the  Unl,  aaKH 
ciated  with  eroooisite,  vauquelinite,  pyromorphite,  and  galena.  It  occurs  im  tabular 
crystals,  apparently  belonging  to  the  trimetric  system,  reticularly  interwoven ;  dsavtng 
pesfectly  in  one  oirection ;  also  masnve.  Spedfic  gravity  6*76.  Hw^n^wn  8  to  8'5. 
It  has  a  resinous  or  adamantine,  glimmering  lustre,  cochineal  or  hyadnth-red  colour, 
becoming  lemon-yellow  on  exposure  to  the  air.  StraaJ^  brick-red.  Subtmnduoeat  or 
opaque. 

A  ekronuOo  nf  lead  and  copper,  of  analogous  compodtion,  ▼»•  cS*  [  ^'^  CoS)  ^^*' 

called  VauqttelinUe,  occurs  at  Beresof,  at  Pont  Gibaud  in  the  Fuy  de  I>5m^  and 
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Jia  docoiaita  of  Bncil,  in  moDoelinie  erritkU,  onistlf  minnte  and  impilarl: 
^ted ;  tito  nnifunn  or  boCrjrndKl,  md  gnnt)]RT  ;  amoiphoiu.  Sp«eiflc  gntrit; 
fi-TB.  B*r1o(H  I'fi  to  3.  It  hu  a  dark  gnea  to  browa  coIddt,  ■omgtimH  nearl; 
with  adamantine  or  tsainona  loitn,  oftan  faint.  Btrok,  liskiD-gneD  or  browniali 
;  tr^Djluuiit  or  opaqua,  FrBctors  nneTsn.  Rathar  britUa.  (Dana,  li.  tSO.) 
BO K  ATI  or  LiTiiQM,  LiKM)',  ajtttHViata  in  orang»-;ellav,  obliqne  rhombi 
I,  cuilj  aoluble  in  wat«r. 

BOH^Tlor  M*Aaxa>iDK,  Mb'CtO'+ 7aq.,  obtained  bj  enpontUnR  a  aolntioi 
gneeta  in  chromic  acid,  torma  limon-yBlloir  crjitala  iMiFHsphoaa  with  anlphat 
gDMiuiii.     Spacifle  gMTitf  —  1-SS  Kt  W  C. 

umatt  Iff  ilagiuMmm  and  AmmmiUiin,  H^(NH')*Cr*0*  +  6aq.,  ii  iaomorplioili 
he  eorrapoiKling  lulphate. 

BOK^TBSor  HjiHniHBSB.— AoHD^iuiienlt,  3(Hn'0>.CrO').CTV  +  Saq. 
cipilatMl  on  mixing  sesqaichlaride  of  miuiganMe  with  chromata  of  potaaaiom 
Tie,  Chem.  Soc.  Qo.  J.  ir.  300.) 

ana  nunganauM  diroinaU,  2Mn*O.ClO'  +  2sq.  —  Hn'O.Un'CrO',  ia  obtained  aa  i 
lline  precipitate  on  mixing  manganona  anlphata  with  aenti*]  chromate  of  potaa 
It  la  brown,  trnnalneenl,  and  diuolTea  with  onnge-yeUow  oolonr  in  nilphari< 
litnc  aeida  (Waringtoa,  L'liulilul.  No.  SIS,  p.  368.— Beinach,  Pc«g.  Ann 
).    According  to  FaiiT'-  '•' — '-'• — -' ■- — ■*- 


Mtreuric  mttaekromatt,  H5"CrO',  ia  obtains 

iradnallj  eTaponiting  till  the  marenrie  oxide  diaappeara,  and  red  ctjitala  an 
d  in  ita  place :  the  mothar-tiqnor  jielda  aa  additional  qnaatjty  \ij  ooneenlistion 
mi  dari  gamet-red  rhombic  pnams,  becoming  darker-coloured  when  hcatfd 


■ee  chromio  ncid  and  amorphooa  merturic  orlhociromaU,  H^CrC.  They  dia 
rradilyio  hydrochloric  acid,  and  potub  added  to  the  aolntion  Uuowa  down  jelloi 
nc  oude,  or  pertiape  the  tnthocbromate,  Strong  nitric  acid  convarta  tham,  il 
lid.  into  an  amorpkoua  yellow  oomponnd,  a  large  portion  howarar  diaaolving 
'atelj  almng  nitfic  acid  and  dilnta  aalphorie  aad  act  in  tha  Bama  manner,  ex 
g  that  a  larger  qoaatjty  of  the  yellow  compoaad  ramaiiia  nndiaeolTcd. 
rcuric  oriioeJtroniaie,  Hg'CiO*,  or  3Hg'0.(>O*,  U  obtained  aa  a  brick-red  »w 
I  addins  meicorje  nitrate  to  acid  chromate  of  potaaainm ;  oi  bj  boiling  y^loi 
ric  oxide  wilh  chromate  of  poUaainm  (Millon^  It  ia  ^ao  pcodooed,  logetha; 
t  Inn  baaie  nit,  by  prccipitatiag  tha  mother-hiiuot  of  the  metaehiomate  wit] 
iBle  of  eodinm.  On  boiling  the  precipitate  with  aoda-ley,  an  amorphooi,  yellow 
powder  ia  precipitated,  which  appeara  to  conaiit  of  'JHg'O.iCrb',  a. 
SUg'CrO*.  The  mma  mlt  appean  alao  to  be  obtained  by  boiling  recantlj  pre 
Led  mncorie  oxide  with  acid  chromata  of  potuainm.  lUl  it  ia  conTertad  into  i 
ni  powder,  waahing  thia  powder  repeatodly  by  decaatation,  and  heating  it  witl 
ately  atrong  nitric  acid.  It  diaaolvee  in  atmng  nitrio  acid  only  whan  recentli 
ilatad  ;  atrong  aalphnrie  acid,  with  aid  of  heat,  conTaita  it  into  iriiite  mercnrii 
ite :  hydnichlorio  acid  doea  oM  diaaolre  it.    (Qenther,  Aon.  Ch.  Fhaim.  eri 

ttmbaiie  oureune  eiromaU,  IHg'O.CiC,  or  3H^O.Hg'CrO<,  of  dark  mlat  di 
colonr,  ia  aaid  to  be  obtained  1^  boiling  red  mercorie  oxida  wilk  chromate  o 
inm.  Vhen  eqaiTalenl  ^aantitia*  of  iin»  metenrie  ehifdute  sod  eolntion  <r 
le  of  merCQiy  and  potaeainm  are  boiled  together  far  aome  lima,  ozynanide  o: 
ly  aeparatea  flrvt,  and  aAarwaida  a  compound  containing  E*EgCj*  andBgCrO* 
ttar.) 

krommlt,  (Hg*)'O.CrO'  -  (Hg'pCrO',  ia  obtained  aa  a  brillUnt  n 
■    •    TingtSebr'    --' ■--<-•-—   >     -.- 


einmaU,  a{Hg')-0.ftO'  -  (Hg^-0.{Hg')'CrO',  a  obtained  aa  i 
rea  powaer  by  precipitating  meRurone  nitnta  with  chromate  of  potaaaiDm 
Jiase  Bilta  when  heated,  ^tb  off  oxygen  and  marcory,  and  leave  ehromk  oxidi 
eantifnl  green  oolour. 

BOKiTBB  or  MoLTBDBidiu. — The  neutral  aalt  dinolTM  is  water  wilh  yel 
ilmu,  and  jielda  by  apontaneoua  evaporation,  white,  acaly,  needle-abaped  cryatali 
cid  asit  driea  up  to  an  amorphoua  llrown  male.  The  eulution  of  either  tali 
with  ammonia  yielda  a  precipitate  of  basic  ehronut«  of  nMlybdannm. 
BOKiTB  or  NiCKBL. — HjdiBta  and  carbonate  of  nickel  diaaolra  in  cbromii 
ith  yallowiah-nd  colcmr,  forningan  acid  salt  (Malaga ti  andSarieai).  Thi 
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^oluticm  ai  %  neutral  aickel-ialt  boiled  with  neutral  chromate  of  potaatiiniv  . 
amorphous  precipitate,  oonsistiiig  of  8NiK).2NiGrO'+  aq.,  and  naTing  the  odov  of 
Spanish  tobacco.  If  tJiis  or  the  iolaUe  salt  be  eorered  with  AmmntM^  ^  heavy  j^ 
^w-green  orystalline  powder,  SNH'.NiCrO'  •¥  }aq.  is  Ibnned,  which  is  deoomposed  bj 
«ir  and  water. 

CHBOMA.TB8  OF  PoTASBxuic. — ^Thzee  of  thflM  Balts  aie  known,  w : 

Neutral  chromatev  monochromate^  or)         ^  ^  ^n.  ^v         ^  n_rk* 
metachiomate  of  potassium  J         K*O.CrO»,  or  K«CiO* 

Acid  or  dichromate  .  .        •        •         K»0.2CrO«,  or  K*0rO*.CrO* 

Hyperacid  or  trichzomate     .        •  K«0.8CrO*,  or  KH>0^2CiO*. 

The  neutral  and  acid  salts  are  important  artides  of  manu&ctorei  being  extensiTehr 
used  in  dyeinff  and  calico-printing,  and  for  the  preparation  of  chrome-yeUow  ana 
cfarome-red;  alao  as  oxidising  agents :  the  add  salt  is  most  used,  because  it  contains 
a  larger  percentage  of  chromic  aad. 

The  chromates  of  potassium  are  prepared  by  igniting  chrome-iron  ore,  a  compound 
of  sesquioxide  of  chromium  and  protoxide  of  iron,  in  contact  with  alkalis  and  oTidjsiag 
agents,  and  lixiviating  the  fused  mass  with  water.  A  yellow  solution  is  thus  obtained 
from  which,  by  quick  evaporation,  the  neutral  salt  is  tmt>wn  down  in  yellow  ervBtalline 
granules ;  and  by  redissolving  this  granular  salt  in  water,  and  leaving  the  solution  to 
evaporate  slowly,  the  salt  is  obtained  in  regular  crystals.  The  concentrated  solution 
of  we  neutral  chromate,  treated  with  one  of  the  stronger  acids,  yields  the  acid  duo- 
mate  ;  and  by  evaporating  the  solution  to  the  crystallising  point,  picking  out  the  crystals 
of  acid  chromate  from  the  nitrate  or  other  potassium-salt  formed  at  the  same  time, 
ud  ieci7rtaUMing  seTenl  tim<»,  th«  lad  chiomiite  is  obtained  in  luge  UbuUr  eiTstal. 
of  an  orange-red  colour 

The  proeess  first  adopted  fbr  the  preparation  of  chromate  of  potasnum,  was  to  cal- 
cine the  ore  with  nitre;  but  it  may  be  rendered  more  economical  by  sabetitnting 
carbonate  of  potassium  (pearlash)  for  a  portion  of  the  nitre ;  and  still  more  by  dis- 
pensing with  the  nitre  altogether,  and  effiscting  the  oxidation  of  the  chromic  oxide  bj 
means  of  air  admitted  into  the  rererberatoiy  furnace  in  which  the  nldnation  takes 
place.  But  whether  nitre  be  used  or  not,  the  oxidation  is  still  found  to  be  impccfDct» 
because  the  alkali  ftises  into  a  thin  liquid,  and  the  chrome-iron  ore,  beinj;  very  heavy, 
sinks  to  the  bottom,  and  thus  remains  to  a  great  extent  unaltered,  eepeaall^  when  the 
oxidation  is  effected  by  contact  with  the  air,  an  inconvenience  which  is  but  unperfiectly 
obviated  even  by  continual  stirring.  But  by  adding  lime  to  the  mixture,  as  first  pro- 
posed by  Stromeyer,  it  is  rendered  less  fluid,  and  a  moderate  amount  of  stirring  tnen 
BuflSoes  to  ken>  it  weU  mixed,  so  that  the  oxidation  takes  place  with  much  greater 
fkdlity.  It  is  &und,  indeed,  that  when  lime  is  added,  the  nitro  may  be  altogether  dis- 
P«ued  with,  and  its  place  supplied  by  carbonate,  sulphate,  or  chloride  of  potassium, 
which  are  cheaper.  Mr.  Tilgnman  has  patented  a  process  for  the  use  of  feLspar  as  a 
source  of  alkah,  4  pts.  by  weight  of  that  mineral  being  calcined  in  a  reverberatofy 
fyimaee,  with  4  pts.  of  lime  or  an  equivalent  quantity  St  chalk,  and  1  pt  of  chrome- 
iron  ore.    Mr.  ^ooth  of  Philadelphia  subjects  the  chrome-iron  ore  to  a 


ignition  with  coke  or  other  carbonaceous  material,  whereby  the  iron  is  reduced  to  the 
metallic  state,  then  removes  the  iron  by  means  of  dilute  sulphuric  add,  and  subjects 
Che  chromic  oxide  thus  purified,  to  calcination  with  alkali  and  nitre ;  by  this  means; 
the  portion  of  oxygen  which  would  be  expended  in  converting  the  protoxide  of  iron 
into  sesquioxide,  is  rendered  available  for  the  production  of  c&omic  add.  The  pro* 
duction  of  sulphate  of  iron  inddental  to  the  process  tends  to  defhiy  the  expense. 

Jaoquelain  prepares  acid  chromate  of  caidum  from  chrome-iron  ore,  and  converti 
that  sidt  into  add  chromate  of  potasdum  by  double  decompodtion.  Thn  chrome-ore^ 
after  being  ground  to  veipr  fine  powder  and  sifted,  is  mixed  with  chalk  in  rotating 
bazrels,  and  the  mixture  is  spread  in  a  layer  1|  to  2  inches  thick  on  the  hearth  of 
a  reverberatory  fhmaoe,  heated  to  bright  redness  fbr  nine  or  ten  hours,  .and  stirred 
at  least  every  hour.  After  this  treatment,  the  mixtore  has  a  ydlowish-green  oolooi^ 
dissolves  in  hydrochloric  acid,  and  with  the  exception  of  a  certain  Quantity  of  sand, 
eonsists  essentially  of  neutral  chromate  of  calcium  Ca'^GSrO*  mixed  with  oxide  of  iroiL 
This  mass  is  groond  to  powder  by  millstonee ;  the  powder  is  stirred  up  with  hot 
water,  and  sulphuric  add  is  added  till  a  slight  add  reaction  becomes  apparent.  The 
neutral  chromate  of  calciam  is  thereby  converted  into  acid  chromate.  The  liquid  also 
contains  sulphate  of  iron,  which  is  precipitated  in  the  same  vessel  by  stirring  up  with 
chalk,  which  does  not  affect  the  ehrome-salt  The  predpitate  having  settkd  dow^ 
the  dear  solution  of  add  chromate  of  caidum  containing  a  littie  sulpiate  is  run  ol( 
and  may  be  used,  without  farther  treatment,  for  preparing  by  double  decompoeitioo, 
icid  chiY>mate  of  potasdum,  chromjite  of  lead,  either  neutral  or  banc,  aud  chromate  of 
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e.  Hpperatid  Ckromate,  or  Triokromate  cf  Pdla#«t«w,  KH>Mi(^,  09 
K*Cx0^3CrO',  wpamtei  from  a  Bolntion  of  the  add  chMmate  in  otdinary  nitric  acid 
prepared  at  60^  C,  in  dark  red  nacreous  prisms,  of  specific  graTity  8*681,  vliich 
blacken  when  exposed  to  the  air,  and  melt  at  146^ — 160^  C    (Graham.) 

Ckromate  tjf  Potastium  and  Afnmoniufn,K(t(W)CtO*,eTjtMiite€  from  » 
concentrated  solution  of  acid  chromate  of  potassium  saturated  with  ammonia,  and 
cooled  by  a  freering  mixture,  or  evaporated  over  lime,  in  crystals  appanntly  jsomor- 
phons  with  sulphate  of  potassium :  when  exposed  to  the  air  it  gires  off  ammonia  and 
tarns  reddish-yellow.    (jTohnsos,  J.  pr.  Chem.  Ixil.  261.) 

Chromate  of  Potassium  toitk  Mereurie  Chloride,  K*CrO*.2Hg''Cl',  is 
obtained  by  mixing  the  component  salts  in  equivalent  propoftions,  and  adding 
sufficient  hydrochloric  acid  to  redissolve  the  precipitate  iint  produced.  Small  sligfaUr 
reddish  crystals,  which  form  a  yellow  solution  in  water.  Another  salt,  S'CtCCrO". 
HgGl*,  is  obtained  in  red  spicular  cr3rBtiili>i,  by  nixing  acid  chromate  of  potaasinm 
and  mercuric  chloride  in  equiTalent  proportions,  and  leafing  the  solution  to  evspomte. 
(Darby*  Chem.  Soc.  Qu.  J.  i.  24.) 

Chromate  of  Potassium  vjith  Mereurie  Cyanide,  KHM)^8HgGy<.— Light 
yellow  laminar  crystals,  obtained  by  eraporating  a  solution  of  I  pt.  neutral  chiooaate 
of  potassium  and  8  pts.  cyanide  of  mercury.    (I>arby.) 

Chromo'ohlorideof  Potassium^KClCrO*  »  ^^'^  (q-    This  salt,  which 

is  analogous  in  composition  to  the  triacid  chromate  K'Cr0^.2CrO',  is  obtained  by 
dissolring  together,  with  aid  of  heat,  8  pts.  acid  chromate  of  potassium,  and  4  pts. 
hydrochloric  acid,  avoiding  evolution  of  chlorine.  It  crystallises  in  flat,  nd,  t«ct- 
angular  prisms,  and  is  decomposed  by  solution  in  water. 

Ghboxatbs  of  811.VBB. — ^The  neutral  salt,  A^CrO\  is  obtained  as  a  ved 
precipitate  by  decomposing  neutral  chromate  of  potassium  with  nitimte  id  silver,  or 
oy  boiling  the  add  silver-salt  with  water,  whereby  it  is  partly  resolved  into  chtonue 
acid  and  the  neutral  chromate,  which  then  separates  in  crystus  gi»en  by  tianmittad 
light,  and  yielding  a  red  powder.  A  solution  of  the  acid  salt  in  jnwmnnia.  dcpoeits 
the  neutral  salt  on  evaporation,  in  dark  green  metallic  crusts. 

Aeid  Chromate  of  Silver,  Ag^CiO\CiO\  is  obtained  by  immsrrix^  netallie 
silver  in  solution  of  acid  chromate  of  potassium  mixed  with  sulphurio  aoid«  or  by 
precipitating  the  same  addulated  solution  with  a  silver-salt  It  lias  the  colour  of 
carmine,  is  partly  soluble  In  water,  and  crystallises  therefrom  in  triclinic  prisms^ 
having  a  dark  brown  colour,  red  by  transmitted  light,  and  yielding  a  red  colour. 

Ammonio-chromate  of  Silver,  4NH'.Ag*CrOS  separates  from  a  hot  sofaitkm 
of  chromate  of  silver  in  ammonia,  in  yellow,  square  prisms,  isomorphous  with  the 
corresponding  salts  of  sulphuric  and  selenie  acid;  Uiey  give  off  ammonia  when 
exposed  to  the  air* 

Chboxatbs  of  Sodium. — Two  of  these  salts  are  known,  oamely,  the  neutral 
chromate,  Ka'GrO^  and  the  aeid  ehromate,  Na'CrO^.OrO*.  They  are  anakgoos 
in  all  respects  to  the  neutral  and  add  chromates  of  potassium,  and  may  be  prspased 
in  like  manner.  The  neutral  salt,  which  may  also,  according  to  Johnson  (jTpr. 
Chem.  Ixii.  161),  be  obtained  by  saturating  a  solution  of  acid  ehromate  of  potasnvm 
with  carbonate  of  sodium,  and  leaving  it  to  evaporate  at  0^  C,  crystallises  at  low 
temperatures  in  yellow  transparent  crystals,  containing  Na*CrOM0aq.,  isomorphous 
with  Glauber  salt:  they  melt  at  the  heat  of  the  hand,  deliquesce  rapidly  in  the  air, 
are  easily  soluble  in  water,  sparing  in  alcohol,  and  when  immersed  in  alcohol, 
become  opaque  from  loss  of  water.  The  aqueous  solution  evaporated  at  tampetatiires 
above  8(r  C,  deposits  the  anhydrous  salt. 

Aeid  ehromate  of  sodium,  Na*GrO*.CrO',  forms  thin,  hyadnth-red  prisms, 
very  soluble  in  water. 

Chboxatb  of  Stbontxuic. — ^Light  yellow  powder,  obtained  by  predpitation ; 
soluble  in  hydrochloric,  nitric,  and  chromic  add ;  rather  more  soluble  in  water  than 
the  barium-salt. 

Chboxatbs  of  Tik. — Stannic  chloride  forms  with  chromate  of  potassium  a  yel- 
low predpitate,  which  becomes  brownish-yellow  and  translucent  when  diy,  and  passM 
into  violet  stannic  chromate  when  ignited. 

Stannoue  chromate  is  predpitated  in  yellow  curdy  flocks,  when  stannoos  chloride 
is  added  with  stirring  to  excess  of  chromate  of  potassium.  If  the  cOBtnar  course  be 
adopted,  a  greenish-i^ite  predpitate  is  formed,  perhaps  consisting  of  chromic  stannate. 
The  salt  leaves  a  violet  residue  when  ignited. 

Ubanic  CHBOMATB.~--Uraniic  nitrate  forms  aa  ochre-yellow  predpitaie  with 
neutral  chromate  of  potassium.  The  yellow  itnigh-tasting  solution  of  niuiic  carbonate 
in  aqueous  chromic  acid,  yields  small  ftery-red  crystals.  The  salt  melts  at  a  gentle 
heat,  with  partial  decomposition. 
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WHATB  OF  Vakadiux. — The  bnwniih-Tallow  Hintion  of  nuudie  hjdMb 
MOW  ohiOBiio  add,  ^ieldi  on  enpontiao,  a  iIiuudb,  itA  bom,  mniih-liki 
vhuh  dindTa  paituUj  in  water.  Eimiiiig  a  jelbir  Uqoid. 
aoKAii  or  Tttbiuic. — Soluble  salt,  eryttelliiing  in  mult  yellow  priama. 
tDHlTa  or  Zlno, — Solphate  of  line,  mixed  with  nmitral  ehraiiiate  of  potaa- 
fbrau  a  yellow  predpitata  of  a  baaic  aalt.  Halagnti  and  Saneao,  by  beating 
lata  of  lino  with  pore  chromic  acid,  obtained  a  yaIL>v  erystallina  basic  aalt,  oon' 
t  4ZnO.CtO'  -I-  6»q.,  or  Zn'CrO'.ZnH'O'  +  4aq.  By  boiUog  thia  aalt  with 
IS  add  aa  long  ai  anything  diaaolTe*.  tile  aaoM  ehemiata  obtainsd  a  aolable  ooa- 
Une  aalt,  2ZQ'0.aCiO',  or  aZnCrO'.CrO". 

Ms*i(>-iiAr«m<it*o/ Zinc— The  tetrabaaio  nit  lepaatedly  tnatod  with  am- 
yielda  yallaw  cubic  cryalAla,  contAiniog  ZaCrO'.KE*  -t-  6s(j.  Soluble  chramata 
i,  SZoCCiO*,  treated  with  ezceia  of  ammonia  and  than  with  alcohol,  yielda  ■ 
a  pmcipitate,  eonaifting  of  microacopic  neadlea  eont«ining  SKH*.2ZDCiu' +  9aq 
kgnti  and  Saraean.) 

emate  of  Zina  and  Potatatttnt. — The  pfodpitate  (bnned  by  chromat*  of 
nm  in  aulphale  of  dnc,  if  left  for  aame  time  under  tne  liquid,  changea  to  an  orange- 
powder,  eonaiating  of  tbo  donhle  nit.  It  ia  aparin^y  aolnble  in  cold  witar,  but 
^  a  yellow  colour  to  a  large  quantity  of  the  liquid  i-  in  boiling  water,  it  diaaolrea 
»ep  yellow  colour,  with  aeparation  of  a  lighter  coloured  baaic  rait.  'When  ignited, 
>a  a  dari[  brown  rendne,  from  irtiich  water  exbvcta  neutral  dlTOmate  of  potaannm, 
;  ■  compound  of  aoqnioKide  of  chromiiim  and  oxide  of  one.  (Handw.  d.  CbenL 
1Z4S.) 

BOm  JUiVM.    Thia  name  ia  applied  to  the  double  mlphatea  of  chromium 
-.-      .       .  ^ijjjj  ^j  iaomorphoua 


ai,»^.fala*iio-cluvmieMtUfial»,S?{a^y\aO'y  +  a4E*0  i 


K.(Cr)- 


lOMB  UMXMK,  A.  name  wilied  arrmfirimm  to  green  oxide  of  chromium, 
UM  to  the  pigment  ptodneed  by  mixing  dmmu  yellow  with  Pruaaian  bloix 
aatUT*  or  Laid,  p.  93t.) 

tons  tmom  OBS.  Cinmi«  Irott,  Ctromati  ef  Iron,  Chrmuitaulriii, 
Tom,  t'lrTeeitvmaU. — Thia  mineial,  whidi  iaihe  moat  abnikUiit  ore  of  chromium, 
occuia  maaaira,  with  Ona  granular  or  conqNtet  ftraeture,  fimning  T«iua  or  im- 
maaara  in  aeipentiiie;  mom  lardy  in  regular  oetahedroni^  with  imperfret 
e  panllel  to  the  octahedral  fteea,  Spedflo  gr«Ti^i'32to4-fi7.  HardneeaS-6. 
browniah-black,  or  iron-black.  Streak  brim.  LoMra  aubmetallic^  inclining 
r.  ODaque.  Bnttlt^  with  conelwidal  ta  UDPnn  ftueture.  Sometimea  magnetic 
the  bbwpipe  it  doea  sot  Ihaa^  but  becomea  more  ataingly  magnetic  With 
r  pbaephoTBi  aalt  It  ftiaea  with  diflenl^,  but  oomplately,  to  a  bMutifnl  green 

me  inm  ore  b«Jaaga  to  Um  ^iiiel  gnup  al  ■inarala^  wfaoae  gcMnl  formula  ia 
0*  or  frnfrilO'.  The  biTaleut  metal  ia  chiefly  iron,  but  magnsadnn  ia 
y  alio  preaent  in  couaidanbte  quantity,  and  in  aoma  nedmana  s  amall  portiou 
chiomiom  appeara  to  axiat  aa  chromoeum.  The  trmlant  metal  B  ia  prin- 
^tunmium,  but  it  ia  raplaead  to  a  conaiderable  extent  by  alnmininm,  and 
lea  alao  by  iron  (ferricum),  ao  that  the  genanl  formula  of  the  minenl  ia 
I^Ff^'y't^*'  ^""^  '^  nnmarona  aoalyaea  that  have  been  made  of  it,  we 
le  following  aaaamplea  of  the  different  rariatiea :  a,  &om  Baltimore.  Harrlaud. 
eh(Pogg.  Ann.  xixiii.  S3&);  ft,  from  Volterro,  TnewniTi  by  B«< 
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'  Besides  the  above  locafities,  chrome-izon  ore  is  fbnnd  in  the  isUnds  of  IJnst  and  VlslU^ 
in  the  Shetland  gronp,  in  the  D^partement  da  Yar  in  France,  in  Silesia  and  F!«lsf!ti*^ 
at  Boraas  in  Norway,  near  Kranbat  in  Syria,  abundantly  in  Asia  Minor  and  tli* 
iEaatem  Urals,  and  in  several  parts  of  North  America.  It  assists  in  giving  the  green 
colour  to  verd-antique  marble.  The  ore  nsed  in  this  conntzy  is  obtained^iefly  itom 
the  Shetland  Isles,  Norway,  and  Baltimore,  the  qoantity  amounting  to  2000  tons  an- 
nnally.    (Dana,  ii.  106;  Sammelsber^s  Mineratchemie^  p.  172.) 

tj«jU>lir»«lllT€8Aa  This  name  was  given  by  Breithanpt  to  an  emerald-green 
mica  with  nacreous  lustre  from  the  Pinzgau. 

OBKOMB-OCBSa.    Native  chromic  oxide. 

CBBOMS4UBI  and  OBmOBIB-TBXi&Olir.  See  Ceboxatu  of  Lkas  (p.  984% 

OBSOKIO  ACXB.  (pp.  931,  952).— 0B&01IKXTS.  Syn.  with  Chbokb-Ibow  On 

CBSOBIZTaiB*    Compounds  of  sesquioxide  of  chromium  with  protoxides  (p.  961). 

CBaftOMIUM.  Syfnbol  Gr.  Atomic  weight  52*2. — ^This  metal  was  discovered  hr 
Tauquelin  in  1797*  It  is  not  very  abundant,  and  never  oocuis  in  the  free  state,  it 
is  found  as  sesquioxide  (chraTne'Ochre^  as  sesquioxide  combined  with  protoxide  of  iron 
{chrame-4ron  ore\  as  chromate  of  lead  {crocoifite  or  red  Uad'Spar,  p.  934) ;  in  small 
quanti^  in  many  iron  ores,  asid  frequently  in  meteoric  iron ;  it  is  also  the  oolouring 
principle  of  many  minerals,  as  the  emerald,  green  serpentine,  olivin,  &c 

The  most  abundant  ore  of  chromium  is  chrome-iron.  This  mineral  ignited  with  al- 
kalis in  presence  of  oxidising  agents,  yields  a  chromate  of  the  alkali-metal;  these  salte 
treated  with  acids  and  reducing  agents  yield  sesquioxide  of  chromium ;  and  irom  this 
substance  the  metal  itself  and  many  of  its  compounds,  may  be  prepared. 

Metallic  chromium  is  obtained  by  reduction  of  the  oxides  or  chlorides,  as  when  ses- 
quioxide of  chromium  is  mixed  with  one-third  of  its  weight  of  lamp-black  or  sugar- 
chaicoal  and  exposed  in  a  crucible  lined  with  charcoal  to  the  heat  of  a  blast  fnznaoe; 
the  metal  is  thereby  obtained  as  a  whitish-grey  mass,  which  cannot  be  melted  together 
into  a  button.  P^ligot,  b^  heating  the  violet  sesquichloride  of  chromium  with  potas- 
sium, obtained  the  metal  m  the  form  of  a  dark  grey  powder.  Fr6my,  by  heating  the 
sesquichloride  in  a  porcelain  tube  and  passing  vapour  of  sodium  over  it  in  a  current  of 
hydrogen,  obtained  it  in  very  hard  shining  ciystals.  Bunsen,  by  electrolysing  a  solu- 
tion of  the  sesquioxide,  obtamed  the  metiu  in  brittle  laminie,  bavins  the  colour  of  iron 
and  metiUlic  lustre.  According  to  Berselius,  when  sesquichlorioe  of  chromium  is 
heated  in  an  atmosphere  of  hydrogen,  there  is  obtained,  besides  the  protochloride,  a 
shining  deposit  of  metallic  chromium. 

Wobler  (Ann.  Gh.  Pharm.  cxi.  230)  obtains  metallie  chromium  by  reducing  the 
sesquichloride  with  2dnc.  One  pt  of  the  violet  sesquichloride,  and  2  pts.  of  a  mixture  of 
the  chlorides  of  potassium  and  sodium  (7  pts.  chloride  of  sodium  to  9  pts.  chloride  of 
potassium)  are  closely  pressed  into  an  ordinal^  earthen  crucible,  2  pts.  of  sine  are  laid 
on  the  mixture,  and  the  whole  is  covered  with  a  layer  of  the  flux.  The  crucible  is 
then  gradually  heated  to  redness,  and  the  mass  is  kept  in  a  state  of  fusion,  till  a  hiss- 
ing noise  is  heard,  and  a  zinc-flame  is  observed  on  removing  the  Cover  for  a  momenta 
The  crucible  is  then  taken  out,  gently  tapped  to  cause  the  metal  to  collect,  and  left  to 
cooL  A  good  regulus  of  zinc  is  then  found  at  the  bottom  covered  with  a  green  slag. 
This  resmus  is  well  washed  with  water  and  digested  in  dilute  nitric  acid,  which  dis- 
solves the  zinc,  and  leaves  the  chromium  in  the  form  of  a  greypowder,  which  must  be 
purified  by  again  heating  it  with  nitric  acid  and  washing.  Bv  this  method  Wohler 
obtained  6  or  7  grms.  of  metal  from  30  grins,  of  the  chloride,  the  ailculat<>d  quantity 
being  10  grms.  Magnesium  may  be  used  in  the  reduction  instead  of  zinc,  but  it  offers 
no  particular  advantage.  With  cadmium  as  the  reducing  agent,  a  violent  e^^loeioo 
ocenrred. 

Chromium  obtained  by  Wohler^s  process  is  a  light  green,  glistening,  oystalline 
powder,  which,  when  magnified  fifty  tunes,  exhibits  aggregates  of  crystals  like  fir- 
branches,  intenpersed  wiui  individual  crystals  of  tin-white  colour,  high  Instze^  and 
specific  gravity  6'81  according  to  Wohler,  7'3  according  to  Bunsen.  These  crvatalsi 
according  to  Wohler,  have  the  form  of  a  very  acute  rhombohedron;  but  according  to 
Bolley  (Chem.  Soa  Qu.  J.  xiii.  334),  who  examined  them  with  a  magnifying  power 
of  85,  they  are  quadratic  octahedrons  with  acuminated  summits  and  bevelled  teminal 
edges,  and  very  frequently  united  by  fours  in  the  form  of  a  cross.  This  is  the  third 
example  known  of  an  elementary  body  ciystallising  in  the  diluetric  or  quadratic 
system,  the  others  being  tin  and  boron ;  as  a  general  rule,  ductile  metals  ciystallise 
in  the  monometric  or  regular  system ;  brittle  metals  in  the  hexagonal  aystem. 

Wohler^s  chromium  does  not  exert  the  slightest  action  on  the  magnetic  needle. 
When  heated  to  redness  in  the  air,  it  acquires  a  yellow  and  blue  tarnish  like  steel,  and 
gradually  becomes  covered  with  a  thin  film  of  green  oxide ;  but  the  oxidation  is  by  no 
means  oooiplete.    Thrown  into  a  spirit  flame  fed  with  oxygen,  it  bmnos  wiUi  spaiktio^ 
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•0  brightlj  M  iron.  On  meltmg  cblcmta  oT  poUannin  it  bonii  with  dusHng 
ght    Uelting  nilre  ozidiiei  it  Toy  readily,  but  without  inoudHcence.    In 

cuboDat«  of  aodinm  it  remuni  nntltered.  Heated  in  chlorine  gss,  it  exhibila 
euidaM«Dee.  It  is  but  supecfldsUj  coDTarted  into  green  oxide  bj  ignition  in 
n  of  aqneont  Ttfoax  trae  &om  ur.  Hydrochloric  scid  dinolrea  it  readilj,  with 
iB  of  bydrogeu,  taraang  blue  chromooi  ehloride.  Pilate  mlphnric  add  doM  not 
a  it  tt  otdinaiy  temperatnrea,  but  an  applying  a  gentle  heat,  a  violent  action 
J  takea  place,  and  the  remaining  meta!  acqoim  the  power  of  dinolTing  easily 
noot  dilate  aulphmii;  acid,  even  after  wuhing.  It  ij>  not  attaded  by  nitiia 
ihet  coocentnted  or  dilate.     (Wohler.) 

properties  of  dirominni  differ  CDnsidembly,  according  to  the  ounner  in  which 
<pai«d,  Uie  peculiarity  doubtless  depending  chiefij  on  the  stats  of  aggregation. 
B  chromium  oxidiaed  with  great  bcility.  taking  fire  in  the  air,  eien  at  a  beat 
ednesB,  aad.beiag  convertM  into  gceoB  sestjnioxide.  It  likewise  dissolred  in 
olpburic  and  hydrochloric  adds,  and  waa  oxidised  by  nitric  acid, 
nyatals  of  chromium  obtained  by  Frjmy  belong,  according  la  S^narmont,  to  ths 

ryst*m.     They  were  not  attacked  by  any  add,  not  oTen  by  n"  ''        "' 

— un  may  be  polished,  and  then  acquirei  a  fine  I    '  "'    '     ' 
I  fbsible  than  platinum  (Deville,  Folyt.  Cent 

. .  scratches  gluaa  ;  it  ia  at  least  aa  hard  as  eonindtmL 
mium  nnites  with  bromine,  ckiorine,  Jtuoriiu,  iadinf,  eyanogtn,  nttregat,  taygttt. 
Tilt,  and  tvlphiir,  also  with  aiamitiium  and  I'rvn.  There  are  two  cUssei  of 
uo-eomponnds,  into  which  the  chromium  enten  as  (he  poaitiTe  or  basic  d«- 
unely,  the  chromous  compcmndi,  in  which  it  is  bivBlsnt,  sy.  (VCI*.  Ci^O, 

jfc.  and  the  chromic  compuonds.  in  which  it  is  tnTalent,  t^.  Cr*Cl',  Ci*0*, 
}".  &c  It  likewiae  forzns  an  oiide  or  anhydride.  CiO*.  in  which  it  is  sez* 
and  to  this  there  corresponds  a  class  of  salts,  t^  cbro mates,  into  which  tlw 
m  likewise  eaten  as  a  triatomic  radicle,  e.g.  chromote  of  lead.  p. .  f  O*. 

OMZVl^  Mtomsas  or.  The  miaidnui  tribromdt,  Ci'Bi',  m«y  ha 
d,  like  the  chloride,  bj  rmmnff  biomine-vaponr  orer  an  ignited  mixture  of 
\  oxide  with  charcoal  and  starch-paate.  Part  of  the  resulting  bnnnide  \hm 
a  beyond  the  mass  of  oxide,  while  another  portion  remains  therein  in  crystal- 
lea,  which,  howerer.  are  easy  to  separate.  It  forms  black  semi-metallic  baxa- 
calea,  tmnalucent  with  olive-green  eoloor,  and  exhibiting  in  one  direction  a 
d  diohroism.  It  forma  a  jeUowiah-green  powder  when  triturated,  in  which 
K)  part  of  the  compound  sablimea  daring  the  preparation.  It  is  quite  insolnUa 
ire,  but  disBolTee  to  ■  green  liquid  if  mixed  with  ptotohromlde.  It  la  decomposed 
lis  more  evily  l^ian  ths  chloride.  When  gently  heated  in  hydrogen  gas,  it  i* 
to  ths  white  dibcomide,  CrBr*,  which  on  eiposore  to  the  air  qniddy  da- 
I  to  green  oiybromtde.  (Wohler,  Ann.  Ch.  Fhann.  czi.  382.) 
atioQ  of  chromic  bromide  is  obtained  by  dissolTing  chromic  hydrate  in  hydro- 
acid,  or  by  treating  chromale  of  silver  with  hydrobromic  acid  and  alcohoL 
atioa  yields  green  uystala,  and  ia  saaily  daeompossd  by  evaporation,  with 

«l>nna,  OBlOSIDa*  or.  Two  chl<aides  of  chramiaro  an  known  is 
I  state.  Til.  CrCl'  and  Cr%l*.  A  hairliloride,  CrCI',  may  also  be  aupposed  te 
imbined  with  chromic  anhjrdride,  in  chlorochromic  anhydride,  CrCl'.CiO*. 
lLOBiDsopCHBOHiiTMorCBBOMOusCKLoHiDs:.  CrCl".  (Mobcrg, 
hem.  xxii.  176  ;  Filigot,  Ann.  Ch.  Phys.  [3J  xii.  £27.)— This  compoand  is 
1  by  passing  hydrogen  gaa  over  perfectly  anhydrous  trichloride  of  chromiom 
itly  heated,  as  long  as  hydrochloric  acid  gas  coutinaes  to  escape.  The  hydrogen 
previously  freed  from  all  traces  of  oxygen  by  passing  it  Uirough  a  solution 
louB  chloride  ia  csDstic  potash,  then  through  tubes  containing  sulphuric  acid 
oride  of  calcium,  and  last  over  red-hot  metallic  copper.  The  diehloride  ia 
med  bypassing  dry  chlorine  gas  over  a  red-hot  mixture  of  charcoal  andchiomic 
The  first  melliDd  yields  the  diehloride  in  tbe  form  of  a  white,  velvety  sub- 
retaining  the  form  of  the  trichloride  from  which  it  has  been  formed;  the 
nMbod  yields  it  in  fine  whits  crystals,  usually  mixed,  however,  wilh  chromic 
liromie  chloride,  and  charcoal. 

uri'l-  of  chromium  dissolves  in  wster,  with  ovoluhon  of  heal,  forming  a  blue 
I,  which  rspidlv  tons  green  when  exposed  to  the  air  or  to  chlorine  gas.  With 
t  forms  a  dark  brown  precipitate  (yellow,  according  to  Mobeiv,  if  the  air  be  com- 
sxclnded)  of  hydiated  chromous  oxide,  which,  however,  qnieUy  changes  to  light 
^bromoBochromic  oxide,  with  evolution  of  hydrogen.  Anmimia  forms  a  sky- 
wipitate.  which  tarns  green  on  exposure  to  the  sir.  With  ammonia  and  sal- 
iuc,  •  blue  liquid  is  formed,  which  turns  red  on  exposure  to  the  air.     Suipiid* 
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qf  ammonium  OTpoUBtmm  fomu  a  black  precipitate  of  chrottoui  snlphkle*  The  mIu* 
tioD  of  flUchloride  of  chroroium  is  one  of  toe  most  powerful  deozidtBisg  agenta  knonrik* 
With  a  solution  of  neutral  ehramaU  of  poiasHum,  it  forms  a  daric  brown  predpitata 
of  chromosochromie  oxide,  which,  howeTer^  disappears  on  the  addition  ef  an  ezeesa 
of  the  diehlorida,  and  forms  a  peeo  solution.  It  preoipitatea  oahmd  ttcm  a  solu- 
tion of  oorrosiTe  sublimate.  With  enpHo  mUtSj  it  forms  at  first  a  white  precipitate  of 
euprous  chloride,  but  when  added  in  excess,  throws  down  red  enprous  oxide.  It  in- 
stantly eonyerts  iwnffstie  acid  into  blue  oxide  of  tungsten,  and  piedpitatea  gold  ftom 
the  solution  of  the  chloride. 

A  solution  of  chromous  chloride,  containing  sine,  may  be  obtained,  aeeording  to 
Loewel  (J.  pr.  Chem.  bdi.  11),  by  pouring  a  solution  of  the  trichloride,  or  of  chrmne- 
alum,  in  8  to  6  (yts.  water,  made  as  neutrsl  as  possible,  into  a  bottle  nearly  filled 
with  granulated  sine.  Hjrdrogen  is  then  erolTed  for  some  houn,  and  a  fine  bine 
liquid  is  formed,  which,  if  left  to  stand  in  contact  with  the  sine,  oontinues  slowly  to 
evolre  hydrogen  and  deposit  a  light  grey  chromous  oxychloride,  and  after  four  or  mx 
months  becomes  pezfeetly  colourless. 

Tbichlobidb  ov  Chbokium.  Chromic  Chloride.  Cr'Gl*. — ^The  anhy- 
drous trichloride  is  prepared  by  igniting  an  intimate  mixture  of  chromic  oxide  aad 
charcoal  in  a  stream  of  diy  chlorine  gas.  A  mixture  of  the  oxide  with  lampN-black  is 
made  up  into  pellets  with  starch ;  these  are  well  baked  in  a  covered  crucible,  aad 
then  introduced  into  another  crucible,  through  the  bottom  of  which  there  passes  a 
porcelain  tube  connected  with  an  apparatus  for  eTolrin^  chlorine.  Into  the  mouth  of 
this  crucible  is  fitted  a  smaller  one,  placed  in  an  inverted  position.  The  lower 
crucible  stands  on  the  grate  of  an  ordinary  air-ftimaoe,  and  as  soon  as  the  apparatus 
is  filled  with  dry  chlorine,  the  mixture  is  heated  to  bright  redness,  the  firing  being 
so  regulated  as  to  keep  the  upper  crucible  oompsratively  cool,  so  that  the  chloride  as 
it  is  produced  may  suolime  into  it.  When  the  process  is  completed,  the  stream  of 
chlorine  must  be  kept  up  till  the  apparatus  is  cool,  to  prevent  the  fomation  of 
sesquioxide  or  protocmoride.  The  trichloride  is  then  washed  with  water  to  free  it 
from  chloride  of  aluminium  derived  from  the  emcibla.  If  it  contains  dicUoride, 
which  is  the  case  if  the  stream  of  chlorine  has  not  been  strong  enough,  it  will  dissolvo 
during  washing  (Wohler,  Pq|K*  Ann.  xi.  148).  The  trichloride  may  also  bo  obtainod 
by  heating  the  sesquisulphide  in  a  stream  of  dry  chlorine.    ^Berselius.) 

Anhydrous  chromic  chloride  fonns  shining  micaceous  laminae  of  a  beautifiil  peach- 
blossom  colour,  which  may  be  rubbed  on  the  skin  like  talc.  It  is  quite  inaohUile  in 
cold  water ;  but,  if  boiled  in  the  finely  divided  state  with  water,  it  slowly  dissolvea 
and  forms  a  green  solution.  If  the  cold  water  contains  in  solution  a  small  quantity  ol 
chromous  chloride,  not  even  exceeding  ^^  to -j^g,  the  trichloride  dissolves  imme- 
diately, with  evolution  of  heat,  fimning  a  green  solution  identical  with  that  obtained 
by  dimolving  chromic  hydrate  in  hydrochloric  acid.  The  efiect  is  perhaps  due  to  the 
formation  of  an  intermediate  chloride^  which  is  immediately  resolved  by  the  aetiop  ol 
water  into  didUoride  and  the  soluble  green  modification  of  the  trichloride,  the 
dichloride  thus  liberated  sgain  acting  in  the  same  manner  (see  p.  948).  The  mM^ 
tion  of  a  small  quantity  of  stannous  or  enprous  chloride  is  said  to  produce  the  same 
effect 

Anhydrous  chromic  chloride  is  not  decomposed  by  sulphuric  aeid,  either  stioog  or 
dilute,  or  by  hydrochloric,  nitric,  or  nitromuriatic  acid,  or  by  ammonis,  carbonate  of 
potassium,  or  carbonate  of  sodium :  eausticjootash  attadu  it  but  slishtly  at  the  boiline 
neat  Fused  with  niire  and  an  alkali  or  atiaUine  carbonate,  it  yields  a  chromate  and 
chloride  of  the  alkali-metsL  PotasMum,  rine,  &c,  separate  metallic  chromium  from 
it  Heated  in  a  stream  of  hydrogen,  it  yields  chromous  chloride,  and  if  the  heat  be 
strong,  metallic  chromium  is  likewise  separated.  Heated  to  redness  in  the  oir,  it  gives 
off  chlorine  and  vields  green  chromic  oxide.  By  ignition  in  pkospkorttted  hydrogen 
gaa,  it  is  converted  into  phosphide  of  chromium.  Heated  with  tulp/kur,  or  in  a  stream 
of  Bvlphydrie  acid  ga»,  it  yields  sulphide  of  chromium.  Ignited  in  ammonia  goM,  it 
forms  nitride  of  chromium. 

By  dissolving  chromic  oxide  in  hydrochloric  acid,  or  by  boiling  duomato  of  lead  or 
silver  with  hydrochloric  add  and  alcohol,  or  even  with  excess  of  hydrochloric  acid  alone^ 
a  green  solution  is  obtained,  containing  the  modification  of  chromic  chloride  which  cor- 
responds to  the  green  chromic  oxy-salts  (p.  960).  Thin  solution,  when  evaporated, 
yields  a  non-crystaUine  dark  green  s^rup^  which,  when  heated  to  100^  C.  in  a  stream 
of  dry  air,  yields  a  green  mass  containing  Gr'Cl'.SH'O  (Ho berg,  J.  pr.  Cham.  szix. 
175).  The  same  solution  evaporated  in  vacuo  yields  green  granular  crystals  oontaitting 
Cr«a«.2H»0.    (P41igotiwrf.xxxvii.476.) 

Hydrated  chromic  chloride  heated  to  260^  C.  in  a  stream  of  hydrochloric  acid  or 
chlorine  gas,  gives  off  its  water  and  yields  delicate  peachblossom-coloured  scales^  which 
are  soluble  in  water  and  even  deliquescent ;  but,  if  more  strongly  heated  in  cdthtf  of 
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_  _  iiwolnble  ozfchlarida,  lod  the  naidue  nltinutdj  o 

uidg.     la  tbi>  nancl,  the  hjiurnLeU  iriclilunds  oi  chcomia 

iding  MmpoundR  ni  iron  ftnd  nluinmTiim. 

eof  (ilTertdiMto  agteeo  Bointion  of  chromic  chlorida,  Uuowi  down  at  flrrt 

'  tbt  cblorins ;  but  on  lesTing  the  liquid  to  stand,  or  on  bailing  it,  the  vhol« 

iloiine  u  precipitated.    This  effect  tu  attribated  bj  BeiieliDs  to  tba  tcndeni^ 

lie  chloride  to  form  donble  aalt* ;  bj  Otto  to  thr  aolubili^  of  chloride  of  ■ilTcr 

iCion  of  cfaroinic  chloride,  corrraponding  to  the  violetiolntiona  of  the  diromio 
ixTccQ-icidi,  nuaj  be  obtaioed  bj  preapitatiiu;  oat  of  these  violet  aaJti  hj  an 
Dd  dtssolviDg  the  predpitattd  hjrdnitq  m  hji&odilaric  add;  alao  bj^de^m- 
be  liolet  mlphate  with  chloride  of  barinm.  From  theae  lolntioiu  citrate  of 
imediatelj  throwi  down  all  the  chlorine.  If.  boweTer,  the  riolet  aolntiim  of 
ride  be  boiled,  it  tame  green,  and  ifter  thii  change  the  chlorine  ii  bnt  paitiallj 
ited  by  nitrate  of  ailrfr. 

lie  chluride  nnilea  with  the  chloride*  of  the  more  bniie  metnU,  forming  aalta 
ig  2MCI.Cr'Cl*,  orWCVCT',  of  which  howoTer  onlj  the  jmtiueiuni,  aodiom,  and 
im -compounds  bare  been  inTpstifated.  Tbey  are  obtained  hj  mixing  the  cor> 
ng  acid  chromatee  with  excesa  of  hrdroehloric  add  and  alcohol,  and  evaporating 

watobath  till  the  maaa  tamB  Tiolet.  The  donble  chloridee  thni  obtainM 
jreen  and  deliqnesce  on  eipoanre  to  the  air.  Treated  with  a  email  qnantil]' 
water,  thej  diasolre,  with  deep  Tellowish-red  colour,  which  in  a  ahort  time 
■to  purr  chnime-green.    If  the  eolation  be  Chen  left  to  eraporale,  the  alkaline 

•eparatee  out,  and  the  ebromic  chloride  remaina  in  the  form  of  a  green  ajmp. 
mble  chloride!  belong  therefore  to  the  violet  inodiflcationa  of  chromic  aalts,  but 
>mpOHd  by  water  into  chloride  of  alkali-metal  and  green  chromic  cblondc^ 
a«  not  form  doable  ehloridea.  The  effect  of  chromoui,  utannoiu,  and  coproni 
>  in  facilitAtiog  the  Bolution  of  anhydrooj  chromic  chloride  io  water  (p.  942) 
'  depends   upon  the  formation  of  analogona  doable  chloridei.     If  the  doable 

decompoeed  bj  alow  evaporation  l;e  mixed  with  hydrochloric  acid  and  evapo- 

drjneea  over  the  water-bath,  the  doable  chloride  is  reproduced.    When  the  dry 
Jiloridfa  are  treated  with  Bh«olote  alcohol,  green  chromic  chloride  diaeolvea, 
lee-robured  salt  remains.  coosietiDg,  according  to  Benelioa,  of  SHCLCr*Cl*i 
AMsmc,  asracnow  Avn  bstxmatiox  or,  i.  All  compounds 

lium  ignited  with  a  mixture  of  m're  and  tnaltalintcarbiaialejitii  aehromale 
tlkali-metal,  which  may  be  dissolved  out  by  water,  and  on  Ming  nentnlierd 
^lic  add,  will  give  the  cbaiKt«riatic  pmeipitatea  of  ohromie  add  witb  iHid  and 

Jts. 


add  whose  buea  do  not  of  themselves  impart  dadded  colonra  to  the  b( 

le  green  bead  in  both  flame*  dielingu 
id  vanadium,  which  give  green  beada  in  the  inner  flame  onlj. 


doction  of  the  green  bead  in  both  flame*  dielingniehes  chromium  from  m 


-The  chromic  salts  exhibit  two  prindpal  modiflcatious, 
1  and  thariolet  Jmmema  prodons  in  nlations  of  the  green  salts,  a  gretish- 
:«cipitate;  in  solntiona  of  tlie  riolet  salta,  a  Brejish-blus  precipitate,  both 
I  however  yield  green  solutions  with  anlphnnc  or  hydrochloric  acid.  The 
bove  the  pndpitats  has  a  reddiab  cotonr,  and  contains  a  small  quantity 
aic  aaid.  Paliui  and  toda  fona  similar  precipitatea.  which  dissolve  in 
t  the  alkali,  forming  green  solutions  from  which  the  chromic  oxide  is 
ted  b7  boiUng,  The  alh^iM  earhonata  ibnn  greenish  precipitate*  (violet 
e-light)  which  dissolve  to  a  considentble  extent  in  exc«aa  of  the  reagent. 
ria  acid  tana   no  pieciptate ;   nUpkidi  iff  iMimiinutai  thmwa  down   the 

isMnsd  m  %  Mhltioo  of  dmme^nm  or  trichloride  of  chiomhim.  excluded 

I  aifi  gimduUy  i«dae««  the  ehnmic  salt  to  a  chromoos  aalt,  the  liquid  after  a 

Ft  Boquirina  a  fine  bine  eotoar,  and  hydrogen  being  evolved  by  decompoeitioD 

Iftbeiinebe  left  in  the  liquid  after  the  change  of  Rilour  from  green  to  blue 

ra  to  escape  alowly.  and  the  liquid,  after  some  weeks  or 

contain  chromiam,  the  whole  of  that  melal  being  pre- 

ic  aah,  and  its  place  taken  by  sine.     Titt,  at  a  boilinf 

mic  salt  to  a  chromona  salt,  bnt  ODiy  to  •  Kraited  cstMit ; 
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and  OA  leaving  the  liqnid  to  eool  after  the  action  has  ceaaed,  a  eontiarf  action  hikee 
place,  the  dichloride  of  chxominm  decompoeing  the  dichloride  of  tin  prerionaly  ibnned, 
iwiiicing  the  tin  to  the  metallic  state,  and  being  itaelf  reoonTerted  into  ■eequiehlorida. 
Ifwi  does  not  lednce  chromic  salts  to  cfaromons  salts,  but  merely  precipitates  a  banc 
sulphate  of  chromic  oxide,  or  an  ozychloride,  as  the  case  may  be. 

Chromous  salts  axe  but  rarely  met  with  in  solution :  for  their  characten,  see  Di- 

CHLOBIDB  OF  CBBOKITnC  (p.  942). 

Chromic  acid  and  its  salts  are  recognised  in  solution  by  forming  a  pale  yellow  pre- 
cipitate with  Aaniim-salts,  bright  yellow  with  Uad-nltB,  brick  red  with  fMsrvwrmt*- 
•uts,  and  crimson  with  ft/twr-salts  (p.  932). 

8.  Quantitative  £« ^im a ^ ton.— Chromium  is  usually  estimated  in  the  stats  of 
■esquiozide.  When  it  exists  in  solution  as  a  chromic  salt,  it  may  be  precipitated  by 
ammonia,  care  being  taken  to  aToid  a  laige  excess  of  that  reagent  (which  would  dissolTB 
a  portion),  and  to  heat  the  liquid  for  some  time.  The  chromic  oxide  is  then  com- 
pletely predpiti^ed,  and  the  precipitate,  after  washing  and  drying,  is  reduced  by 
Ignition  to  the  state  of  anhydrous  sesijuioxide,  containing  69*1  per  c(uit  of  the  metal 

When  chromium  exists  in  solution  m  the  state  of  chrcnnic  acid,  it  is  beat  to  precipi- 
tate it  by  a  solution  of  merenrous  nitrate ;  the  mereurous  chromate  thereby  thrown 
down  yields  by  ignition  the  anhydrous  sesquioside.  The  chromic  acid  might  also  be 
precipitated  and  estimated  in  the  fonn  of  a  barium  or  lead-salt 

Chromic  acid  may  also  be  estimated  by  means  of  oxalic  add,  which  nduees  it  to 
sesQuioxide,  being  itself  converted  into  carbonic  add.  The  quantity  of  carbonic  anhy- 
driae  erolred  determines  the  quantity  of  anhydrous  chromic  add  preseat»  3  at  CO' 
eotresponding  to  1  at  C^G',  as  shown  by  the  equation : 

2CrO«   +  8C*H«0«  -  CrW  +  6C0«  +  8BP0. 

The  mixture  may  be  heated  in  the  carbonic  add  flask  represented  in  JSff,  5,  p.  119. 
If  the  object  be  meroly  to  determine  the  quantity  of  chromium  present,  any  salt  or  oxalie 
add  may  be  used;  but  if  the  alkalis  aro  also  to  be  estimated  in  the  remaining  liquid, 
the  ammonium  or  barium-salt  must  be  used. 

Lastly,  chromic  add  may  be  estimated  by  Bunsen*s  yolumetrie  method.  The  duomie 
add  is  deoomposed  by  boiline  with  excess  ci  hydrochloric  add,  whereupon  1  st  duomie 
anhydride  eliminates  3  at  (mlorine : 

2CrO«  +  12Ha  -  Cr«Cl«  +  6HH)  +  3CP; 

and  the  3  at  chlorine  passed  into  a  solution  of  iodide  of  potasdum,  liberate  8  at 
iodine,  which  is  estimated  by  a  standard  solution  of  sulphurous  add,  as  described  under 
YoLUXBTBio  Ahaltsis  (p.  264),  so  fiiat  8  at  iodine  correspond  to  1  at  QrO*. 

4.  Separation  of  Chromium  from  other  Elements. —  Chromic  oxide,  ia 
the  state  of  neutral  or  add  solution,  is  easily  separated  from  the  alkaUa  or  aUcahwi 
earths  by  predpitation  with  ammonia,  care  bong  taken  in  the  latter  ease  to  protect  the 
liquid  and  precipitate  from  the  air.  The  same  method,  with  addition  of  sal-ammoaiac, 
serves  to  separate  chromic  oxide  from  magnuia.  Th»  separation  from  the  alkaHse 
earths  and  from  magnesia  may  also  be  effected  by  predpitating  the  whole  with  on 
alkahue  carbonate,  and  ignitins  the  predpitate  with  a  mixtoro  of  carbonate  of  sodium 
and  nitre.  The  chromium  is  then  converted  into  chromate  of  sodium,  which  may  be 
dissolved  out,  and  the  solution,  after  neutralisation  with  nitric  or  acetic  add,  treated 
with  mereurous  nitrate  as  abova 

fVom  alumina  and  glucina^  chromic  oxide  may  be  sepirated  by  treating  the  solution 
with  excess  of  potash,  and  boiling  the  liquid  to  precipitate  the  chromic  oxide.  The 
separation  is,  however,  more  completely  effected  by  ftising  with  nitre  and  carbonate  ci 
sodium,  treating  the  frised  mass  with  water,  addin^^  an  excess  of  nitric  add  to  diasolre 
anything  that  may  be  insoluble  in  water,  and  precipitating  the  alumina  or  gjlucina  by 
ammonia. 

Another  method  of  converting  chromic  oxide  into  chromic  add,  and  thereby  efleetiag 
ito  separation  from  the  above-mentioned  oxides,  is  to  treat  the  mixture  with  excess  of 
potash,  and  heat  the  solution  gently  with  peroxide  of  lead.  The  whole  of  the  chro- 
mium is  then  converted  into  chromic  add,  and  remains  dissolved  ss  chromate  of  lead 
in  the  alkaline  liquid ;  and  on  filtering  from  the  excess  of  peroxide  of  lead,  and  any 
other  insoluble  matter  that  may  be  present  and  supersaturating  the  filtrate  with  acetic 
add,  the  chromate  of  lead  is  predpitated.    (Chancel,  Compt  rend,  xliii.  927.) 

■Chromic  acid  may  be  separated  from  the  alkalis  in  neutral  solutions  by  predpita- 
tion with  mereurous  nitrate ;  also  by  reducing  it  to  chromic  oxide  witii  hydrochloric  arid 
and  alcohol,  and  predpiteting  by  ammonia.  From  the  earths  it  may  also  be  separated 
Yxj  this  latter  methocC  or,  again,  by  flising  with  carbonate  of  sodium,  dissotving  oat 
with  water,  && 

From  iron,  fine,  nickel,  cobalt,  uranium,  and  cerium,  chromium  may  be  separated  by 
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ImitreandBufaonktoof  ■odinm.orwitli  the  mt>ODkt*  tloiie  if  it  u  ilTe&dj  id 

t  ebninie  add.    Or,  agwu.  ths  lepuation  nuy  be  effectrd  b;  meoiu  of  poUih 

id*  of  lead,  (ccordiog  to  Chuicel's  methml  Kbave  deacribed. 

•istjan  of  chiomium  from  tnanffanite  Moaot  be  effected  immediitelj  in  t^ 

ecanae  the  manganeae  ii  at  the  aame  time  coaverted  into  manganate  or  ^er- 

t  of  eodiiun  :  bat  on  diBSolviag  is  water  and  adding  alcohol  to  the  eolntion, 

moe  u  cedncvd  to  peroxide  and  cotnpletal;  predpitated,  while  the  chromiiun 

isnlved  aa  chromale. 

Unium,  tanlalu-m,  and  coiumbitan,  chromioni,  if  in  the  Rtale  of  Maqoioiide, 

laratod  bj  fnnoK  the  mixtnn  with  nitie  and  allcaline  carbonate,  extncting 

T,  reducing  tbe  i^iromiiun  to  the  itale  of  leeqaioiide  bj  bailing  with  hydro- 


.... predpitalinff  hj  ai 

iHTHT,  tiad,  tin,  and  the  other  metala  of  the  fint  gronpfp.  217)>chramiiim 
Ed  by  mJph jdric  j    ' ' 


oluupltoric  acid  is  preient  in  eolntjon,  together  with  chromic  acid,  the  phoe- 
d  i3  precipitated  as  phosphate  of  nugneaium  and  ammoniom,  and  then  the 
ai  bj  an;  of  the  preceding  methoda. 

•Uoric  acid  it  eepamted  finm  ebromic  acid  bj  nitrate  of  ailTer.  and  the  eicesi 
ia  remoTcd  b;  inlphnretted  hrdrogen,  the  chromic  acid  being  at  the  aame 
iced  to  seaqnioxide,  which  ma^  be  predpitAted  b;  ammonia. 
add  is  aeparat«d  ftom  chromic  acid  in  the  aame  manaer  aa  (com  all  other 
a,  and  the  chromium  ia  afterwaida  predpitat«d  aa  oxide. 
■eaqmosidA  of  ehtominm  and  dimmi:  acid  occur  together  in  aolation,  the 
MJd  maT  be  ptedintated  hj_  metmrona  nitrate,  the  aofntion  being  first  com- 
•nlziliaed,  and  the  aeaqiiiozida  precipitated  from  the  filtrate  bj  ammonia, 
the  same  time  throwa  down  a  merctii7-componDd,  to  be  afterwarda  aqiarated 
chromic  acid  hj  ignitioB. 

id'an  0/  Ciromt-oret.  —  The  taloe  c^  a  chrome-ore  depends  npon  the 
of  chromic  add  that  it  will  yield.  To  aacertaic  thia  point,  the  ore  ia  calcined 
txtnre  of  nitre,  alkali,  and  lime,  the  nse  of  the  lime  bving  to  keep  the  mixture 
r  condition,  and  prevent  the  he«Tj  ore  from  falling  to  the  bottom  (aee  p.  938), 
ch  the  aolahle  chromate  ia  extracted,  and  the  amount  of  chronue  add  muj 
letermined  bj  anj  of  the  methods  alreadj  giren. 

tot  ColTeit  of  Hanchmter,  has  given  two  processes  for  the  valuation  of  chrome 
Ihem.  Sot  Qn.  J.  v.  1B4.) 

I  ore  in  flne  powder  is  mixed  with  three  or  four  times  its  weight  of  aoda-lima 
1  hy  alakiog  quick  lime  withcanettc  soda,  thendiying  and  calcining  the  mass), 
is  mixture  of  aads-lime  and  ore  is  added  one-foiirlii  ofnitrste  of  sodium.  The 
then  well  caldned  for  two  hoars,  care  bdng  taken  to  stir  the  pan^  maaa 
liter  of  an  hour  with  a  platinum  wire.  This  mixture  not  becoming  fluid,  the 
latanllj  kept  in  contact  with  the  oxjgen  of  the  atmosphere,  and  thua  the  oxide 
ium  is  coDverted  Into  chromic  add.  One  treatment  is  generally  auffident  for 
leto  decompositJon  of  the  ore. 

psater  part  of  the  mass  ia  now  dissolved  in  water,  and  the  insoluble  portion 
ith  anlphnric  add  diluted  with  twice  its  bulk  of  water ;  the  whole  is  then  re- 
am the  crucible,  and  a  little  alcohol  ia  added  to  the  aolutiou  in  order  to  render 
ateof  caldominsolnble.  The  whole  ia  next  thrownon  a  filteraad  washed  with 
ihoL  which  diasolvee  all  Che  add  chromate  formed,  and  leaves  the  sulphate  of 
together  with  any  portion  of  ore  that  may  not  have  been  attacked.  The  aul- 
c^um  ma^  be  temoTed  hj  washiDg  the  filtor  with  boiling  water,  and  the 
ore,  if  any,  is  (o  be  recoletoed. 

ilntion  cont&ining  the  add  chromate  of  sodium  ia  now  neulraliaed  with 
,  and  oxalate  of  ammonium  ia  added,  which  gives  rise  to  a  small  predpitate  of 
de  of  iron,  alumina,  and  oxalate  of  calcium,  together  with  a  little  siLca  dis- 
'  the  anlphnric  add.  The  precipitate  having  been  separated  and  well  washed, 
r  is  either  mixed  with  alcohol  to  reduce  the  chromic  add  to  the  state  of  aes- 
which  may  then  be  predpitated.  washed,  dried,  ignited,  and  weighed ;  or, 
he  liquor  ia  rendered  ad(£  and  the  amonnt  of  chromic  add  estimated  bi 
I  proceaalChem.  8oc.  Qn.  J.  It.  239)  with  diehloride*  of  tin  (commonly  called 
ridr).  lW  method  depends  on  the  reaction  of  diehloride  of  tin  with  add 
I  at  sodium  or  potaasium  in  pr««ence  of  free  hydrochlorie  aeii^  whambj 

•  AUwU  •rlthl  ot  llB  ■  IkS. 
JP 


946  CHROMIUM:  FLUORIDES. 

the  dichloride  of  tin  ib  oonvezted  into  tetraohloride^  and  the  duomie  acid  into  teaqoi* 
chloride  of  chrominm : 

3Sna«  +  Na»C5rO«.CrO»  +  14HC1  «  38nCl«  +  2Naa  +  7H«0  +  Ci«CI«. 

A  solution  of  dichloride  of  tin  of  known  strength*  ia  added  (o  the  solution  of  add 
chromato  of  Bodium,  till  the  latter  is  completely  decomposed, — ^which  may  be  knovn  by 
the  solution  no  longer  giving  a  yellow  precipitate  with  acetate  of  lead  —  and  th« 
quantity  of  acid  chromate  present  is  calculated  from  the  amount  of  tin  in  the  solution 
used.  Penny  has  shown,  by  direct  experiment,  that  in  the  above  reaction,  100  ptt,  of 
metallic  tin  correspond  to  83*2  pta.  of  acid  chromate  of  potassium,  or  78*4  pts.  of  acid 
chromate  of  sodium. 

b.  The  finely  divided  ore  is  calcined  with  nitrate  of  barium,  a  small  quantity  of 
caustic  potash  being  added  towards  the  end  of  the  operation  to  facilitate  the  action,  and 
give  rise  to  chromate  of  potassium.  The  pasty  condition  of  the  fused  baryta  prerents 
the  ore  from  fedling  to  the  bottom,  and  thus  keeps  it  in  contact  with  the  air.  On  cooling, 
the  crucible  and  its  contents  are  immersed  in  dilute  nitric  acid,  which  dissolve  the 
greater  portion  of  the  mass,  leaving  the  imattacked  ore,  which,  after  being  wa«bi^ 
may  be  reealcined.  The  liquor  containing  the  acid  chromates  of  potassium  aad 
barium,  nitrate  of  barium,  seequioxide  of  iron,  alumina,  and  lime,  is  flnt  heated  with 
sulphate  of  potassium,  which  throws  down  the  baryta  as  sulphate,  which  is  collected  oo 
a  mter  and  washed ;  ammonia  and  oxalate  of  ammonium  are  then  added  to  throw 
down  sesquioxide  of  iron,  alumina,  and  lime ;  the  mixed  precipitate  is  collected  and 
washed ;  and  the  amount  of  chromic  acid  determined  as  before. 

5.  Atomic  Weight  of  Chromium.— Beizelivm,  in  1818  (Schw.  J.  zzii.  68),  esti- 
mated the  atomic  weight  of  chromium  from  the  composition  of  chromate  of  lead.  100 
pts.  nitrate  of  lead  (containing  67*31  Fb'O),  yielded  by  precipitation  with  chromat«  of 
potassium,  98*772  pts.  PbO.CrO* ;  whence,  tiJdng  the  atomic  weight  of  lead  at  207*18, 
that  of  chromium  was  found  to  be  66*28. 

P^ligot,  in  1844  (Ann.  Ch.  Phya.  [31  xii.  628),  showed  that  this  number  was  too 
high.  From  the  analysis  of  chromous  chloride^,  CrCl',  in  which  he  found  66*7  to  58*i 
per  cent,  chlorine,  and  likewise  from  that  of  the  acetate,  he  estimated  the  atomic 
weight  of  chromium  at  62*48. 

Berlin  (Ann.  Ch.  Pharm.  Ivi.  207;  Iz*  182)  analysed  chromate  of  silver  t»7  pre- 
cipitating the  silver  with  hydrochloric  add,  then  reducing  the  chromic  acid  u  th* 
filtrate  to  chromic  oxide,  and  precipitating  by  ammonia.  From  the  quantity  of  chlorido 
of  silver  obtained  (Ag  »  108 ;  CI  «  86*206),  he  found,  as  a  mean  of  five  experimenta, 
Cr  *  62*68,  and  by  comparing  the  quantity  of  chromic  oxide  prscipitatea  with  tb« 
original  quantity  of  chromate  of  silver,  Cr  »  62*54. 

Berlin  likewise  adopted  the  method  of  Berzelius,  and  found  that  100  pte.  nitrate  of 
lead  yield  from  97*669  to  97*694  pta.  chromate  of  lead,  whence,  aa  a  mean  teeultt 
Cr  -  61*98. 

Mob  erg,  in  1841  (J.  pr.  Chem.  xliii.  114;  xliv.  322),  estimated  the  atomic  weight 
of  chromium  by  the  analysis  of  chromic  sulphate  and  of  ammouiacal  chrome-alum. 
From  the  quantity  of  chromic  oxide  in  the  sulphate  dried  at  300°  C.  he  found  Cr  •«  63*  10, 
frum  that  which  remained  after  heating  ammonio<hrome-alum  to  bright  radnenit, 
Cr  «  63  66. 

Lef  ort,  in  1860  (J.  Pharm.  [31  xviii.  27),  determined  the  quantity  of  baryta  in 
chromate  of  barium,  by  dissolving  the  salt  in  nitric  acid  and  precipitalang  by  sulplinric 
acid.  In  fourteen  experiments  he  found  that  100  pts.  chromate  of  barium  yieUed 
60-36  to  60-01  baryU;  mean  6019:  whence,  if  Ba-137-12,  Cr«-63'28. 

Lastly,  Wildenstein,  in  1863  (J.  pr.  Chem.  lix.  27)f  determined  the  quanti^of 
chromate  of  barium  precipitated  from  chloride  of  barium  by  neutral  chromate  of 
potassium.  As  a  mean  of  32  experiments,  he  found  that  100  pta.  chromate  of  barium 
correspond  to  81*70  of  the  chloride ;  the  limits  were  81  62  and  81*86.  If  then  Ba^ 
137*12  and  CI »  35*46,  the  value  of  Cr  is  63-62. 

Aa  the  precipitation  of  baryta  by  sulphuric  acid  is  affected  by  an  error  ariaing  from 
the  carrying  down  of  a  portion  of  the  dissolved  salt  with  the  predpitated  sulphate, 
and  as  moreover  the  atomic  weight  ol  barium  is  not  very  exactly  known,  it  is  probabl« 
that  the  determinations  of  the  atomic  weight  of  chromium  by  Berlin  and  by  P^ligttt 
are  the  most  exact,  and  the  number  62 '48  may  be  considered  very  near  to  the  tns 
value.    (Handw.  d.  Chem.  2««  Aufl.  ii.  [1]  482.) 

CUoauUK.  nyo&ISas  Ol*.  Chromic  fluoride^  Cr^,  is  obtained 
by  treating  the  sesquioxide,  dried,  but  not  ignited,  wiih  exeesa  of  hydroftnoric  acid, 
and  heating  the  dried  mass  very  strongly  in  a  platinum  crucible.  It  ia  dark  gneo, 
melts  at  a  high  temperature,  and  is  but  very  slightly  volatile,  even  at  the  melting 
point  of  steel.    When  subjected  to  the  highest  temperature  produced  by  a  lamp  uiged 

*  The  strenflth  of  a  solutioQ  of  dichloride  of  tin  is  most  easily  aioartaiMd  by  nmas  of  a  itaadud 
tolutioB  of  acid  chromate  of  poUssinm. 
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n,  it  nbliiDM  in  ihEiuBg  tegular  oetahednu  (Darillc^  Ann.  Ch.  FlutttD. 

BeneliiK  obtaiaed  it  w  ■  greeo  crjsbtUias  uline  m 
'-  fluoride  unites  with  the  flooride"    ' ' — 


[Teen  qxuinrij  wdabl* j.__ 

luaride,  CrF*,— Tbia  compound,  diKorarad  by  DDTudorbra,  a  obtained  bj 
1  pL  of  ehramate  of  laid  witb  1  pt  Suor  ipar  and  3  pta.  fuming  oil  i4 

a  leaden  retort,  and  collecting  the  vapours  in  u  perfectlj  drj  leaden  receiTer 

veiy  low  temperature:  it  then  condenses  to  a  blood-red,  Btrou(lj'  fuming  liquid, 
oomes  gaseous  again  at  a  temperature  very  little  higher.  Tae  rapour  is  red, 
1  inhaled,  produces  nolent  couching  and  UTcre  oppreuion  of  the  longi.  It 
ipcaed  bj  water,  forming  hjdioDuoru:  and  chromic  aeida,  and  when  it  mixes 

air,  fbims  a  thick  white  fume,  coloured  orange-jellow  on  the  edgea  by  minota 

of  chromic  add.    With  ammonia  it  oniles,  according  to  UuTerdorben,  forming 

Tolatile  body ;  but,  aocording  to  BerzeLiua,  it  is  decomposed  with  uligbt  ex- 
producing  ojtrogea  gas,  water,  and  hjdro&uoric  add.     Metals  and  other 

a^nls,  organic  as  wdl  aa  iuorgauii^  abatract  part  of  the  fluorine,  leaTin^  tha 
onde.  SiLdc  add  deeompoH  it  immediat^,  forming  fluoride  of  lilidum 
mie  add  ;  hence  it  corrodai  glass ;  it  may  be  kept,  howerer,  br  a  while  ia 
Bala  coated  with  resin. 

ISO  (Fogg.  Ann.  xxriL  666),  inppoaed  that  the  fonnnla  of  this  comjiound  was 
:aiise  it  contains  more  fluorine  tMaa  tJie  Ibrmula  CrP*  requirai,  and  its  deeom- 

by  wat«r  ia  attended  with  eiolutiou  of  oxygen,  aa  well  aa  the  formation  of 
and  liydroflooric  acids,  fierielina,  on  tha  contra^,  was  of  opinion  that  the 
'  fluorine  abore  6  atoms  arose  bom  admixture  of  by^roflnoric  add,  and  that  the 
I  of  oxygen  in  its  decompoeitioD  by  water,  was  due  to  the  prerious  miiture  of 
witb  the  rapour  of  the  fluoride,  inasmuch  as  the  residue  obtained  in  tha  prr- 

of  the  compound  always  containa  chromic  oxide.  , 

ride  of  inlermediftle  composition  between  the  seaqui-  and  tri-flnoridea  is  ob- 

i  solution  by  diuolring  brown  oxide  of  chrominm  in  hydrofluoric  add-    The 

la  red,  and  yields  by  eTaporation  a  rose-coloured  salt,  which  is  redisaolrrd 

pjtaration  by  water,  and  precipitated  brown  by  ammonia. 

aiKXOIK,  ZOSZSaa  or.    Cknmie  ieditU,  Ci>I',  ia  obtained  in  sdntion 

ring  chromic  hydrate  in  hydriodic  add,  or  by  treating  cbromata  of  silver 
Iriodic  acid  nnU  olcohoL  It  is  green,  sod  yields  by  STaporadon  a  green 
gidus.  whicb  ipLta  into  ailall  piacas  on  cooling.  It  ia  inaolnbla  in  cold,  easily 
n  wtrm  araur,  but  doce  not  aepaiate  out  again  on  cooling.  No  other  todid« 
lium  i*  koowa  with  cartainty. 

DKXmi,  vxrmxm  or,  (VM^r  Thi*  oompouDd  is  ptodnead  wliea 
loride  of  cbromiomis  heated  in  aalmun  of  ammonia-gaa  :  probably  thoa; 

SCHO*  -^  26SH'  -  2C»»H'  +  l8NH*a  +  aff; 
if  chlorochromic  anhydride  is  treated  in  a  similar  manner.  It  ii  a  brown 
which.  whrD  baated  to  1M°— 200°  C.  in  a  stream  of  oxygen,  takes  flie  and 
th  a  red  light,  giring  olT  nitrogen  gas  and  a  small  quantity  of  pemitric  oxide, 
ing  trichloride  of  chromium.  {Liebig,  Pt«g.  Ann.  ixi.  3e9.— Schriittar, 
.  Pharm.  niTii.  US.— Gm.  iv.  189.) 

9MZDSK,  OXZmS  OT,  Chromium  forms  seTaisl  compounde  with  oxygen, 
the  firoCoiide.  CrO,  the  tttquioxidt,  0*0',  the  ttioiidt,  or  ciromk  attXydriiU, 
Ibo  nn  oiida,  CrKJ',  intermediate  twtween  CiO  and  CrK)",  and  seTeral  oxides 
liale  between  CrW  and  CrO'. 

oxiDaoFCHBOiiinK.  CxBoiioDsOxiDi,CrO.  (Mobarg,J.pr.Cham. 
l.-PAligDt,Ann.Ch.Phj-s.[3]iii.6a8.)— Thi.  oxide  probably  exists  in  some 
IS  of  chrome-iiDD  ore  (p.  939)  and  in  pyropa.  It  is  precipitated  as  a  hydrate 
uion  of  potash  on  a  aolution  of  the  protochlorids.  The  anhydrous  protoxide 
been  obtained.  Tha  hydrate,  ^CtO.H'O,  is  TSy  unstable,  decompoMa  wsUr 
ndinaij  temparatures,  and  unless  carefully  protactad  tiom  the  air,  by  praci- 
with  a  well-boiled  solution  of  potaah,  is  conTertad,  as  soon  as  it  is  formed,  into 
[>-chromie  oxide,  with  emlution  of  hydrogen.  It  must  be  dried  in  an  atmo- 
if  hydrogen.  It  is  yellow  when  recently  jired^itated,  brown  when  dry.  and 
^reserved  unaltered  in  dry  air.  When  ignited,  it  givaa  offhydrogsn  and  leana 
ide :  aCrO.HK)  -  (VO*  +  H', 

louB  hydrate  is  insoluble  in  dilute  acids,  but  diaiolTM  slowly  in  ationg  adds, 
romoDB  salts  are  most  easily  prepared  by  mixing  a  solution  of  the  pioto- 

with  tha  potaaaium  or  aodium-sslt  of  the  corresponding  add,  Th^  are 
f  of  a  rad  colour,  aomaCimBS  Inclining  to  blue,  diasolre  but  sparingly  in  cold 
lore  readily  in  hot  wat«r.    Like  famiua  aalls,  they  diaaolve  la^  quantitiaa  td 
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oitrie  oxide,  fonning  duk  brown  solutions.     (For  their  other  rsacdonsb  see  Di* 

CHLOBIBB  OF  CbBOMIUM,  p.  942.) 

Chbomobo-cbboiixo  oxidb,  CrH)\  or  CrO-CrH)*. — Formed  when  protoehlorids 
of  ehrominm  is  precipitated  by  potash  without  the  pzecantioDS  above  meotioned  for 
ezduding  the  air.  After  washiog  in  water  and  drying  in  the  air,  it  has  the  eokdir  of 
Spanish  tobaeoo.    It  is  but  slighUj  attacked  by  acids. 

Sbsquiozidb  or  Cbbomxum.  Cbbomic  Oxidb,  WO*, — This  oxide  exists  in 
ehrome-iron  ore  (p.  989)  and  in  chrome-ochre.  The  latter  occurs  as  a  yellowish-grpeo, 
earthy  or  argillaceous  deposit  ffenerallj|r  mixed  with  clay,  in  the  Shetland  Isles,  at  CRusot 
in  France,  at  Hslle  and  Waldenbuig  in  Silesia,  at  Martenbeig  in  Sweden,  &c  (Daoa, 
ti  3391  It  is  produced  by  heating  chromium  to  redness  in  the  air,  by  the  ignitioD  of 
chromic  hydrate,  by  the  decomposition  of  chromic  anhydride  and  of  Tarious  chromit««, 
some  of  these  processes  yielding  it  in  the  amorphous,  others  in  the  crystalUne  state. 
'  a.  Amorpkotu.  1.  'When  mereurous  chromate  is  heated  as  long  as  oxygen  sod 
vapour  of  mercury  are  erolved,  diromic  oxide  remains  of  a  Tery  fine  green  eobur. 
It  IS  beet  to  heat  the  salt  in  a  oorered  crudble,  since,  if  the  air  has  free  aoeesa  to  it  part 
of  the  sesquioxide  is  converted  into  brown  oxide,  which  impairs  its  colour.  (Otto.) 
— 2.  When  acid  chromate  of  potassium  is  heated  to  redness  with  sulphur,  the  chromic 
acid  is  reduced,  sulphurous  anhydride  is  eTolved,  and  there  remains  a  mixture  of 
chromic  oxide  with  sulphide  and  sulphate  of  potassium,  from  which  the  soluble  salU 
may  be  extracted br  water.  (Lassaigne,  Ann.  Gh.  Phys.  [3]xiT.  299.)— 8.  Berthinr 
ignites  chromate  of  potassium  in  a  charcoal  crucible,  or  mixes  it  with  charcoal  powder 
or  lamp-black,  and  ignites  it  in  an  ordinary  earthen  oucible ;  ^Jissolves  the  chromite  of 
potassium  produced  in  cold  water;  heats  the  filtrate  to  the  boiling  point;  collects  the 
predpitated  hydrate  on  a  filter ;  washes  it  thoroughly  with  water ;  and  lasitly  i^t«s  it. 
— 4.  Wo  hler  (Poog.  Ann.  x.  46)  i^ites  a  mixture  of  add  chromate  of  potassium  with 
about  its  own  weiglu  of  sal-ammomac  and  a  small  quantity  of  carbonate  of  sodium 
in  a  covered  crucible,  till  no  more  vapour  of  sal-ammoniac  is  disengaged ;  and  then 
purifies  the  sesquioxide  of  chromium  from  chlorides  of  potassium  and  sodium,  bj 
washing  with  water. — 6.  Barian  (Rev.  scient.  xx.  426)  mixes  4  pts.  of  acid  chrooiate 
of  potsssium  with  1  pt.  of  starch ;  ignites  the  mixture  in  a  crucible ;  washes  am 
the  resulting  carbonate  ot  potassium  with  water ;  and  again  ignites  the  residue.  H« 
states  that  the  chronic  oxide  thus  obtained  is  so  pure  that  it  may  be  used  for  glssiDg 
poieelain.—^.  WKen  acid  chromate  of  ammonium  is  heated  in  a  platinum  or  pQioe> 
uin  basin  over  a  lamp,  a  veiy  energetic  action  fakes  place,  accompanied  bjr  strong 
incandescence,  and  green  bulky  masses  of  chromic  oxide  shoot  out  in  every  directioii, 
very  much  resembling  unopened  tea-leaves.  (Bottger,  Ann.  Ch.  Pharm.  xlviL  882.) 
— 7.  A  veiy  fine  and  intimate  mixture  is  made  of  48  pta  of  gunpowder,  240  pts.  of 
perfectly  dry  add  chromate  of  potasdum,  and  6  pts.  of  equally  dry  chloride  of  ammo- 
nium. This  mixture  is  made  into  the  shape  of  a  cone  (by  presaing  it  into  a  wine 
glass,  and  afterwards  carefully  shaking  it  out)  and  then  transfened  to  an  iron  plate. 
A  burning  ftisee  or  other  combustible  u  then  applied  to  the  top  of  the  co&e,  where- 
upon it  tSkeB  fire,  and  slowly  bums  throughout  its  whole  mass.  On  exhausting  th« 
cone,  while  still  hot,  with  water,  a  residue  of  chromic  oxide  is  obtained  in  the  fonn  of  a 
pale  green  powder.    (Bottger,  loc.  eit.) 

b.  CrystaUiaed,  1.  When  vapour  of  chloro-chromic  anhydride  is  slowly  nasswd 
through  a  p;lass  tube  heated  to  low  redness,  chlorine  and  oxygen  are  erolveo.  and 
chromic  oxide  remains  in  the  tube  as  a  crystalline  deposit,  sometimes  intenpersed  witb 
larger  ciystals  (Wohler,  Ana  Ch.  Pharm.  Ix.  2U3). — 2.  When  add  chromate  of 
potasdum  is  heated  to  whiteness  for  eighteen  hours,  a  mixture  of  the  neutral  chit>- 
mate  and  chromic  oxide  is  obtained ;  and  on  dissolving  out  the  former  with  water, 
chromic  oxide  remains  in  fine  iridescent  spangles  (O  en  tele,  J.  p.  Ghem.  liv.  184).— 
3.  When  dir  chlorine  is  passed  over  chromate  of  potassium  heated  to  redness  io  a 
porcelain  tube,  the  gas  is  completely  absorbed,  oinrgen  is  evolved,  and  chloride  of  potas- 
sium is  formed,  together  with  chromic  oxide,  in  long,  shining,  green,  brittle  tablets,  if 
the  tube  is  heated  only  to  a  dull  redness,  but  in  hard  brown  crystals  like  those  ob- 
tained by  Wohler^s  method,  if  the  temperature  is  raised  to  bright  ledneas  (Friay,  Ann 
Ch.  Phann.  xlix.  274).  Blake  {ibii,  di  831)  found  chromic  oxide  cr^staUised  is 
plates  having  the  metaUic  lustre  and  belonging  to  the  hexagonal  svstem,  m  the  craeki 
of  a  ftimace  which  had  been  used  for  a  long  time  for  the  preparation  of  ehiomate  of 
pfltMnnm  fbom  ehrom<^iron  ore. 

dystalliaed  diromic  oxide  prepared  by  Wohler's  method  fonns  aystals  of  ifaombo- 
bednl  eharaeter,  greemsh-black  with  metallic  lustre,  and  as  hard  sa  eonadnm,  to 
ifcat  they  scratch  glass.  Their  specific  gravity  is  6*21,  and  th^  yield  a  greesiih 
powder  by  trituration. 

Amorpnous  chromic  oxide  obtained  by  decomposing  the  hydrate  at  a  tempemturs 
below  redness,  has  a  dark  green  colour;  that  which  has  been  strongly  ignited  (methods 
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Oil)  ii  bright  grecB.    When  Uie  oxide  prepared  it  a  modtrnW  htti  ii  gndn- 

ed  to  ■  lughv  t«Dip«ntnn,  it  laddralv  beeomM  ineudeaeaDt  aod  li  after- 
ftAj  insolablB  in  ad<U.  According  to  Bcnelina,  it  then  oootalna  tb«  indif- 
lodAcation  of  chromimn  (p.  641).  Bt  ignition  with  nilntc  a  utd  nlphata 
rinm.  it  maj  be  bronght  back  to  the  BomUe  itate. 

phoua  ehromie  oxide  melta  at  the  heat  of  •  (bi^flre,  and  on  eooUng  brma 
lb-black  crjHtalline  dm*,  exhibiting  all  tbe  propertiea  of  the  oTitalline  oxide 
,  bj  WoUer'l  method.  It  is  not  rednced  by  hydrogen  gaa.  Chareoal  redneea 
tnt«nu  Thite  heat,  bat  only  at  the  pointa  where  it  u  in  oonUtct  with  tfaa 

lie  oxida  ij  naed  in  the  preparation  of  green  glaM  and  enamel,  bat  ttpaciaUj 
oiating  of  pOR^Iain.  Tt  ia  alio  used  in  ordinary  painting,  filming  one  of  Uu 
maoent  green*,  called  ehrom  e-gieea. 

■ated  Cironiii  Oiidt.  Ckromin  ffydrafej.— Cbnmio  oxida  forma 
LydraUa  differing  in  tbair  propertiea.  When  a  eolntioa  of  a  men  ot  nolet 
uJt  ia  mixed  with  potash  or  aoda,  a  bloieh-gnen  bydimto  la  predpitaled, 
wo1tp<  with  emerald-green  eoloor  in  tticeas  of  the  predpitant,  bat  ia  npr» 
.  completely  aa  green  hydntvon  boilins.  With  ammonia,  the  violet  aalta  give 
Inp.  the  green  Bolts  ■  grejereen  predpitate.  Both  theae  predpitate*  dieaolve 
acids,  tlie  former  irit£  red,  the  latter  with  green  colonr.  In  ezeeaa  of  am- 
Jiey  both  diuotTe  slowly  with  peach-hloesom  oolonr,  the  greyiah-blna  pra- 
hoveTer,  the  mora  abundantly  of  the  two. 

ropertin  of  the  hydratea  precipitated  bj  ammonia,  are  affected  to  a  eon- 
:  extent  by  the  concentration  snd  temperature  of  the  ehremie  aolntion  and 
mmonia.  by  the  way  in  which  they  are  mixed.  Set. ;  and  the  reaolts  obtained 
ent  experimenters  regarding  the  conititation  and  propertiea  of  these  hydmtea 

0  means  icconlanL  L.  Schiffner  (Ann.  Ch.  Pbann.  li.  IflS)  deacribas  thrae 
tioni  of  chromic  hydrate;  the  Brat  obtained  by  boiling  chremic  chloride  with 
f  polaah.  and  containing,  according  to  Ordway  (Sill  A"",  J.  [2]  xxtI  197), 
['O,  or  U'Cr'O':  the  Bocnnd.  by  treating  the  chloride  with  aafBeieot  poUih  to 
e  Che  precipitate  first  formed,  and  neatialisiog  ths  azeeaa  of  alkali  with 
one  acid ;  the  third,  by  precipitating  a  aolution  of  a  chromic  nit  with 
{  ammonia :  the  dried  precipitaU  thus  obtained  is,  according  to  SchaDher, 
['O,  or  H"Cr"0". 

ollowing  results  hsTS  been  obtained  by  Lef  ort  (J.  Phann.  [t]  xviii.  2T>- 
chromic  salt  is  treated  with  eicess  of  caustic  soda-sol utiun,  the  precipitate 
med  rediesolTFB  with  ^i«en  colonr  if  the  origiaul  chromic  salt  was  green  or 

1  blnish-riolet  colonr  if  the  chromic  salt  was  bluish -violet.  The  aolDtione,  if 
lepoiit  ■  geUtinona  hydrate  of  fine  green  colonr.  coDbsining  Cr'O'.GH'O,  or 

It  becomes  hard  and  block  when  dry,  and  jielde  a  dark  ^een  powder. 
e  hydrate  is  obtained  by  poQiing  a  chromic  sut  of  either  modiflcation  into 
'  the  boiling  alkali -aolntion. 

er  green  borate,  ChW.eHK).  or  Hi>CrK)'.  is  deposited  when  the  solution  of 
oxide  in  excess  of  alkali  ia  left  to  itself.  It  exhibits  the  same  propertiee  aa 
eding  (Lefort).  According  to  Frteiy,  these  hydratea  contain  8  and  9  aq. 
■ely. 

!r»te  containing  Cr»0'.7H'0,  or  H"Ct*0'».  is  obtained  when  a  solution  of 
irome-alum  la  poured  into  eicess  of  ammonia :  the  nrecipitated  oxide  then 
1  and  rediasolTea,  and,  on  'beating  the  ammoniaeal  solntioD  to  a  temperature 
■eding  SO"  C,  a  gnjish.greeo  pulTemlent  pieeipilAte  ii  fbrmed,  hanng  the 
ion  juet  stated,  and  dissolving  in  acids  with  violet  colour.  (Lef  or L) 
O'.gH'O,  or  H»CrK)".— This  hydrate  is  depositad  aa  a  violet  powder  when  the 
ical-solalion  of  chrome-ahlm  is  left  to  avuarate  in  the  air  or  over  oil  of  vitrioL 
7,  it  forms  a  gre jish-violet,  very  light  powder  i  when  dissolved  in  acids,  it  yield* 
.    (Lefort)  _ 

ding  to  Fr^y.  this  hydrate  is  obtained  by  precipitating  a  violet  chromic  salt 
monia,  and  drying  the  predpitate  in  vacoo.  It  disaolves  in  acetic  add,  am- 
nd  dilato  potash-ley.  Its  propertiea  are  liable  to  ecnsiderable  alteration  &om 
Ir  trifling  drcnmstances;  thns,  by  the  action  of  boiling  water.orby  prolonged 
■nth  cold  water,  by  the  action  of  eoneenlrated  saline  solatiot^  by  desiccation 
ral  days  in  the  air  or  in  vacuo,  and  tritoration,  it  ia  rendned  insolnble  in 
n  which  it  was  previously  soluble^  Fr^my  is  of  opinion  that  these  alteratioDS 
am  an  allatropic  modiflcation  of  the  chromic  oxide,  and  not  fiom  loss  of  water. 
.«  tbe  term  chromic  oxide  to  the  oxide  which  has  been  rendered  insoluble 
add,  potash,  and  ammonia  in  the  runner  jost  mentioned,  and  metachromie 
[o  that  oxide  which  ie  soluble  in  these  rssgenta,  and  is  predpitated  by  snt- 
om  a  violet  ehromie  salt 

3  r  3 
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A  ehxomie  hjdnte,  much  used  as  a  pigment,  is  the  emerald-green  of  Ptonetier, 
Cr'0'.2H'0  a  HK>H)*.  It  is  prepared  b^  melting  in  a  crucible  a  mixture  of  eqoiva- 
lent  qnantitiee  of  boric  anhydride  and  aad  efaromate  of  potaasiom,  whereby  chnmic 
boorate  and  borate  of  potassinm  are  obtained,  and  treating  the  (naed  matf  with  water, 
which  reeolves  the  chromic  borate  into  boric  acid  and  chromic  hydrate.  By  wiahiug 
tiiis  hydrate  and  finely  triturating  it,  a  brilliant  green  powder  is  obtained.  (Guignet, 
Bilk  Chim.  app.  1859,  p.  158.) 

Arnandon  (ilrid.  201X  by  acting  on  acid  chromate  of  potawdmn  with  phosphate  of 
ammonium,  likewise  obtained  a  Teiy  fine  green  pigment,  which  appeared  to  be  chiefly 
a  chromic  hydrate  containing  phosphoric  acid. 

For  ftuther  details  respecting  the  modifications  of  chzomic  hydrate,  see  Haodw.  d. 
Chem.  2**  Aafl.  ii  [2]  1221. 

Chromic  Salts. — The  salts  obtained  by  diasolTing  ehromie  ozido  or  hydrate  in 
acids,  eorrespond  in  composition  to  the  oxide  itself,  containing  that  is  to  say,  6  at 
of  monatomie  add  radicle  to  2  at  of  ehrominm,  or  3  at  of  a  diatomic  acid  radidf  to 
2  at  ehiominm,  e^g,  the  nitrate  Cx*(SO*)*,  the  sulphate  Cr*(SO«)*.  The  most  definite 
are  the  double  sulphates,  called  chrome-alums,  consisting  of  1  at.  chromic  sulphate  with 
1  at  sulphate  of  an  alkali-metal  and  12  at  water,  corresponding  in  composition  to 
cummon  alum,  and  crystallising  in  the  same  form,  e.g.  pot&ssio-chrosnic  sulphate 

K«SO«.Cr"(SO«)»  +  12HK>,  or  K2Cr*(S0*)«  +  12HH)  -  kwXh^  ^  12H«0. 

Chromic  salts  exhibit  two  modifications,  the  green,  and  the  red,  or  riolet  which 
pass  easily  one  into  the  other.  Thus,  a  solution  of  chrome-alum  prepared  in  the  cold 
has  a  riolet  colour,  which  changes  to  green  on  heating  the  solution,  but  reappears  after 
it  has  been  left  to  itself  for  some  time.  In  many  chromic  salts  the  nitrate,  for  example, 
the  change  from  green  to  violet  takes  place  reiy  quickly.  The  green  solutions  also 
take  a  bluish  tint  when  heated  with  nitric  acid.  The  Tiolet  appears  to  be  the  normal 
modification,  inasmuch  as  the  others  always  pass  into  it  after  a  while ;  and  it  is  onlj 
the  Tiolet  solutions  that  yield  crystallisable  salts,  the  green  solutions,  when  eTaporated, 
leaving  green  amorphous  masses. 

Schrotter  (Pogg.  Ann,  liii  13)  supposes  that  the  change  from  the  riolet  to  the 
flreen  modification  by  heat,  is  the  result  of  a  loss  of  chemically  combined  water,  which 
lA  gradually  resumed  when  the  green  solution  is  left  at  rest  Otto  (Lehrbuch,  3  Aufl. 
ii  93)  remarks,  in  opposition  to  this  view,  that  a  red  solution  of  chrome-alum  docs 
not  turn  green  when  mixed  with  strong  sulphuric  add,  prorided  rise  of  temperature 
be  prevented. 

Lowel  (J.  pr.  Chem.  xxxvii  38)  supposes  that  the  different  coloured  solutions 
contain  different  proportions  of  ada  and  base,  the  red  solutions  containing  normal 
chromic  salts,  such  as  Cr'(SO^)*,  or  GrK)'.3S0*,  and  the  green  solutions  basic  salts  of 
the  form  Cz*0'.2S0*.  This  view  receives  some  support  from  an  observation  of 
Kriiger  (Pogg.  Ann.  Ixi.  218),  that  when  a  green  solution  of  chrome-alum,  obtaini^d 
by  boiling  the  salt  with  a  very  small  quantity  of  water,  is  mixed  with  aloohol,  the 
alcohol  takes  up  a  porticm  of  the  sul|Auric  add,  while  the  se(Akmted  syrupy  liquid 
contains  the  salt  K'0.Cr'0'.3S0*.  This  salt,  when  dissolved  in  water,  does  not  return 
to  the  violet  modification  unless  a  quantity  of  sulphuric  acid  be  added  to  it  sufficient 
to  produce  the  normal  salt  K«0.Cr*0*.4S0». 

Fr^my  attributes  the  change  of  the  violet  salts  into  green  by  the  boiling  of  their 
solutions,  to  a  converdon  of  metachromio  oxide  into  ordinary  chromic  oxide ;  this, 
however,  can  scarcely  be  called  an  explanation. 

For  the  behaviour  of  chromic  salts  with  reagents  see  pp.  943.  944. 

Chromites. — Chromic  oxide  unites  with  protoxides,  forming  compounds  of  the  form 
M"O.Cr*0*  or  M"CrK)*,  which  mnv  bo  culled  chromit;P8.  The  InjHt  known  of  these  com- 
pounds is  chrome-iron  ore,  in  which,  however,  part  of  the  chromium  is  usually  replaced 
by  aluminium  and  sometimes  by  iron.  Lime,  magnesia,  and  oxide  of  zinc,  when  they 
exist  in  solution  with  chromium,  are  sometimes  predpitated  by  alkalis,  when,  if  the 
chromium  were  not  present  they  would  remain  dinolved;  thus,  a  solution  of  chroma* 
alum  mixed  with  cnloride  of  caldum  yields  with  ammonia  a  green  predpitat«,  con- 
sisting of  20aO.Cr'0'.  On  the  other  hand,  ba«es  which  would  otherwise  be  pre^ 
dpitated  are  sometimes  retained  in  solution  through  the  medium  of  chromic  oxide ;  this 
is  often  the  case  with  manganous  and  feme  oxi£.  In  presence  of  80  per  cent  fcnie 
oxide^  however,  chromic  oxide  is  completely  predpitated.  These  dfcumstanoea  require 
to  be  carefblly  borne  in  mind  in  analysis. 

Compounds  of  Ckromie  Oxide  with  Ammonia,  (Fr4my,  Ann.  Ch.  Pbaim. 
ex.  226.) — Chromic  hydrate  is  slightly  soluble  in  ammonia,  and«  under  eertsiadreom- 
stanoes,  takes  up  the  elements  of  ammonia,  fbrming  pecoHar  metallic  bains,  dosiignatsd 
by  Fremy  as  amido-ehromium  compounds. 

Chromic  hydrate  which  has  been  subjected  to  the  action  of  boiling  water  doaa  not 
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rpon  unmcmU ;  bat  matachromic  hjdista  (p.  9S0),  in  isoiitaet  wiUi  uuMiiit, 
ne  a  Tiolrt  cobnr,  mi  toraa  tbe  compoimd  contaiimig  ZNH'.CtW,  wtuch  prea 

la  whole  of  ita  ammonia  irhea  heated. 

oiDoniaal  nlta  do  Dot  act  on  raetachnRmc  hjdntt*  fa;  tbenuelm;  but  if  am- 
a  is  likswiM  pnseDt,  the  hydrate  diuolvee.  forming  oompotmda  of  >  bcantifOl 
t  colour,  Thirh  ma;  be  obtained  in  deSuita  form  by  precipitating  with  alcohol  and 
!  drj-ins  in  racno.  The  compoond  formed  with  ammonia  and  chloride  of  ammo- 
dimalTef  in  watar  with  de«p  -riolet-red  colour.  Thp  solution  has  a  Marcfl^ 
plible  alkaline  reaction,  and  does  not  vield  anv  precipitate  with  nitrate  of  aUrei; 
f  it  be  heat«d  to  the  boiling  point,  ammonia  is  giv^n  o£F|  i^hromic  hTdrate  aepa- 
ont,  itnd  the  remaining  liqnid  then  gires  a  copiona  precipitate  with  nitrate  of 
■.  The  ^QCte  of  the  deeompoeition  are  ♦NH'Ci,  8NH',  3CrW,  and  H-O. 
the  solution  of  the  amido-chnuninm  compound  be  left  to  itwlf  for  a  while,  itdecom- 
i.  ammonia  being  erolTed,  ul-ammoniac  being  reprod need,  and  an  insoluble  Tiolet 
being  Ibnned,  which  seporalea  in  ronnd.  transparent,  iridescent  granuiea.  Thii 
likewise  contains  the  elemsnta  of  chromic  oxide  and  ammonia,  it  ia  completely 
npospd  bj  boiling  water,  the  products  of  decompoaition  being  in  the  ratio  ot 
'  1  2NH'  ;  12H"0.  Adda  convert  it  into  a  basic  compound,  Cr*0'.8NH',  called 
o-chromammonia.    With  sulphuric  add  the  reaction  ia: 


■eo-duomanummia  may  likewiM  be  obtained  by  the  action  of  elning  acid*  in  tha 
in  the  loluble  amido-chtominm  compounds  precipiUt«d  bj  alcohol  bom  the  rose- 
red  liquids  wbich  are  produced  by  the  joint  action  of  ammonia  and  ammoninm-aalta 
Btachmmic  hydrate.  The  salts  of  this  base  haTe  neatly  a  wine-red  colour ;  the 
>chlonte  (Tjetalliaes  in  regular  octahedrona,  and  forma  dyatallisable  doable  salts 
mercuric  and  plulinic  chlorides.  Pure  water  decomposes  it  into  two  new  salts, 
lyatiJlising  in  right  rhombic  priams,  the  other  remaining  in  solution.  The  base* 
«e  two  salu  appear  to  differ  from  each  other,  and  likewise  &om  thatof  tbehydio- 
aif  from  which  tlkey  were  produced.     (Frimj.) 

ba*ic  componnd  containing  Cr'(UN9)*.2(NU']*0,  is  obtained,  by  addingadd 
lata  of  potassium  to  fused  sulphocyanate  of  ammonium.  (Moiland,  Cham. 
ia.  J.  xiii.  i5U.)    (See  Soi-rHaciuiATBS.) 

uwnOxiDna  of  Chbomiok.  CHBOKATag  or  Chbokidk.— These namw 
jplird  to  certain  oiidea  intermediate  between  the  seaqui-  and  tri-oiidea  of  cl 

.    They  an  obtained  by  gently  he:  ''"-    »----■---■ ■  -       -■  ■      ■    -■ 

lie  anhydride  witb  alcohol,  solpha 
ly  boiling  a  aolntion  of  chromats  ol 
'  '  romic  oxide  ;  by  beating  chrt 

le  for  some  time,  at  200°  C,  _ 

potassium,  mixed  irith  ammonia  or  with  alcohol,  likewise  deposits  a  brown 
lant  when  exposed  to  sunlight,  bnt  not  in  the  dark. 

«e  brown  compounds,  when  heated,  first  give  off  water,  if  they  are  hydiated,  and 
temperatiuni  are  redneed  to  chromic  oxide ;  they  dissolTs  in  aods,  forming 
'  "'         '  ■  ■  '    -'  ..■...!  without  alteratdon. 

la  sepanta  ehromif 


garded  by  Ertiger  as  a  peroxide  of  chromium,  CrO',  because,  when  healed  with 
inric  and  and  ^orjde  of  sodium,  it  gives  off  only  chlorine  and  no  chiorochromio 
iride,  as  alt  chromatas  do.  A  precipitate  of  tbe  same  compoaitloD  is  formed,  ao- 
[ig  to  Berselius.  on  mixing  nenti&i  solutions  of  chromic  chloride  and  chromate  of 
ainm.  The  precipital*  thrown  down  by  ammonia  from  a  solution  of  chromiB 
ata  mixed  with  acid  chromate  of  potassium,  likewise  gives  off  notJiing  but 
ine  whfn  Blmilarly  treated;  accotding  to  Vogel,  it  is  CiO^il'O.  The  bUdc 
anco  obtsJned  by  heating  chromic  anhydride  to  20<J°  C.  is,  according  to  Traube, 
h1  clirtimiite  of  chromiam,  Cr"0',3CrO'.  It  becomes  soluble  by  boiling  in  water, 
rting  l«  the  water,  first  a  yellowish,  then  a  deep  brown  colour, 
e  precipitate  farmed  on  mixing  the  solutions  of  chrome-Blum  and  neutral  chromata 
■tanBium  has,  when  dried  at  100=  C,  the  composition  3(VO".2CrO".9B«0.  The 
obtained  by  reducing  chromic  anhydride  with  alcohol,  has.  according  to  Traube, 
lame  compuaition.    It  is  inaoluble  in  water;  dissolvea  in  hydrochloric  add  with 
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jfMirWt  in  nitric  and  in  hot  dilate  sulphuric  acid  with  brown  isolonr.  The  solntiooi 
yield  with  ammonia  a  precipitate  of  eeaqniozide,  while  chromic  acid  remains  in  sola* 
tioD.    Potash  qnickly  resolyes  it  into  chromic  oxide  and  chromic  acid. 

Chromic  hydrate  digested  with  excess  of  chromic  acid,  yields  a  daik  brown  solntion, 
which  dries  np  to  a  residue  solnble  in  alcohol,  and  containing,  aocoiding  to  Uans^ 
Cr*0».4Cr«0«,  or  Cr*0».    (Handw.  d.  Chem.  2««  AvfL  il  [2]  1288.)» 

Tbioxidb  ov  Chbokxvm.  Chbokio  Axhtdbidb.  Anhjfdroua  Chrowie 
Acid,  CrO*. — This  oxide  may  be  regarded  as  a  constitncnt  of  the  cfafomaies,  ^bm 
formula  of  a  neutral  chromate  being  M'CrO*,  or  M^O.CrO'.  It  is  obtained  in  the  6b9 
state : 

3.  By  decomposing  triftuoride  of  ckromum  with  a  small  ouatUity  of  waUr, — Tha 
vapour  of  the  trifluoride,  CTolved  by  distilling  chiomate  of  lead  and  flnor  spar  with 
ftiming  sulphuric  acid,  is  passed  into  a  large  platinum  crucible,  sliehtly  moistened  on 
the  inside  and  closed  with  moist  paper.  The  trifluoride  is  then  decomposed  by  the 
aqueous  Tapour,  with  which  the  air  in  the  crucible  is  charged,  into  hydioflnorie  add 
and  beautiful  red  needles  of  chromic  anhydrid^  which  fill  the  crnciUe. 

b.  By  decomposing  a  ckroftuue  with  siuphuric  acid. — Chromic  anhydride  is  easily 
prepared  by  pouring  1  toL  of  a  saturated  solution  of  acid  chromate  of  potassium  in 
a  thin  stream  into  1^  toL  strong  sulphuric  acid,  stirring  all  the  while.  As  the  liquid 
cools,  chromic  anhydride  crystallises  from  it  in  splendid  crimson  needles  often  an 
inch  long.  The  mother-liquor  is  decanted,  and  the  crystals  are  drained  on  a  pocoos 
tile  till  they  are  nearly  dry,  and  then  purified  by  recrystaUisation.  For  many 
purposes  for  which  chromic  acid  is  used,  the  presence  of  a  certain  quanti^of  sulphnrie 
acid  is  not  objectionable,  so  that  the  purification  nu&y  be  dispensed  with. 

BoUey  (Ann.  Ch.  Fhsrm.  Iri.  113)  prepares  chromic  anhydride  by  diasolving  a 
weighed  quantity  of  acid  chromate  of  potassium  in  a  small  quantity  of  boiling  water, 
and  adding  to  tne  hot  solution  the  exact  quantity  of  sulphuric  acid  required  to  form 
acid  sulphate  of  potassium.  The  mixture  when  left  to  cool,  soUdifles  for  the  moat 
part  into  a  red  ^;ranular  mass  consisting  of  acid  sulphate  of  potassium  with  adhering 
chromic  anhydnde.  The  mixture  is  stirred  to  cause  the  granular  mass  to  subside ;  the 
solution  is  decanted ;  and  the  residual  acid  sulphate  is  washed  several  times  with  cold 
water.  There  then  remains  an  orange-coloured  sulphate  of  potassium  with  very  little 
chromic  acid,  the  greater  part  of  that  acid  being  contained  in  the  united  solutiona 
The  separation  thus  efFected  depends  upon  the  circumstance  that  acid  sulphate  of  po- 
tassium, which  dissolves  verv  freely  in  boiling  water  (2  pts.  of  the  saU  to  1  pt  of 
water),  is  but  sparingly  soluble  at  ordinary  temperatures,  aiid  cold  water  removes  sul- 
phuric acid  from  it  with  scarcely  any  potash,  leaving  neutral  sulphate  of  potanium, 
while  the  chromic  add  dissolves  in  the  cold  water.  The  solution  of  chromic  add  con- 
taining only  a  small  quantity  of  add  sulphate  of  potassium  is  then  fbrther  ooncen- 
trated,  and  the  chromic  anhydride  is  predpitated  by  adding  about  an  equal  volume  of 
strong  sulphuric  add,  which  throws  it  down  free  from  any  trace  of  add  sulphate. 

Chromic  anhydride  may  also  be  prepared  by  decomposing  chromate  of  lead  with 
strong  sulphuric  add,  diluting  with  water  after  twenty-four  hours,  to  predpitate  sul- 
phate of  lead,  then  filtering  and  evaporating  to  the  crvstallising  point,  or  by  decompos- 
ing chromate  of  barium  with  strong  nitric  add,  filtering  the  l^uid  fi^om  the  resolting 
nitrate  of  barium,  which  is  insoluble  in  the  strong  acnd,  and  heating  the  filtrate  w 
the  excess  of  nitric  acid  is  expelled,  and  crystallising  as  above. 

Pure  chromic  anhydride  forms  either  a  red  powder,  a  red  loose  woolly  mass,  or 
scarlet  crystals.  It  deliquesces  in  damp  air  and  dissolves  in  a  small  quantity  of  water, 
forming  a  dark  brown  liquid  having  a  sour  astringent  taste  and  ydlow  or  brownish 
yellow  on  dilution.  The  solution  contains  chromic  add,  but  when  evaporated  it  yields 
the  anhydride :  indeed  chromic  acid  is  not  known  in  the  solid  stat& 

Chromic  anhydride  melts  at  190^  C,  and  begins  to  decompose  at  260^,  giving  off 
oxygen  and  leaving  a  brown  oxide  or  chromate  of  chromium,  which,  when  further 
heated,  is  reduced  to  sesquioxide.  Chromic  anhydride  is  a  powerAil  oxidising  agent, 
being  quickly  reduced  to  sesquioxide  of  chromium  by  stdphydrie  add,  smc,  arunitnu 
acid,  tartaric  acid,  sugar,  alcohol,  and  various  other  orgamc  bodies,  eR>edallj  when 
heated.  With  tulphydric  acid  it  forms  water  and  sets  sulphur  free :  2CrO'  +  3H^ 
»  Cr>0*  +  3H<0  +  S*;  with  hydrochloric  acid  it  yields  trichloride  of  chromium, 
water,  and  free  chlorine :  2CrO*  +  12HC1  »  Cr*a*  -f  6HK)  •«-  sa<.  Bulpkwroms 
acid  added  to  a  solution  of  chromic  add  or  a  chromate  throws  down  a  brown 
chromate  of  chromium,  consisting  of  Cr^CCrO*  or  CrO*.  A  few  drops  of  oa- 
hydrous  alcohol  poured  upon  chromic  anhydride  instantly  reduce  it  to  ssaqnioxide, 
the  alcohol  sometimes  taking  fire.    A  nmilar  redaction  attended  with  incaiKJawenca 

•  From  f«e«iit  exMrlments  by  Storer  sod  BUot  (Proe.  Amer.  Aeftd.T.  199),  it«i»|«rAn(  ilut  then 
\h  but  one  daflnite  oxide  of  chromium  intermediate  between  Cr^C  and  CrO>  vis.  Ci  O?  or  Cr^lPXrCP. 
Th«  authori  have  liliewiie  obtained  the  analogoaa  ffmriwimlff,  Al*0*.CrO>,  Ftf>O>.Gr0»«  and  Me«0> 
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iM  when  a  imall  qiuDtitjf  of  the  tnhjdriiie  ii  iotiodiicad  into  ui  >tiiioq>ha« 
d1  npoar.  or  of  al«ohol  or  ether  T^xrar  mixed  with  nilphidg  of  cariMn.  Diy 
a  gat  mddenl;  directed  upon  pahctij  irj  chromic  uuiydride,  nodcn  it  in- 
sist 4iid  conTPTta  it  into  ehnmuc  oxide,  while  nitrogen  UM  aqneou  T^xiiir  an 
t    Aaaeoni  chromic  add  bleuhe*  ngetaUa  oidonn. 

nie  leid  in  the  free  etite  i«  ■ometiniei  >ued  pnetinllj  u  in  oiidtEing  uemt, 
«  freqiiniitl;  &  mixture  of  mtpharic  add  and  ehromate  of  potMnam,  which 

I  oyltillieed  ehromie  muhydride  is  added  to  rtcong  folphniie  add  aa  lon^  as  it 
«.  an  ochrs-jeilow,  peat;,  ret;  hygraeeopic  (tnbetuee  ie  fiimLed,  containing. 
gto6onB7(Anii.  Ch.  PhsTTD.  In.  1 1 S),  H'SO'.CtO'.  When  eipoeed  (o  the 
lickly  turns  red  fiooi  seperation  of  chnmiic  anhydride.  Sehrottsr  [Pugg, 
..  SIS)  oblained  jn  like  maoDsr  a  relluw'brown  ■edimeiil,  which  ha  repnaents 
naUly  bj  the  formoU  (MP.3S0'. 

rnaniiic  Acm.  H'OiJO' -r  H'O.CVO'P— When  peroxide  of  hTdreeeo  dia- 
Q  water  ia  mixed  with  a  aolntioD  of  ehramio  acid,  the  liquid  MmnM  a  deep 
jlae  Mlonr,  bnt  oft«n  loacfl  this  colour  very  rapidly,  giTing  off  oxygen  at  the 
me.  The  same  bine  colour  is  produced  on  adding  a  ndxtnre  of  aqneoni  per- 
r  hydroeen  and  sulphuric  or  hydrochloric  acid  to  add  chiomat*  of  potaanum ; 
I  very  short  time  oxtrcd  is  evolved,  and  ctirome-alnm  ia  left  in  solution.  F"' 
am  of  acid  cbromata  of  potaaaiam.  K'0,2CrO*,  i  at.  of  oxygen  are  otoIth], 
1  an  eicaSB  of  peroxide  of  hydrogen  be  prBsant.  We  mn,  theretbni.  sappoee 
rchromic  seid,  B'tVO',  is  first  formed  by  the  nnian  of  H*0  with  2CrO^  and 
rds  leeolved  irW  nxyf-en  nnd  chromic  hydrate,  H'CrK)'  -  BKt.OrKy  +  0*. 
iher.  perchnnnie  anhydride  forma  a  more  stable  aolnlion  than  with  water.  The 
I  solntion.  which  haa  a  deep  bhte  colour,  may  be  obtained  by  treating  peroxide 
lui  *ith  hydrochloric  or  nitric  add,  pouring  rther  on  the  liquid,  gndualljr  add- 
ilation  of  acid  ehromate  of  potasdnm,  and  agitating.  Ferehromie  add  la  de- 
ad hy  aqueous  alkalis,  with  formation  of  a  cluomate  and  erolntion  of  oxrgen ; 
monia  and  certain  organic  bases  dissolTed  in  ether  and  add»d  to  the  eth^eal 
I  of  the  add,  form  stable  compouads,  &om  which  stronger  adds  «<fianit«  the 
Id.  The  moet  stable  of  theae  componnda  ia  theqninine  ealt,  which  ia  eoloble  in 
insoluble  in  ether,  and  mi^  be  dried  withont  decompodtioEL  (Barreswit, 
rend.  iri.  1085.) 

■ecent  inveatigationa  of  A  a  ehof  (Inaofftiral-DMerlalion  ibtr  die  Vtivrmangan- 
»d  Urbmlmmt&art,  Berlin,  ISSI)  tend  strongly  to  confirm  the  formnla  (>'U' 


3thetical  perchromic  anhTdrida.  He  also  finds  that  when  the  deep  blue  ethereal 
I  of  perctuomie  add  is  aoaken  up  with  each  a  quantity  of  very  dilute  aqaeona 
that  the  ethereal  lay^  shall  still  exhibit  a  ^nt  bine  tint,  the  aqneona,  per- 


eutnl  liquid  below  eibibita  a  peculiar  deep  blniah-nolet  tint,  which  u  tolerably 
but  if  more  potash  be  added,  the  coloni  changes  to  the  light  yellow  of  neotrd 
te  of  potasainm,  while  bubbles  of  oxygen  are  given  oC  Hence  it  appears  that 
c  colour  belongs  to  the  fre«  add,  the  violet  to  its  salts. 

rding  to  Storer  (J.  pr.  Cbem.  l"-«i.  M)  the  colouring  power  of  perchromie 
so  great,  that  when  a  solution  of  1  pt  add  chromite  of  potassium  in  S0,000  to 
pts.  water  is  shaken  up  with  ether  containing  peroxide  of  hydrogen,  tbe  ether 
SB  perceptible  blue  tint;  be  therefore  recommends  this  reaction  aa  a  rery  deli- 
it  for  chromic  add.  Schonbein  (iit'if.  Ixxix.  6S}  applies  it  as  ateattbrpar- 
f hydrogen. 

tOMXnS,  OX  S  U  BXiOKZXIMS  or.  Fonr  of  these  componnda  are  known, 
'which  maybe  regarded  as  componnda  of  sesqoioxide  and  seequicbloride  of  chro- 
snd  tJie  fourth  (the  so-called  cUorocliTomic  aciiJ),  ss  a  compound  of  the  tri- 
B  and  trioiide.  They  may  also  be  regarded  as  derived  from  the  tzichloride  or 
hloride  by  the  substitution  of  oxygen  for  part  of  the  chlorine. 


vpmtndt  of  8tMqiacUorid»  tmd  Sagviaiide  of  Ckromiuni Theae  componnda, 

three  have  been  distinguished,  an  obtained  In  evaponting  the  green  soln- 
the  HfSquichloride,  and  heating  the  residaato  diffarent  tcinperaturca.     By  dry- 


20°  C.  a  leddish  tumefied  mau  is  Utt,  rootuining  lCr*Cl'.(VO'  +  SiH'O,  or 
0"  +  UB'O. 

ying  at  160°  C,  with  constant  atirring,  a  gnyish  i«d  deliqueaoent  powder  is 
1.  consisling  of  SCr'Cl'.Cr'O'  +  SHK)  =  SCr'Cl'O  +  SHK),  or,  according  to 
CrO'a<.3HCl  -I-  H'O.  If  this  compound  be  heatad  to  redness,  it  becomea 
r  insoluble  in  water,  and  the  undisaolTed  portion  consists  of  Cr*Cl*.2Cr^'  or 
'.  It  is  Ereyiah-red  by  daylight,  green  by  lamplight,  like  nential  chromic 
I.  Bjr  prolonged  ignitioD  in  contact  with  the  air,  it  ia  completely  eonvertad 
luioxide.    (Mobstg.) 
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Cauysaminie  acid  ia  a  yellow  powder,  often  light  yellow  or  greeniah  yellow,  asd 
sisting  of  small  ahining  scales.  It  is  spariogly  soluble  in  cold,  more  easily  in  boiliag 
water.  The  solution  has  a  deep  purple  colour,  tastes  bitter,  and  reddens  litmus.  It 
dissolves  easily  in  alcohol  and  etber ;  also  in  nitric  acid  and  in  saline  solutions. 

The  acid  detonates  yiolently  when  subjected  to  diy  distillation,  emitting  a  bright 
but  smoky  flame,  and  diffusing  an  odour  of  bitter  almonds,  tc^ther  with  nitioiia 
vapours.  Heated  in  chlorine  ^as,  it  gives  off  hydrochloric  add.  Boiled  with  oauttiie 
potash^  it  forms  a  brown  solution  from  which  aads  throw  down  a  dark  brown  precipi- 
tate (Schunck's  aioereUe  acid  ;  Mul  ler's  chryaatie  acid),  soluble  in  pure  water,  fonaoing 
soluble  salts  with  the  alkalis  and  earths,  insoluble  with  lead  and  silver.  If  the  potaah 
is  very  strong,  ammonia  is  likewise  evolved.  Chrysammic  add  is  not  attacked  by 
funUnff  nitric  acid  (Schunck).  With  strong  stdphuric  aetd  at  the  boiling  beat,  it 
reacts  violently,  giving  off  copious  red  fumes  containing  carbonic  anhydride,  carbonic 
oxide,  sulphurous  anhydride,  and  nitrous  anhydride.  At  the  same  time  a  dark 
violet-coloured  substance  is  deposited  (Mulder^s  chrtfiodine\  soluble  in  potash  and  re- 
predpitated  by  hydrochloric  aad,  as  a  gelatinous  mass  of  the  same  colour.  This  pro- 
duct appears  to  be  only  a  mixture,  for  ammonia  separates  it  into  a  soluble  ana  an 
Insoluble  portion.  Sulphide  of  potassium  mixed  with  caostic  potash,  transforms 
chzysammic  acid  into  hydrochrysamide :  a  similar  blue  substance  (Dauldet's  chrytindin* 
ammonium)  is  obtained  bv  decomposing  a  warm  ammoniacal  solution  of  chrysammie 
acid  with  sulphuretted  hydrogen.  Ammonia  converts  chrysammic  acid  into  chrysamide. 
The  add  boiled  with  water  and  stannous  chloride^  forms  a  powder  which  has  a  deep 
violet  colour,  is  nearly  insoluble  in  all  solvents  (C**H*N^0^KZSnO',  according  to 
Mulder),  gives  off  ammonia  and  assumes  a  fine  blue  colour  when  treated  with  potash, 
and  is  decomposed  by  nitric  acid,  yielding  aloetic  and  chrysammic  adds. 

The  chrysammates  mostly  crystallise  in  small  scales,  and  exhibit  a  gold-greea 
metallic  lustre  on  the  crystalline  faces ;  those  which  are  amorphous,  exhibit  the  same 
lustre  when  rubbed  with  a  hard  body.  They  detonate  violently  when  heated.  Thej 
are  all  sparingly  soluble,  eren  those  of  the  alkali-metals.  In  solutions  of  acetates  they 
dissolve  more  easily  than  in  water,  but  less  when  heated  than  in  the  cold. 

Chrysammate  of  Ammonium  chang^  rapidly  into  chrysamide. 

(Jhrymmmats  of  Barium,  C'*H'Ba*NH)**+4aq.,  is  obtained  as  a  veRnilion-ooloured 
precipitate  bv  mixing  a  solution  of  the  potassium-salt  with  chloride  of  barium ;  also 
by  prolongecl  boiling  of  chrysammic  acid  with  chloride  of  barium.  It  is  quits 
insoluble  in  water. 

Chrysammate  of  Cadmium  is  a  dark  purple  predpitate. 

Chrysammate  of  Calcium  is  a  dark  red  insoluble  powder,  exhibiting  traces  of  dystal- 
lisatioD. 

Chrysammate  of  Copper,  C^*H'Cu''NK)^*  4-  «a^.,  is  sparingly  soluble  in  cold,  mors 
soluble  in  boiling  water,  from  which  it  separates  m  dark  purple  needles^  exhibiting  a 
golden  lustre  by  reflected  light :  its  solution  has  a  fine  purple  tint. 

Chr^bammate  of  Lead,  C^*B.'Pb'*V*0^'?--Bnck'nd  insoluble  powder,  obtained  by 
precipitation.  According  to  Schunck,  it  gives  by  analysis  84*2  per  cent.  PbO,  the 
tbrmala  requiring  8578.  Mulder  found  in  the  precipitate  formed  with  chrysammate 
of  potassium  and  neutral  acetate  of  lead,  61 '6  per  cent.  PbO,  which  ooiresponds  to  the 
formula  C"H«Pb'N«0'«.Pb'Ta«0«. 

Chrysammate  of  Magnuium  resembles  the  calcium-salt. 

Chrysammate  of  Potassium,  C^HKNK)*,  crystHllises  in  fiat  rhomboi'dal  platea,  iHiich 
exhibit  very  remarkable  relations  to  polarised  light  Light  transmitted  thvoagh  one 
of  them,  exhibits  a  reddish-vellow  colour  and  h^mes  polarised  in  one  plane;  but 
if  the  crystal  be  pressed  with  the  Uade  of  a  knife  on  a  plate  of  glasa,  it  spreads  on 
the  glass  like  an  amalgam,  and  a  beam  of  light,  transmitted  thnrngh  the  thin  flJm 
thus  formed,  splits  into  two  rays  polarised  in  planes  perpendicular  to  each  other,  one 
having  a  carmine-red,  the  other  a  pale  yellow  colour.  As  the  thickness  of  the  film 
increases,  the  colour  of  both  rays  approaches  more  and  more  to  caimine-xed.  Still 
more  remarkable  phenomena  are  exhibited  by  refiected  light.  An  ordinary  ray  of 
white  light  reflected  perpendicularly  from  the  face  of  a  crystel  or  from  a  film,  has  the 
colour  of  virgin-gold,  but  as  the  incidence  becomes  more  obHque,  the  colour  becomes 
less  and  less  yellow,  and  at  length  pai»es  into  pale  blue.  The  beam  thus  reflected  if 
compMed  of  two  rays  oppositely  polarised ;  the  one  which  is  polarised  in  the  plane  of 
reflection  remains  of  a  pale  blue  colour  at  all  angles  of  inddence  ;  the  other,  polarised 
atnright  angles  to  the  plane  of  reflection,  has  a  i»le-yeUow  colour  at  small  incunatioiis, 
then  changes  to  deep  yellow,  ereenish-yellow,  green,  bluish-green,  bhia  and  violet 
(Brewster,  &erAar<2^«  Traiti,  ly.  251.) 

Chrysammate  of  potassium  dissolves  in  1250  pts.  of  cold  water,  easily  in  boilisg 
water ;  the  solution  has  a  fine  red  colour. 

Chrysammate  of  Silver.    Dark  brown  precipitate,  quite  insoluble  in  boiling  wata. 
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tommalt  of  Sodivm  i««embli>e  the  potaasium-wlt  in  appearHnce,  kod  pcMWMl 
le  deflTer  of  RolubilJt;. 

•tnamatt  of  Zme  ci7StsUuel  in  anuUl  dsA  red  necdlea  with  gold-green  ndectian. 
tTSAXXXiXO  AOm.  This  name  «u  giren  b;  Fritiache  to  a  blauh-nd 
vs^  oMaiAed  bj  tLe  action  of  potaflh  npon  indigc  \  according  t4J  Qcrbftrdt 
ir  (TVoi'ti,  iii  £21),  it  ia  nothing  but  A  miitiue  of  iutia,  whit«  indigo,  and 
f  othcz'  prodocta.     (See  Imloo.) 

KTSAWZIZO  AOZS.  CH'NH)'  »  C'H*{MO'}>0  (Cahonri,  Ann.  Cb.  Pb?*. 
rii,  4J*).— This  acid,  which  ii  isomeric  with  tnnitraaiKil,  and  may  aI»o  be  re- 
al methyl-pioric  Kid,  CH'tCH'JCNO'j'O,  ii  produced,  together  with  di-  and  tri- 
sol.  by  the  action  of  warm  fuming  nitric  acid  on  anisic  acid  (p.  300).  When  1  pt. 
rrtl;  dry  aoiiic  acid  is  Tetj  genu;  boiled  for  half  or  three-qnartva  of  an  hour 
I  pis,  of  filming  nitric  acid,  and  theiomewhat  thick  liquid  ismiied  with  20tim«8 
k  of  wal«r.  a  yellow  oil  separatea  out,  which  soon  eoagidatm  into  a  solid  man 
ing  of  cbiysaniBic  acid  mixed  with  di-  and  tri-nitraniBDl.  This  mixture,  in  the 
f  fine  powder,  is  washed  on  a  filter  with  ammonia  diluted  with  two  or  three 
ts  bulk  of  watfr,  whereby  the  acid  is  extracted ;  the  ammouiacal  liquid,  afl^ 
nvporated  to  one-Ihird,  yields  on  cooling  brown  oeedlea  of  the  ammonia-salL 
crystals  are  dissolved  in  water ;  tfae  sotutioa  mixed  witb  dilute  bydrochloric 
the  BHiarated  yellow  flake*  are  collected  on  a  Qlt«r,  repeatedly  washed  with  cold 
dried  between  bibulous  paper,  and  disnolved  in  hot  alcohol ;  and  tbe  scales 
dystallise  from  the  Bolntion  on  cooling  are  dried. 

fsanisia  acid  forms  small  goldeo-yellow  rhombic  tables,  nearly  insoluble  in  cold 
spariogl*  soluble  in  hot  water,  whence  it  crystallises  on  cooling.  It  is  but  slightly 
I  la  cold  alcohol,  but  dissolves  ao  abundantly  in  bot  alcohol,  that  the  liquid 
es  on  cooling.  It  dissolrca  in  ether,  eepedallj  if  bot,  and  ciystallisee  in  shining 
e  as  the  ether  evqioiates.  The  add  malts  when  cautiously  heated,  and  solidifiel 
crystalline  form  on  cooling;  at  a  stronger  heat,  it  emits  a  yellow  vapour  which 
ises  in  small  ciystalline  scales  having  s  strong  lustre. 

sn  boiled  with  strong  nitric  acid,  it  is  concerted  into  picric  add.  Distilled  witb 
IS  chloride  of  lime,  it  yields  chloropicrin.  By  boihug  witb  potash,  it  is  cou- 
into  a  bnwn  snbetance. 

rrataU  of  Ammonium. — The  solution  of  tbe  add  in  dilute  ammonia,  sraporated 
wat«r-fa*th,  yidds  on  cooling,  small  brown  needles  having  a  stroog  lostn-. 
cryitsJs  are  obtained  by  spontaneous  evaporation  of  the  salDtdon. 
yioHuali  of  iUoHiUTR.  C'H'K(NO')H],  is  obtained  b;  exactly  satnrating  tbe  add 
•otash.    It  is  very  soluble. 

I  ammonium-salt  produres  in  solutions  of  nnf-salts.  a  pale  yellow  precipitate;  with 
B  of  Cohalt,  a  greenish  yellow  getatinous  predpitnte ;  with  nitrate  of  had,  a 
a  deposit  of  chrome-vdlow  flakes  ;  with  ferric  lalts,  a  pale  yellow ;  with  ckprit 
a  greenish  yeUow,  gelatinous  precipitate ;  and  witb  m^ewie  ciioride,  yellowish- 
ikea,  which  in  dilute  solutions  appear  aft^r  a  time  only. 

ytaniiatt  of  Silver,  C^'-Ag(SO'yO.  — The  ammonium-salt  forms  with  nitrat* 
rer,  beantiAU  yellow  flakes,  which  most  be  washed  with  wat«r  and  dried  in 

of  BM,  C?H'((?H'){NO")'0,  is  obtained  by  ss 

jnd  with  dry  hydrochloric  acid  gas,  gently  boilii 

ft.    Tbe  resultmg  precipitate  is  washed,  first  w 
ith  pure  water,  then  dissolved  in  boiling  alcohol,  and  tbe  solntiou  is  left  to  coul 
ns  transparent  cryslalline  lamiiKe  of  a  splendid  golden-yellow  colour,  melting  al 
100°  C.     It  is  soluble  in  worm  etArr. 

mrSAWTSBBKinK  amaWTUX.  The  Bsh  of  this  plant  has  been  analysc<i 
ngert  (J.  pr.  Chem.  In.  Bfi). —The  fresh  plant  yielded  lOl  percent.,  the  planl 
at  100°  C,  8-SS  per  cent,  ash  (63-3  per  cent  of  which  was  soluble  in  water).  Thi 
intained  in  100  pts. :  34'8S  SXt,  S-21  Ha*0,  11-08  CaO,  6-96  MgO,  trace  ol 
mem,  l-II  80*,  12-3S  CO',  SISPK)*,  4'S8  SiO',  16-10  NaCl,  with  3-06  sand  ani 
ml 

atTBA^MZO  AOOt.  (Mnlder,  J.  pr.  Chem.  zlviii.  16.)  Ahentie  acid 
mck,  Ann.  Cb.  Pbarm.  Iv.  210.)— An  add  produced  by  heating  cbiysammii 
rith  alkalis.  Cbtysammic  add  boated  witb  potaah-ley  diaaolTes,  forming  a  browi 
an,  from  which,  according  to  Mulder,  acetic  add  iota  not  predpitate  anythina 
ling  to  Sehunck,  howerer,  a  brown  predpitats  is  obtained.  The  solution  of  t£i 
lium-salt  yields  with  acetate  of  leaii.  »  limwr  prm'nitil-p  oinUiiiinp;,  nccordinf 
DDJonn's  analysis,  Sa  71  per  csnL  PbO,  19-08  C,  078  H,  and  SSI  S.  Wit] 
de  (^  bariom,  a  precipitate  is  formed,  eontuning  >0'8D  per  cent.  BaO,  28-08  C 
83H.     (Schnnk.)     These  analyses  do  not  lend  lo  any  satisfactory  fbnnnla. 


956  CHRYSAMMIC  ACID. 

GhiyBaminie  acid  is  s  yellow  powder,  often  light  yellow  or  greenish  jellow,  aad  ea 
siBting  of  small  shining  scales.  It  is  spazinglj  soluble  in  cold,  more  easily  in  boiling 
water.  The  solution  has  a  deep  purple  colour,  tastes  bitter,  and  reddens  litmus.  It 
dissolres  easily  in  alcohol  and  edier ;  also  in  nitric  acid  and  in  saline  solutions. 

The  acid  detonates  violently  when  subjected  to  diy  distillation,  emitting  a  bright 
but  smoky  flame,  and  difluring  an  odour  of  bitter  almonds,  together  with  nitroua 
vapours.  Heated  in  eklortne  qas^  it  gives  off  hydrochloric  add.  Boiled  with  causUc 
potash^  it  forms  a  brown  solution  firom  which  acids  throw  down  a  dark  brown  precipi- 
t«te  (Schunck's  aloeretie  acid  ;  Mul  ler^s  chrytaiie  add),  soluble  in  pun  water,  forming 
Boluue  salts  with  the  alkalis  and  earths,  insoluble  with  lead  and  siWer.  If  the  pota»h 
is  very  strong,  ammonia  is  likewise  evolved.  Ghiysammic  acid  is  not  attacked  bj 
fuming  nitric  acid  (SchunckV  With  strong  tuiphuHc  aetd  at  the  boiling  heat,  it 
reacts  violently,  giving  off  copious  red  fumes  containing  carbonic  anhydride,  carbonic 
oxide,  sulphurous  anfydride,  and  nitrous  anhydride.  At  the  same  time  a  dark 
violet-coloured  substance  is  de^sited  (Mulder*s  chryiodine),  soluble  in  potash  and  re- 
precipitated  by  hydrochloric  aad,  as  a  gelatinous  mass  of  the  same  colour.  This  pro- 
duct appears  to  be  only  a  mixture,  for  ammonia  separates  it  into  a  soluble  ana  an 
insoluble  portion.  Sulphide  of  potassium  mixed  with  caustic  potash,  transforms 
chrysammic  acid  into  hvdrochiyBamide :  a  similar  blue  substance  (Mulder^s  chryaindfn' 
ammonium)  is  obtained  bv  decomposing  a  warm  ammoniacal  solution  of  chrysammic 
acid  with  sulphuretted  hydrogen.  Ammonia  converts  chiysammic  acid  into  chrysamide. 
The  acid  boiled  with  water  and  stannous  chloridf,  forms  a  powder  which  has  a  deep 
violet  colour,  is  nearly  insoluble  in  all  solvents  (C"H*N*O^KZ8nO',  according  to 
Mulder),  gives  off  ammonia  and  assumes  a  fine  blue  colour  when  treated  with  potaah, 
and  is  decomposed  by  nitric  acid,  yielding  aloetic  and  chrysammic  adds. 

The  chrysammates  mostly  crystallise  in  small  scales,  and  exhibit  a  gold-green 
metallic  lustre  on  the  crystalline  faces ;  those  which  are  amorphous,  exhibit  the  same 
lustre  when  rubbed  with  a  hard  body.  They  detomite  violently  when  heated.  They 
are  all  sparingly  soluble,  even  those  of  the  alLdi-metala.  In  solutions  of  aeetatea  thej 
dissolve  more  easily  than  in  water,  but  less  when  heated  than  in  the  eold. 

CkrysamTnate  of  Ammonium  ehanm  rapidly  into  chrysamide. 

Uhrymmmate  of  Barium,  C'*H'Ba^K>**+ iaq.,  Is  obtained  as  a  vermilion-coloured 
precipitate  by  mixing  a  solution  of  the  potassium-salt  with  chloride  of  barium ;  also 
by  polongei  boiling  of  chrysammic  add  with  chloride  of  barium.  It  is  quita 
insoluble  in  water. 

Chrysammats  qf  Cadmium  is  a  dark  purple  predpitate. 

Chrysammats  of  Calcium  is  a  dark  red  insoluble  powder,  exhibiting  traces  of  crystal- 
lisation. 

Chrysammate  of  Copper,  C"H'Cu''N*0''  4-  jcaq.,  is  sparingly  soluble  in  eold,  mors 
soluble  in  boiling  water,  from  which  it  separates  in  dark  purple  needles,  exhibiting  a 
golden  lustre  by  reflected  light :  its  solution  has  a  flne  purple  tint. 

Chr^hammate  0/ learf,  C»«H«Pb'T?*0'«  ?— Brick-red  insoluble  powder,  obtained  by 
precipitation.  According  to  Schunck,  it  gives  by  analysis  84*2  per  cent.  PbO,  the 
formula  requiring  36*78.  Mulder  found  in  the  precipitate  formed  with  chrysammate 
of  potassium  and  neutral  acetate  of  lead,  61*6  per  cent.  PbO,  which  corresponds  to  the 
forrauU  C>«H«Pb''N*0".Pb''H»0«. 

Chrysammate  of  Magnesium  resembles  the  calcium-salt. 

Chrysammate  of  Potassium,  C'HKNK)*,  crystallises  in  flat  rhomboidal  plates,  which 
exhibit  very  remarkable  relations  to  polarised  light  Light  transmittea  throogh  one 
of  them,  exhibits  a  reddish-vdlow  colour  and  b^mes  polarised  in  one  plane ;  but 
if  the  crystal  be  pressed  with  the  blade  of  a  knife  on  a  plate  of  glass,  it  spreads  on 
the  glass  like  an  amalgam,-  and  a  beam  of  light,  transmitted  through  the  thin  film 
thus  formed,  splits  into  two  rays  polarised  in  planes  perpendicular  to  each  other,  one 
having  a  carmine-red,  the  other  a  pale  yeUow  colour.  As  the  thidcness  of  the  film 
increases,  the  colour  of  both  rays  approaches  more  and  more  to  carmine-red.  Btill 
more  remarkable  phenomena  are  exhibited  by  reflected  light  An  ordinary  ray  of 
white  light  reflected  perpendicidarly  from  the  face  of  a  crys^  or  from  a  film,  has  the 
colour  of  virgin-gold,  but  as  the  inddence  becomes  more  oblique,  the  colour  beoomee 
less  and  less  yellow,  and  at  length  passes  into  pale  blue.  The  boun  thus  reflected  is 
composed  of  two  rays  oppositely  polarised ;  the  one  which  is  polarised  in  Uie  plane  of 
reflection  remains  of  a  pale  blue  colour  at  all  angles  of  inddence ;  the  other,  polarised 
at^ight  angles  to  the  plane  of  reflection,  has  a  jMile-yeUow  colour  at  small  incunations, 
then  changes  to  deep  yellow,  ereenish-yellow,  green,  bluish-green,  Uue  and  vioJet 
(Brewster, &erAar(2fs  Traiti,  it.  251.) 

Chrysammate  of  potassium  dissolves  in  1250  pts.  of  cold  water,  easity  in  boiling 
water;  the  solution  has  a  flne  red  colour. 

Chrysammate  of  SUver.    Dark  brown  predpitate,  quite  insoluble  in  boiling  water 


CHRTSAKIUC  ACID  —  CHRTSATEIC  ACID.         M; 

e  d«gi«r  of  aolubilitj, 
<am.maU  of  Zme  isfjitaUisesmimalldaA  ndoeedlMwitligoId'^reeiiTdlecIdoD. 
■W%MJnittO  AOZ9>  Tbu  DUDC  «M  given  by  FritiBche  to  a  Uniah-red 
n  obtained  by  the  action  of  potaah  npon  indigo ;  according  to  Oerhardt 

■  (7>tti(i,  iiL  62L),  it  is  uotliing  but  a  mixture  of  iiatiii,  white  indigo,  and 
irther  prodncta.     (See  Ikdioo,) 

ITBAWZSXO  AdS.  CH'H^)'  -  CH^NO-JK)  (Cahonre,  Ann.  Ch.  Phya. 
ii.  tS4). — This  acid,  which  ie  ieomeiic  vith  truiitraiiiBol,  and  nia;r  alao  be  re- 
al methyl-pigrie  acii  CHtCH'^NO")'©,  i»  pnidaced,  togctlira  with  di-  andtri. 
ol,  by  the  astion  of  warm  fuming  nitric  acid  on  anisic  acid  (p.  300),  When  1  pt. 
ctlj  dry  anisic  acid  is  Tery  gently  boiled  for  half  or  three-qnartera  of  an  hour 
pta.  of  fuming  nitric  acid,  and  the  somewhat  thick  liquid  is  mixed  with  SO  times 
of  water,  a  yellow  oil  separates  out,  which  soon  coagulatea  into  a  solid  mass 
ng  of  chryaanisic  acid  miied  with  di-  and  tri-nitraniaoL  This  miiture,  in  the 
fine  powder,  is  washed  on  a  Alter  with  ammonia  dilated  with  two  or  three 

■  bulk  of  water,  whereby  the  acid  ia  extracted ;  Che  ammoniacal  liquid,  after 
Taporated  to  one-third,  yields  on  cooling  brawn  needle*  of  the  ammonis-sslt. 
^stals  are  diasolred  in  water;  the  aolutian  mixed  with  dilute  hydrochloric 
he  eeparated  yellow  flakw  are  collected  od  a  fllter,  repeatedly  washed  with  cold 
dried  between  bibolona  paper,  and  dissolied  in  hot  alcohol ;  and  the  scales 
Tystoltise  &iim  the  solution  on  cooling  are  dried. 

sanisic  acid  forms  smalt  golden-yellow  rhombic  tables,  nearly  insoluble  in  cold 
iparingly  aolable  in  hot  water,  whence  it  erystullisea  on  cooling.    It  is  but  slightly 

in  ctud  alcohol,  but  dissolTee  so  abundantly  in  hot  alcohol,  that  the  hquid 
a  on  eooliiig.    It  disaolrca  in  ether,  especially  if  hot,  and  crystallises  in  shining 

*t  the  ether  evaporBtes.  The  acid  melts  when  cautiously  heited,  and  solidifies 
:ryBtalline  form  on  cooling;  at  a  sti«nger  heat,  it  emits  a  yellow  vapour  which 
sea  in  small  crystalline  sotleB  baring  a  strong  lustre. 

n  boiled  with  strong  oitric  add  it  is  com  erted  into  picric  add.  DistiUed  with 
9  chloride  of  lime,  it  yields  chloropicrin.  By  boihug  with  polaeh,  it  is  con- 
into  a  brown  substance. 

'tanitat)  of  Ammimiuai. — The  solution  of  the  aoid  in  dilate  ammonia,  erapotated 
le  water-bath,  yields  on  cooling,  small  brown  needles  having  a  stronfi  lustn-. 
rystals  are  obtained  by  spaDtaneoiis  evsporstiDti  of  the  eolation. 
fianitati  of  Potauimii,  C'H<K(NO')'0,  is  obtained  by  exactly  aatontitig  the  add 
ilash.    It  is  very  soluble, 
ammoninm-sslt  produces  in  solutions  of  rinivsalta,  a  pale  yellow  precipitate ;  with 

of  eoh/dt,  a  greenish  yellow  gelatinous  precipitate ;  with  nittute  of  had,  % 
I  deposit  of  chrome-yellow  flakes ;  with  ferrie  salra,  a  pale  yellow ;  with  cnpric 
,  greenish  yellow,  gelatinous  precipitate  ;  and  with  mercuric  cktoridt,  yellowish- 
kes,  which  in  dilate  solutions  appear  after  a  time  only. 

Itanitata  of  SUver,  C'H*Ag(NO')*0.  —  The  ammonium-salt  forms  with  nitrate 
sr,  beautifol  yellow  flakes,  whidi  most  be  waahed  with  vatec  and  dried  in 

mmitatt  ^  Elivl,  (7H<(C^')(N0'))(},  is  obtained  by  saturating  the  aleobotic 
a  of  the  add  with  dry  hydrochloric  acid  gas,  sently  Miiling  for  some  time,  and 
[ding  water.  The  reaidtjiig  precipitate  is  washed,  first  with  ammoniacal,  after- 
wilh  pure  water,  then  dissolved  in  Iniling  alcohol,  and  the  solution  is  left  to  cool. 
IS  transparent  crystalline  laminse  of  a  splendid  golden-yellow  colour,  melting  at 
100°  C.    It  is  soluble  in  waim  tthfr. 

KTSAnSBBCITHC  SaOSTITK.  The  ash  of  this  plant  has  been  auatysed 
igert(J.  pr.  Chem.  Ixx.  86).— The&esh  plant  yielded  1-61  percent,  the  plant 
t  100°  C,  8-62  per  cent,  ash  (63*3  per  cent  of  which  was  soluble  in  water).  The 
ataioed  in  100  pla. :  21-SS  EK),  B-21  Na<0,  UOS  CaO,  S'96  UgO,  trace  of 
Qrae,  6-11  80',  12'36  C0>,  B-16  PK)*,  4-SS  SiO',  16'10  NaCI,  with  306  sand  and 
d. 

KTBATaXO  AOXS.  (Mulder,  J.  pr.  Chem.  ilviii.  IB.)  Aloerttie  acid. 
nek,  Ann.  Ch.  Pharm.  It.  240.) — An  add  produced  by  heating  chrysammic 
Lth  alkalis.  Chrysammic  add  heated  with  potash-ley  dissolves,  fenning  a  brown 
n.  from  which,  according  to  Holder,  acetio  adid  does  not  predpitate  anything; 
ing  to  Schnnck,  however,  a  brown  predpitate  is  obtained.  The  solution  of  th« 
iuro-ealt  yields  with  seetste  of  lead,  h  bmwn  precinitnte  containing,  according 
iDingen's  analyaU,  A8'71  fer  cent  PbO,  19-OS  C,  O'TS  H,  and  S'61  H.  With 
a  of  barium,  a  precipitate  is  formed,  containing  SO-80  per  cent  BaO,  S8'03  C, 
12  H.    (Sehnnk.)    These  analyses  do  not  Isad  t«  any  satisfactory  formola. 


958  CHRYSENE  —  CHRYSOPHANIC  ACID. 


I,  nCm\  (Laurent,  Ann.  Cb.  Phj&  [2]  lxvi.136.)— AcrTStilliiif 
hydrocarbon  obtained,  together  with  ji;^eh«,  by  the  dry  distillation  of  ikta,  resiiu,  and 
coal :  it  may  be  extracted  from  coal-tar  by  ledutiUation.  The  products  which  pass  orer 
towards  the  end  of  the  process,  consist  of  a  soft  yellow  or  reddish  mass,  and  a  thick 
oQ  containing  crystalline  scales.  That  which  condenses  in  the  neck  of  the  retort  is 
chiefly  cbiysene,  the  pyrene  psssing  for  the  most  part  into  the  receiver.  By  treating 
the  mass  in  the  neck  of  the  retort  with  ether,  the  pyrene  and  certain  oily  matters  U9 
dtssolved  out,  while  the  chrysene  remains  in  the  pulverulent  state. 

Pure  chtysene  has  a  fine  yellow  colour ;  it  is  ciystalline,  destitute  of  taste  and  odour, 
insoluble  in  water  and  alcohol,  nearly  insoluble  in  ether :  oil  of  tuipentine  dissolves  it 
at  the  boiling  heat,  and  deposits  it  on  cooling  in  yellow  crystalline  flakes.  It  melts 
at  230° — 236°  C,  and  solidifies  on  cooling  to  a  deep  yellow  mass  composed  of  seedl«A 
At  a  higher  temperature,  it  distils  with  slight  alteration. 

Nitroehrysene,  nCH^(KO'),  produced  by  the  action  of  strong  boiling  nitric  acid  oo 
chiysene,  is  a  red  p»jwder,  destitute  of  taste  and  odour,  insoluble  in  water,  nearlj 
insoluble  in  alcohol  and  ether.  It  is  dissolved  with  brown  colour  by  sulphuric  add, 
partially  also  by  alcoholic  ^tash.  When  quickly  heated  in  a  closed  tube,  it  melt* 
and  decomposes  with  explosion. 

CB&TSZVDOr.  A  product  of  the  decomposition  of  chrysammie  acid  by  am 
monia.    (Mulder,  p.  966.) 

CSXTBOBSKTXte  Cymophan€f  ChrpM>jjaf. — Ai«  alumiuate  of  glucinum,  A1'G^0^ 
or  OrO.  A'O*,  generally  containing  2  or  3  per  cent,  of  iron.  It  .is  usually  found  in  round 
pieces  about  the  sise  of  a  pea,  but  sometimes  in  eight-sided  prisms  with  aix-sideci 
summits,  belonging  to  the  truuetric  system.  Spedflc  gravity  3*6 — 3'7.  Hardness  B'5. 
Lustre  vitreous.  Colour  various  shades  of  green.  Stnak  uncoloured.  Transparent  or 
translucent,  sometimes  with  bluish  opalesoenoe  internally.  Fracture  oonchoidal^  uneven. 
It  exhibits  double  refraction,  and  becomes  electric  by  friction.  It  is  infiunbls  aloos 
before  the  blowpipe^  and  very  difficult  to  fuse  with  borax  or  phosphorus-aalt.  With 
carV>nate  of  sodium,  the  sui&ee  is  merely  rendered  dulL  It  is  not  acted  upon  by  adds. 

Chrysoberyl  is  found  in  Brasil  and  Ceylon,  in  rolled  pebbles,  in  the  alluvial  deposit 
of  rivers ;  and  in  mnite  at  Haddaw,  Connecticut,  Ghreenfield,  near  8azatogi^  ^ew 
York,  and  Orange  Summit,  Vermont.  When  transparent  and  of  snfficie&t  nxb,  it  is 
cut  into  facets  and  forms  a  gem. 

Crptals  of  chrysobeiyl  have  been  formed  artificially  by  exposing  a  miztve  d 
alumina  and  glucina  in  the  proper  proportion,  together  with  boruic  Mid  aa  a  flux,  to 
the  heat  of  d  pottery  furnace  for  several  days,  tiU  the  borade  add  is  completely  vola- 
tilised (Ebelmen,  Ann.  Ch.  Fhys.  [3]  xxil  211;  xxxiiL  34).  [For  the  ojstallins 
form  of  the  artifidal  chiysoberyl,  see  Jahresber.  d.  Ohem.  1861,  p.  766.] 

A  variety  of  chrvsoberyl  called  Alextmdrite,  from  the  Ural,  exhibits  pleoefazoisoi, 
via.  by  perfectly  white  light,  an  orange-yellow  colour  in  the  direction  of  the  longer 
diagonal  of  the  base,  colombo-red  along  the  shorter  '^*^'*"«^^t  and  emerald-green  along 
the  prindpal  axis.    (Haidinger,  Fogg.  Ann.  Ixxvii,  228.) 

CBMTBOOOlAAm  The  Greek  name  for  borax.  Applied  also  to  ailicata  of  eopper. 
traOBASanMB.    Syn.  with  NmoKABicAun  (q.  v.) 

ITBOIBXV.  C^'H)*  ? — ^A  yellow  colouring  matter  said  to  exist  in  very  small 
quantity  in  asparagus-berries. 

OXBTBO&aPIO  ACXO.    Syn.  with  FiCBio  Acn>. 

CHXTSOIiZTa.  P&ridote,  (Hivin.  —  A  silicate  of  magnedum  and  iron,  (Mg  ;Fe)* 
SiO*,  occurring  in  basalt  and  lavas,  in  prismatic  crvstals  of  the  trimetric  system,  also 
maadve  and  compact  or  granular ;  colour  olive  and  other  ahades  of  gn&t  -  ^e  term 
Chrysolite  includes  the  transparent  crystals  of  paler  colour,  while  Olivine  (so-called 
horn  the  olive-green  tint)  is  applied  to  imbedded  masses  or  grains  of  inferior  colour 
and  deamess.    (See  Olivxnb.) 

CWTBOMBabAVa.    Syn.  with  Flbohaat. 

OKSraOPAX.    Syn.  with  Ckbtsobbbtl 

OBltTBOVBAMa.     See  Cuntonitb. 

OBmTSOnAJrZO  AOm.  Ckryiophmey  RkubarbaHeaeid,  Bkiibarbarm^  RAt^ 
barlhyeUow,  Skein,  Rkeie  aeid,  Rheumin,  Rhapontiein,  Rumiein,  C'EK)*,  or  C*H**0'. 
The  yellow  colouring  prindple  of  rhubarb  and  of  the  wall  lichen  {Parmtlia  parietiiuiy. 
It  was  firrt  obtained  in  an  impure  state  by  Herberger,  Dulk,  and  Bnuides,  afterwaids 
analysed  by  Bochleder  and  fieldt  (Ann.  Ch.  Fhazm.  xlviii  12),  who  eztxacted  the 
pure  substance  from  the  Farmelia;  also  by  Doppink  and  Schlossberger  («ML  L 
216),  by  De  La  Bus  and  MfiUer  (Chem.  Soc  Qu.  J.  x.  298)  aad  \j  Thann  (An& 
Ch.  Fharm.  erii  324^  who  obtained  it  fkom  ihnbarbk 

iVfparo^tM  fnm  Pamtelis  parietima, — The  dried  lichen  is  digested  IB  the  eold 


CHRYSOrHANIC  ACID.  959 

with  aleoholie  potash  or  ammonia ;  the  dark  red  inftisioii  is  filtered  and  mixed  with 
acetic  acid ;  the  bulkj  yellow  flocks  thereby  precipitated  are  washed  with  water  and 
redissolyed  in  alcoholic  potash,  a  certain  quantity  of  resin  then  remaining  undissolyed ; 
the  liquid  is  again  precipitated  by  hydrochloric  acid ;  and  the  precipitate,  after  wash- 
ing and  drying,  is  redissolyed  in  a  small  quantity  of  boiling  absolute  alcohoL  The 
Bomtion  then  deposits  chrysophanic  acid  in  the  crystallised  state. 

From  Rhubarb. — Dulk  prepared  chrysophanic  acid  from  rhubarb  by  exhausting  the 
root  with  alcoholic  ammonia,  precipitating  with  subacetate  of  lead,  and  decomposing 
the  precipitate,  suspended  in  alcohol,  with  sulphuretted  hydrogen.  Schlossberger  and 
Dopping  exhaust  the  pulyerised  rhubarb  with  80  per  cent  alcohol ;  eyaporate ;  redis- 
•olre  in  a  small  quantity  of  alcohol ;  add  ether  to  the  solution  to  precipitate  certain 
resinous  matters ;  eyaporate  the  filtered  solution  to  the  crystallising  point ;  and  purify 
the  chr)'sophanic  acid  thus  obtained  by  repeated  crystallisation  from  boiling  abfiolute 
alcohol 

De  la  Rue  and  Miiller  find  that  chrysophanic 'acid  may  be  extracted  from  rhubarb 
with  much  greater  facility  by  means  of  benzene  or  the  light  hydrocarbons  obtained 
from  Burmese  naphtha,  these  liquids  dissolying  it  yeiy  readilj,  to  the  exclusion  of  the 
greater  part  of  the  other  constituents.  The  crushed  root  is  first  macerated  in  waCter, 
which  remoyes  about  60  per  cent,  of  soluble  matter,  then  dried  and  treated  with 
benaene  in  a  Mohr^s  displacement  apparatus ;  the  greater  part  of  the  benzene  is  then 
distilled  off;  the  residue,  which  becomes  nearly  solid  on  cooling,  is  pesscd  between 
blotting  paper  to  remoye  the  mother-liquor  which  contains  erythroretm  and  a  neutral 
fill ;  the  crude  chiysophanic  acid  thus  obtained  is  redissolyea  in  hot  benzene,  which 
leaves  behind  a  reddish-yellow  substance  (€7nod%n\  an  additional  quantity  of  which 
■eparates  as  the  solution  cools ;  and  the  chrysophanic  acid,  which  afterwards  crystallises 
out^  is  farther  purified  by  recrystallisation  frt)m  acetic  acid,  amylic  alcohol,  or  common 
alcohol.  The  residuary  rhubarb,  thrown  away  in  pharmaceutiod  laboratories  after  the 
preparation  of  the  ordinary  alcoholic  tincture,  may  be  adyantageously  used  for  the  pre- 
paration of  chrysophanic  acid  by  this  process,  inasmuch  as  it  contains  about  2*6  per 
cent  of  that  acid,  which  is  but  slightly  soluble  in  alcohol,  especially  in  the  weak  spirit 
used  in  the  preparation  of  the  tincture.  The  dark  coloured  resinous  sediment  which 
separates  from  Tinetura  Rhei  when  left  to  itself^  is  also  rich  in  chrysophanic  add,  and 
m^  be  subjected  to  the  same  treatment 

Thann  extracts  the  root  of  Rumcx  obtusi/olius  with  ether ;  distils  off  the  greater  part 
of  the  liquid ;  washes  the  dark  yellow-brown  mass  which  separates  on  cooling  with  a 
small  quantity  of  ether ;  dries  it  between  bibulous  paper ;  boik  the  residue  with  90 
per  cent  alconol ;  dissolyes  the  dirty  green  granular  mass  which  separates  on  cooling 
with  alcohol  and  precipitates  by  water,  repeating  the  solution  and  precipitation  seyend 
times ;  purifies  the  product  by  treatment  with  alcoholic  ammonia  and  acetic  acid,  as  in 
Bochleder  and  Heldt's  process ;  then  crystallises  it  frt>m  alcohol,  and  lastly  from  ether 
by  slow  eyaporation. 

Chrysophanic  acid  crystallises  from  benzene  in  six-sided  tables  (monoch'nic),  haying 
a  pale  yellow  or  orange-yellow  colour ;  from  alcohol,  amyl-alcohol,  or  glacial  acetic 
acid,  in  moss-like  aggregates  of  laminar  crystals.  It  is  sparingly  soluble  in  cold  water  ; 
dissolves  in  224  pts.  of  boiling  alcohol  of  86  per  cent. ;  in  1125  pts.  of  the  same  alcohol 
at  30^  C.  It  is  soluble  also  in  ether  and  in  oil  of  turpentine,  coal-naphtha,  benzene,  and 
other  hydrocarbons  (vid.  sup.)  It  melts  without  decomposition  at  162^  C.  and  soli- 
difies in  the  crystalline  form  on  cooling. 

The  formula  of  chrysophanic  acid  is  not  quite  settled.  The  analyses  by  Bochleder 
and  Heldt,  and  by  Schlossberger  and  Dopping,  approach  nearly  to  the  formula 
C'^HH)*,  while  those  by  Be  la  Rue  and  Miiller,  and  by  Thann,  agree  better  with 

Calmlatkm,     Bochleder      Schlottberger      De  la  Rue 
CioH^O*       and  Heldt.      and  Dipping,     and  MUUer. 

Oarbon   .      .  6818  68*03  6812  6876 

Hydrogen      .     4*56  457  4*69  4*25 

Oxygen.        .  27*27 


f»  »f  »i 


Calculation, 

Thann. 

CM  H«00* 

6962 

69-42 

4-39 

413 

1) 

26-46 

100-00  100-00 

Chrysophanic  acid  subjected  to  dry  distillation,  partly  sublimes,  while  another  por- 
tion becomes  carbonised.  Dilute  nitric  acid  does  not  appear  to  act  upon  it,  even  at 
the  boiling  heat,  but  the  strong  acid  converts  it  into  a  red  substance.  Strong  sulphuric 
add  dissolves  without  decomposing  it,  and  water  precipitates  it  from  the  solution. 

The  acid  dissolves  in  alkalis  with  fine  deep  purple  colour:  the  reaction  is  very  deli- 
cate, 80  that  a  dilute  solution  of  chrysophanic  acid  may  be  used  as  a  test  for  alkalis. 
Its  solution  in  potash  may  be  evaporated  to  dryness  without  alteration  ;  but  at  a  certain 
degree  of  concentration,  it  deposits  blue  or  yiolet  fiocks,  which  redissolve  in  water  or 
^i^^rAAi,  fonniiig  red  solutions.    If  the  purple  solution  of  the  add  in  moderately  strong 
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potaah,  togetiher  with  the  floccolent  precipitate^  be  mixed  with  grape  ngtf  and  M  to 
vtand  in  a  dosed  TesBel,  the  alkali  being  in  ezoessi  the  colour  c?  toe  liquid  gradually 
chan^  to  brownish -yellow,  and  the  precipitate  disappears :  on  sabseqnent  ezposore  tx> 
the  air,  the  original  ookmr  and  the  precipitate  are  reproduced.  Hydntte  of  potassium 
at  its  melting  point  does  not  act  on  chrysophanic  add  at  first ;  bat  if  the  heat  be  con« 
tinned  or  incTMsed,  the  liqnid  turns  blue  and  deeomposes,  emitting  an  odour  like  that 
of  octylie  alcohol    (De  la  Rue  and  Muller.) 

With  baryta  and  oxide  of  lead,  chrysophanic  add  forms  veiy  unstable  compounds, 
which  are  dscomposed  even  by  the  carbonic  acid  in  the  air.  Its  alcoholic  solutioo 
forma  with  alcoholic  subacetate  of  lead,  a  reddish-white  predpitate,  which  changes  to 
rose-red  by  boiling  with  water ;  no  predpitate  with  ueutral  acetate  of  lead.  The  am> 
moniaeal  solution  of  chrysophanic  acid  yields  with  neutral  acetate  of  lead,  a  lilac ;  with 
alum,  a  beautiAd  rose-coloured  predpitate.    (Thann.) 

VMMTMOWM  ik  WMm  An  apple-green  or  leek-green  variety  of  chalcedony,  ooloured 
by  nickeL 

OMMTmOWMAMM  MAMTWL    See  PxiOLnil. 

OHXTBOSSTZV.  A  yellow  resin  obtained  firom  senna-leares  by  eraporatuq^ 
the  aqueous  extract,  treating  the  residue  with  alcohol,  eTaporatin^  dissolring  in  ether, 
and  again  evaporating.  It  is  a  mixtoie  of  several  substances,  periiaps  oontaisiqg 
chrysophanic  acid,  or  a  similar  add.    (Bley  and  Diesel,  Jahiesbor.  1848^  p.  828.) 

OMMTUOWHti'MWlM,  A  yellow  crystalline  substance  contained  in  l*ersiaD 
berries  or  yellow  berries  {ffrainss  dPAvigrumy  KrauUr-beeren^  the  fruit  of  Bkamttui 
amyffdalinu8f  R.  oletHdea,  J?.  saxatiU$t  ^.,  esp^nally  in  the  unripe  state.  According  to 
Kane  (Ann.  Ch.  Phys.  [3]  viii  380),  it  may  be  extracted  from  the  berries  by  ether,  in 
which  it  is  easily  soluble.  It  is  nearly  insoluble  in  cold  water,  soluble  in  alcohol,  aad 
contains  58*02  per  cent  carbon,  and  4*7  hydrogen,  whence  Kane  deduces  the  formula 
C^H'^O".  By  boiHnff  with  alcohol  or  water,  it  ia  decomposed,  yidding  another 
eolouring  matter,  Xanihorhamnin,  C"H^O",  which  is  soluble  in  water  and  alcohol,  but 
insoluble  in  ether. 

Gellatly  (Edinb.  N.  PhiL  J.  vii.  252),  by  treating  Persian  hemes  with  eUier,  ob- 
tained neither  chrysorfaamnin  nor  any  other  characteristic  substance ;  but  with  alcohol 
he  obtained  a  yeUow  substance  crystallising  in  needles,  which  appeared  to  be  zantho- 
rhamnin. 

According  to  Bo  lie  y  (Chem.  Soc.  Qu.  J.  xiii  327)*  Persian  berries  yield  an  abun' 
dant  extract  when  treated  with  crude  ether  (this  may  perhaps  explain  tlie  difference 
between  the  statements  of  Kane  and  GkUatly) ;  and  on  evaporating  the  ether,  dissolving 
the  residue  in  alcohol,  filtering,  and  evaporating  with  addition  of  water,  stellate  groups 
of  yellow  needles  are  obtained,  which  are  not  altered  by  repeated  solution,  boiling 
and  precipitation.  Thev  gave,  by  analysis  of  two  specimens,  58*87  and  60*239  per  cent 
carbon,  4*66  and  4*18  n^drogen.  The  crystals  were  somewhat  soluble  in  pure  ether, 
sparingly  in  water,  easily  in  alcohol  The  solution  gives  with  neutral  acetate  of 
lead,  a  brick-red  predpitate;  with  nitrate  of  silver,  a  blood-red  liquid,  and  afterwards 
reduced  silver.  Hence,  and  from  the  analysis,  BoUey  condudes  that  this  substance  is 
qnercetin  (g.  v.) 

tSHMTBOVSLMm    See  SxBFiimMi. 

CMXnJkMXOMM,    Unerystallisable  sugar.     (See  Suoab.) 

(SBUSITB.    See  Ouvim. 

CSTXdL  (Lehman n,  GmelitCa  HandbucK,  viii.  216  ;  Pht/ticiogital  Chemistry,  iL 
281.>-Pelouze  and  Fr^my,  Traiti^  vL  162).— Chyle  is  that  portion  of  the  products  ot 
digestion  which  is  absorbed  by  the  lacteal  vessels  terminating  in  the  inner  sur&ce  of 
the  small  intestines,  chiefly  the  jejunum,  and  thence  passing  by  numerous  converging 
streams  into  the  main  trunk  of  the  absorbent  system,  called  the  thoradc  duet,  through 
which  it  is  gradually  poured  into  the  blood  of  the  left  subclavian  vein,  at  a  short  distance 
before  it  enters  the  right  nde  of  the  heart 

The  phyncal  properties  of  chyle  differ  according  to  the  nature  of  the  animiu  to 
which  it  belongs,  the  condition  of  the  animal,  whetner  lately  fed  or  £uting,  and  the 
nature  of  the  food  which  has  been  taken.  Chyle  obtained  from  the  thoradc  dort 
during  digestion,  is  an  opalescent,  milky,  yeUowish-white  or  pale  red  liquid,  hariag  a 
faint,  peculiar  odour,  a  somewhat  saUne  and  mawkish  taste,  and  veiy  weak  alksline 
reaction;  its  stpedfic  gravity  varies  from  1*012  to  1*022.  Nine  or  ten  minutc«  $fttf 
removal  firom  the  vosmIs,  it  coagulates ;  the  coagulum,  which  contracts  in  firatn  two  to 
four  hours,  is  smaller  in  bulk  compared  with  the  serum  than  that  of  Uood;  it  is  vrsrj  eofl; 
easily  torn,  and  sometimes  gelatinous.  If  of  a  yellow  colour,  it  generally  becomes  some- 
what reddish  on  exposure  to  the  air,  an  efi^  especially  observed  io  the  chyle  of 
horses.  The  senim  of  chyle,  after  separation  from  tiie  coagulum,  is  never  quite  ejear ; 
it  does  not  osiially  become  turbid  when  mixed  with  water ;  on  bodSng  wvh  water,  a 
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ofliiJitj  ftpppwj  in  tlie  liqnid,  which,  how*TCT.  cpnmllj  deptsita  onlj  a  fev 
lots.  Aeetii-  acid  often  produeea  a  turbidity  in  the  scnun.  and  the  filtJ^ivd 
ilirn  f  ruporalisl  ezhibitii  on  its  aurtace,  colourlcsa,  tranaparpat  Slma  of  albumi- 

■odium.    Ether  does  Dot ' OMgDlate  chjle-aerum.  but  reaiti'n  it  olpiirer,  and 
1  Ilie  ethrr  and  tlie  lEnim  there  W  formed  a  creiim-like  stmtum  of  a  dirty 
ih' white  colour. 
ehyla  of  birds,  amphibia,  and  tmhrt,  it  nearly  Iranaparent  and  colourlesa ;  in 

it  is  of  a  deeper  red  colour  than  in  any  other  animuli  which  bare  been 
fd  with  reference  to  thin  aubjert,     Tliat  of  caruivoni  ia  compiiratiTelj  thick  and 

that  of  herhiiora,  thinner  and  more  Iranspflrent ;  in  cats,  it  is  of  a  pcrfci-tly 
'hiteness,  whatever  may  be  the  nature  of  their  food.  During  digestion,  the 
'  for  the  most  part  TSiy  turbid ;  at  other  times  it  forms  a  family  opalescent 
Ehibiting  a  reddish  colour  only  in  the  thoracic  duct. 

Tiorpholo^ral  elementa  of  the  chyle,  are :  1.  Exiremcly  small  granules,  consist- 
Irops  of  fat  enclosed  in  an  album i nous  enrelope, — 2.  Qranulea  bound  together 
I'aliiio  substance,  with  or  without  nuclei,  and  separata  grannies  with  distinct 
.—3.  ThcBO-called  chyle-cells,  0O02  to  0-006S  of  a  line  in  diameter,  the  granalcM 
h  mostly  become  visible  on  addition  of  wat«r  Or  acetic  acid.— 4.  The  tmnsilion 
F  the  several  atructures  from  the  more  simple  to  the  more  complex. — E.  A  small 
V  of  ooloored  blood-cells,  especially  in  the  clijls  of  the  thoracic  duct, 
tnRKoJcontititneDts  of  chyle  are  very  nearly  the  same  asthoieof  theinteteelluiar 

the  blood.  It  is  difficult,  however,  to  obtain  chyle  ot  constant  composition, 
leoause  it  rariea  with  the  quality  and  quantity  of  the  food  taken,  partly  because 
rays  more  or  less  miKed  with  lymph  and  blood. 

tihrin  of  chyle  ia  in  general  less  contractile  and  mora  gelatinous  than  that  of 
like  the  fibrin  of  many  pathological  exudations,  and  that  of  fish,  it  sometimet 

—  _i» !..:._    -.1,      ,■  L 1    -.  :_  njnjjy  destitute  of  the  fibrou* 

lute  alkalis,  carbonic  acid,  and 

acids;  alio,  after  awhile,  in  solution  of  nitre,  and  eien  in  aal-ammoniac ;  from 
tioD  in  acetic  acid,  it  is  completely  precipitated  by  sal-ammoniac,  and  from  Jta 
1  in  sal- ammoniac  V^  acetic  acid. 

aiiamin  of  chyle  contains  a  larger  amount  of  alkali  than  that  of  blood ;  it  ii 
idered  turbid,  even  by  very  great  dilution  with  water ;  when  boiled.  It  forms, 
erent  flocks,  but  a  milk-white  opaque  liquid ;  on  evaporation,  colonrlesa  flhns 
1  tha  surface.  The  aqueous  extract  of  the  ch^le-residue  has  a  strong  alkaline 
1 ;  on  neutralising  it  with  acetic  acid,  a  turbidity  is  prodnced,  which  afterwards 
Ives;  oil  lubaeqiiently  adding  ferrocjanide of  potassium,  acopions  precipitate  ia 
The  original  aqueona  extract  becomea  strongly  turbid  by  boiling  with  ial- 
iac  also  on  addition  of  nitric  acid.  From  chyle-albumin  oxhaui;ted  with  water, 
,  and  ether.  Lehmann  obtained  2068  per  cent,  of  ash,  containing  a  considerable 
y  of  alkaline  salt  which  cflTenesced  with  acids. 

fal  of  chyle  is  mostly  nnaapoDified  in  the  smaller  lacteals,  saponified  in  tha 
c  duct.    Chyle  does  not  appeu  to  contain  any  orataUisable  fat- 
existence  of  mgar  in  cbyle  is  doubtful ;  that  of  hile-coiutitutnU,  though  pro- 
!iaa  not  been  demonstrated.    Lactic  aeid  wia  found  by  Lehmann  in  the  chyle  of 
nes,  one  of  which  had  been  fed  two  hours  before  deatEi.  with  oats,  the  other  with 

0  is  veiy  rich  in  aHalii,  combined  partly  with  albumin,  partly  with  lactic  and 
acids;  hence  the  aqneoDs  solution  of  the  ash  has  a  strong  alkaline  reaction, 
lerveaces  with  acids.  SiilpAal/t  of  Ike  alta/i-Tnriali  ara  found  in  the  aah,  but 
Jie  chyle  ilsell  Sa/pioc^anidei  are  not  found.  Alkaline  phosphates  occur  io 
uantily  only,  rvrn  after  ths  digestion  of  vegetable  food.    TheeAforiiftJ  oftodimn 

ia  found  in  the  serum  of  cbyle,  but  ila  presence  may  he  due  to  admixed  blood- 

ng  fasting  or  scanty  nutntion,  the  chyle  is  poorer  in  solid  conatituenia,  espe* 

tit,  and  consequently 'has  a  turbid  but  not  a  milky  appearance. 

.  rieh  in  fat,  whether  animal  or  T^et^bls,  increases  the  quantity  of  fat  in  tha 

he  contents  of  the  thoracic  duct,  two  hours  after  deatl,  of  a  man  tilled  by 
ng,  Roes  found  eS'48  per  cent  water,  7-08  albumin,  with  traces  of  fibrin,  O'M 
a  extract,  OS  alcoholic  extract,  044  chloride,  carhonste,  and  sniphate  of  potaa- 
rith  truces  of  phosphate  of  potadnnm  and  oxide  of  inn,  and  0'92  fatty  matters. 
mon  has  given  the  following  analyse*  of  the  chyle  of  three  horses,  the  Irit  fsd 
I,  the  other  two  on  oats : 
I.  SQ 
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I.  II.  IIL 

Water 949-670  928*000  916-000 

Fat 1-186  10-010  0*900 

Albumin 42717  46*430  60*530 

Fibrin 0*440  0*805  0*900 

Hematosin 0*474  trace  6-691 

Extractive  matter  and  ptyalin        .        .        .  8*360  6-320  6*265 
Chloride  and  lactate  of  Bodium  with  tnces  of 

caldum-Balta —  7*300  6700 

Sulphate  and  phosphate  of  calcinmwith  traces 

of  oxideofuron —  1100  0-850 

1002*847  998*965  996*836 

The  first  of  these  analyses  does  not,  howerer,  admit  of  direct  comparison  with  the 
others*  as  it  evidently  appUes  to  the  organic  matter  alone. 

In  the  chyle  of  a  cat,  Nasse  foond  in  1000  pts. :  905*7  water,  and  94-3  solid  matter, 
consisting  of  1*3  fibrin,  32*7  fatty  matter,  48*9  albumin,  globules  resembling  those  of 
the  hiooa,  and  extractive  matter,  7*1  chloride  of  sodium,  2*3  other  soluble  s^ts,  trace 
of  iron,  and  2  0  earthy  salts. 

CSrm.  This  name,  now  but  little  used,  was  applied  to  the  products  of  digntion 
contained  in  the  small  intestines,  before  they  have  been  submitted  to  the  action  of  the 
bile  and  pancreatic  juice. 

CBTM08ZW.  A  peculiar  nitrogenous  matter  existing  in  the  gastric  juice  (q,  e.) ; 
also  called  pepsin  or  gaaterase, 

CBTTOVBTX&ZTB.  A  name  applied  by  Hausmann  to  certain  slags  fix)m  blast- 
ftimaces,  having  a  broadly  laminar  structure.  They  are  mainly  ferrous  silicates, 
2FeO.  3SiO*,  the  iron  being  partly  replaced  by  calcium  and  the  silica  by  alnmiiUb 
(Jahresber.  f.  Chem.  1850,  pp.  26,  710;  1851,  p.  768;  1856,  p.  842.) 

CBTTOBTZABXra.  Badiate  blast-fiimace  slags,  having  the  composition  of 
augite,  M^SiO'  or  MH).SiO*,  the  silica  being  partly  replaced  by  alumin&i  (Haa»- 
mann,  Jahresb.  f.  Chem.  1856,  p.  843.) 

CZaOTlUM  cnniKZWCIZZ.  An  East  Indian  fern,  the  haiiy  stem  of  which  is 
much  used  as  a  means  of  arresting  hsmorrhage.  It  contains  wax,  resin,  tannic  acid, 
crenic  acid,  &c.    (v.  Bemmelen,  Vierte^.  pr.  Pharm.  v.  321.) 

CZCm  AXZWRVnc  The  ChickpeiL-^The  hairs  of  the  stem,  leaves,  sod 
othejr  parts  of  this  plant  exude  an  add  liquid,  containing  oxalic,  acetic,  and  perhi^ 
malic  add,  and,  according  to  Dispan,  another  add  peculiar  to  the  plant. 

CZCBOmnnS  BVBZVZA.    SeeEMSiVB. 

CZCBOazrai  ZHTTBVB.  CMoory, — The  root  of  this  plant  is  extensiTfly 
used  for  mixing  with  coffee.  The  following  table  exhibits  the  oompoeitaon  of  tht 
organic  part  of  the  wild  and  cultivated  varieties,  as  determined  by  v.  Bibra: 

CuItiTit«d.  Wild. 

Fat,  insoluble  in  alcohol     ..•••.    0*07  0*47 

Resin 0*84  0-96 

Organic  acid,  precipitable  only  by  subacetate  of  lead  .     1*01  1*18 

Organic  acid,  predpitable  also  by  the  neutral  acetate  .    2*54  2*51 

Sugar 22*08  37*81 

Inulin 19*12  10*90 

Albumin 0*12  0*15 

Tannic  add  and  volatile  oil trace  trace 

Woody  fibre 54*21  46*00 

99*99  99^ 

The  chief  difference  in  the  composition  of  the  two  varieties  appears  to  be  in  the  re* 
lative  proportions  of  inulin  and  sugar. 

Ander  8on.(Highland  Agric.  Qoo.  Joam.  1853,  p.  61)  found  in  a  specimen  of  ehieoiy 
caltivated  in  Yorkshire,  1*6  per  cent  nitrogen  and  3*6  ash ;  in  anotiier,  from  theneigh- 
bourhood  of  Glasgow,  1*5  per  cent  nitrogen  and  6*7  ash. 

The  leaves  contain  in  100  pts.  90*9  water  and  1*42  ash.    (Anderson.) 

The  composition  of  the  ash  of  the  root  and  leaves  of  chicory,  as  determined  by 
Anderson  (loc.eit),  and  by  Graham,  Stenhouse,  and  Campbell  tCheiB.J9be. 
Qo.  J.  ix.  45),  is  as  follows :  '^ 
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Q  chicor^-root  u  routed,  Eerend  Tolstils  picdncM  are  giTen  off,  and  on  «>d- 
;  them,  s  yellowish  liqnid  u  abtoiaed,  which  has  ■  .bup  unpietuant  odour, 
the  skin  permaneiitlf  dark  brown,  and  contsina  tannic  acid.  The  uueoiu 
a  of  the  roasted  chicory  contains  sugar,  a  bitter  substance,  emp/reomatic  oil, 
ii^eg  irblch  exert  a  strong  redacing  action  on  gold  and  eilTer-saftg,  and  orgaoio 
irecipitable  bj  lead-salts.  Jt  hsa  s  disagreeable  taste,  and.  if  taJien  in  coa- 
ile  quantitj,  prodaceu  nansea  and  sometimes  giddiness.  (Htmdw.  d.  Chem. 
U.) 


■'■' 

•MR.  A  fermented  liqaor  prepared  from  apples.  Large  qoantities  of  it  ire 
in  Herefordshire.  DeroDshire,  and  the  a^joinmg  counties ;  in  the  counties  of 
ord  and  Cork  in  Ireland  ;  in  Normandy  and  Picwdy  in  France;  in  Belgium;  in 
ny;   and  in  man;  parts  of  the  United  StBt«a. 

apples  used  in  the  preparation  of  cider,  ripen  at  diff^nt  seasons ;  in  tbi* 
r,  the  earliest  begin  to  fall  from  the  trees  at  the  end  of  September,  Imt  the  ma- 
lo  not  attain  their  maturity  till  about  the  end  of  Morember  or  the  beginning  of 

lalca  good  cider,  it  is  necMsaiy  that  the  apples  be  qiule  ripe,  to  ensure  which,  it 
imary  to  leare  them  to  ripen  for  a  month  or  more  after  gathering;  they  most 
wever,  be  allowed  to  get  OTcr-ripe,  otherwise  the  quantltyof  sugar  will  diminish, 
rersge  proportion  of  sugar  in  apples  at  different  stages  of  maturity,  has  been 
to  be  as  follows : 


1100 


7-9S 


make  cider,  the  apples  are  thrown  into  a  eirciJar  stone  trough,  naually  about 
D  diametpr,  called  the  cAaie,  round  which  the  runnfr,  a  beaTj  circular  stone,  is 

by  one  or  sometimes  by  two  borsee;  thepnlpy  fhiit  or  "miet"  is  then  enclosed 
■ae  boir-cloths,  and  subjected  to  pressure  by  a  serew-press,  and  the  brown  juice 
eludes  is  poured  into  cssIlb  placed  either  out  of  doors,  or  in  sheds  where  there  is 
current  of  uir.  Sometime?  the  dry  residue  which  remains  in  the  baga,  is  mixed 
water,  ground  sgnin,  and  the  liquor  pressed  out  ss  before.     This  lattCT  product 

what  is  called  "  wnter-cider,"  a  thin  unpalatable  liquor  which  is  given  to  the 
em  early  in  the  year. 

ut  three  or  four  days  after  the  juice  has  been  bansferred  to  the  easki,  it  begins 
menl,  the  thick  besiier  parta  then  subsiding  to  the  bottom,  while  the  lighter 
B  clear  brieht  cider.  This  is  then  racked  off  into  another  cask,  and  the  sed^ent 
to  Btiain  through  linen  bags,  the  liquid  which  oozea  throngb  being  restored. 

fcTmeutation  is  the  moat  delicate  part  of  the  process;  abght  fermenlstion  leaves 
uor  thick  and  anpalatable ;  rnptij  fermentation  impaiTS  its  strsn^h  and  durability; 
twsnM  fermanbUioa  makes  it  sour,  harsh,  and  UiiD.  Other  things  being  equal, 
del  will  probably  pion  the  best  in  which  the  Tinoas  fermentation  has  proceeded 
3qS 


964  CIMICIC  ACID  —  CIMOLITE. 

elowly,  and  has  not  been  allowed  to  pass  into  the  acetous.  If  the  eider  does  sot  clear 
spontaneously,  finingSi  such  as  isinglass,  eggs,  or  blood,  are  added,  as  in  the  preparation 
of  beer. 

At  the  beginning  of  January,  the  cider  Lb  moved  into  cellars,  where,  by  laige 
growera,  it  is  frequently  stored  in  casks  of  great  capacity,  containing  1000^  1500,  or 
eiren  2000  gallons.  In  March,  the  liquor  is  bunged  down;  it  is  then  fit  for  sale,  and 
may  be  used  soon  afterwards,  though  it  will  greatly  improve  by  keeping.  For  bottW 
or  effervescing  cider,  the  liquor  should  be  bottled  or  wired  down  in  the  September  or 
October  after  it  is  made;  some  persons  prefer  an  earlier  time,  the  end  of  April  or  the 
beginning  of  May.  A  more  effervescent  liquid  is  thus  obtained,  but  considerable  loss 
occurs  from  the  bursting  of  bottles.     {Penny  Cychptsdia.) 

The  strongest  cider  contains  in  100  volumes,  9'87  volumes  of  alcohol  of  92  per  cent; 
the  weakest,  5*21  volumes.    (Brande.) 

nwTTtrn ) 
CZKXCXO  ACZB.    C»H«0«  -  ^        h[^*    (^^'^^i^*  ^^^  ^  Phann.  osiv. 

147.) — An  acid,  belonging  to  the  oleic  series,  contained  in  the  fetid  oily  liquid  elected 
by  a  kind  of  bug  (Rhaphigaster  punctipennis)  when  irritated.  To  prepare  it,  the  in- 
sects are  treated  with  strong  alcohol,  which  extracts  a  brown  resinous  substance,  tht-n 
macerated  with  cold  ether.  The  solution  thus  obtained,  yields  the  acid  by  evaporation, 
as  a  coloured  mass ;  it  is  purified  by  converting  it  into  a  barium-salt,  washing  with 
water  and  with  dilute  alcohol,  then  decomposing  the  salt  with  hydrochloric  acid,  anl 
drying  the  resulting  fat  between  40®  and  60®  C.  Two  or  three  hundred  of  the  in^ectii 
yield  about  12  grms.  of  the  fatty  acid :  the  iasects  freed  from  fat  and  dried,  weighed 
23  grms. 

Cimicic  acid  is  a  vellow  crystalline  mass,  bavins  a  pecub'ar  rancid  odour :  lighter 
than  water  and  insoluble  therein ;  very  little  soluble  in  alcohol,  easily  in  ether,  from 
which  it  crystallises  by  slow  evaporation  in  stellate  groups  of  colourless  needles.  It 
melts  at  44®  C,  and,  when  subjected  to  dry  distillation,  yields,  besides  gases,  an  oil 
which  solidifies  on  cooling,  and  appears  to  contain  some  undecomposed  acid. 

Cimicic  acid,  treated  with  pentachloride  of  phoapkorvs,  gives  off  hydrochloric  acid 
gas,  and  forms  a  liquid  which,  when  shaken  up  with  cold  water,  yields  chloride  of 
eimicyl,  C'^H-''O.Cl,  as  a  heavy  oil,  which  solidifies  at  about  44®  C,  does  not  crys- 
tallise distinctly ;  dissolves  in  ether  without  alteration ,  is  immediately  decompc^ed 
by  alcohol  into  cimicic  ether  and  hydrochloric  add ;  and  by  potash  into  cdmicate  and 
chloride  of  potassium. 

Cimicic  acid  in  alcoholic  solution  is  strongly  add.  It  dissolves  easily,  with  aid  of 
heat,  in  aqueous  alkalis. 

The  cimicates  have  the  composition  C^JEC^O*.  Those  of  the  alkali-metab 
dissolve  in  a  small  quantity  of  water,  but  a  larger  quantity  renders  the  solationi 
opalescent ;  they  froth  with  soap-solution,  and  are  precipitated  from  their  aqu«)a« 
solutions  by  excess  of  alkali  and  by  chloride  of  sodium.  The  cimicates  of  the  esrth- 
metals  and  heavy  metals  are  nearly  or  quite  insoluble  in  water  and  alcohol ;  the  Itml* 
salt  only  appears  to  be  slightly  soluble  in  ether.  The  silver-aalt  blackens  qoickl; 
when  exposed  to  light 

Cimicateof  Ethyl,  C^H'CC^HOO',  obtained  by  treating  chloride  of  eimicyl  ^l^ 
with  alcohol  and  precipitating  by  water,  is  a  light  yellow  oil,  smelling  like  the  te^ 
acid,  but  stronger :  it  is  lighter  than  water ;  does  not  solidify  at  0®  C ;  dissolves  readily 
in  alcohol ;  turns  brown  when  heated. 

Syn.  with  Htdbidb  of  Cimnakyl  (p.  988). 

Lowig's  name  for  the  radicle  C*H',  which  he  suppoaes  to  exist  is 
cinnamic  acid. 

CZKOUTB  or  OZXOUAV  BAATR,  the  dmolia  of  Pliny,  which  was  used 
by  the  andents  both  medicinally  and  for  cleaning  cloths,  and  which  has  been  con- 
founded with  fuller's  earth  and  tobacco-pipe  clay,  is  found  in  the  inland  of  Arjientiera, 
the  ancient  Cimolus,  also  in  Bohemia  and  in  Russia^  It  is  of  a  light  greyish- white 
colour,  acquiring  superficially  a  reddish  tint  by  exposure  to  tho  air;  masiisiTe;  of 
an  earthy,  uneven,  more  or  less  slaty  firaeture ;  opaque  when  shared  with  a  knife, 
smooth,  and  of  a  greasy  lustre ;  tenacious,  so  as  not  without  difficulty  to  be  powdered  or 
broken  ;  and  adhering  pretty  firmly  to  the  tongue.  Its  specific  gravity  is  218— 2-»0. 
It  is  immediately  penetrated  by  water,  and  splits  into  thin  laminae  of  a  curved  aJaly 
form.  Triturated  with  water,  it  forms  a  pappy  mass;  and  100  grains  will  give  to  thn^ 
ounces  of  water  the  appearance  and  consistence  of  a  thickish  cream.  If  h ft  to  firv 
after  being  thus  ground,  it  detaches  itself  in  hard  bands,  somewhat  flexible  and  still 
more  difficult  to  pulverise  than  before. 

Wheu  it  is  ground  with  water,  and  applied  to  silk  or  woollen  fabrics  greased  with  oil  of 
almonds,  the  oil  is  completely  discharged  by  a  slight  washing  in  water,  after  the  stuf& 
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:n  hang  up  &  iIkj  to  dry,  without  the  loart  injury  to  the  boan^  of  tLe  colour. 
1  U8«d  by  Uio  EfttiTCT  of  Argentipm  for  the  wme  purposes  at  of  old. 
oUowing  «re  lUialyBe*  of  cimolile:-a.  From  ArgentiBra,  hj  KUpioth:  — 
AlexsDdmwBki  in  Kusoii,  by  lUmoff:— e.  A  pwudomorph  of  augitB  (bIbo 
utuxitr\  tfom  t-ha  decomposed  haoalt  of  Bilin,  BohemiN  by  Bummebberg:  — 
called  p^liJcanitr.  from  tha  decompoaed  granite  of  Kiew  in  Huasi*.  by  OucL^ 
laiiiinJiberg'*  MiiKralcheaai,  p.  £63.) 
O"         Al'O*       FeO-    C»'0        TiS^O     K'O       PK>*         H^ 

00  23'O0  l-2fi  _  _  _  —  12'00  -  99-2S 
■ea  23-S6  —  -  -  -  —  120O  -  99-07 
30  2433  —  0-8S  —  —  —  12-3*  -  99  70 
•88  22-8*  0-44  —  0-68  0-30  0-17  9'3l  -  flSaft 
m  three  snalyMi  agree  nearly  with  the  formula  2Al*O'.93i0>+  eaq.,Thich  ia 
f  B  laetiuiilicatA,  and  reducible  to  2iW0.3SiO>  +  Saq.  or  aPSiCH.SiO'  ir  3aq.  i  tha 
coDluna  the  tame  pcoportiona  of  silica  oud  alumioa,  but  only  4  at  wmto; 

>.ttStO<-t-4aq.  . 

jlitB  iippi»rH  to  be  formed  from  iiugile  contaiDiDg  alumina  and  magnesia,  by  Uie 
of  inflltrjting  waten  coiitaiuing  carbonic  acid,  which  carry  away  the  magneaia, 
;  a  liy.lroua  ailioale  of  aluminium  ;  an  addition  of  aliimiua  may  probably  take 
(irough  the  accompanying  deoompoatlion  of  awociated  felspar.  (Dana,  ii.  184.) 
rAOKOb  A  prodnct  of  the  action  of  iodine  on  wonnsecd  0^(3.  B.) 
tMXmMM  and  Oar.BMMB-CAKPBOR.  Coaitituent*  of  wornueed-oi^ 
iug  to  ilinel. 

■JBPKAJirB,  CnrZPBSVH,  CIVJBVKOWB.  Froducia  obtained,  accord- 
Hirao],  by  tha  action  of  iodine  on  wonneoed-oil  (j. ».) 

rCHOWA  ftw^^  Cortex  China,  C.  Pemmanut,  Qainq-aius,  Catrarill± — 
ume  in  applied  to  the  bark  of  the  Bicm  and  bmuchea  of  various  ^lecira  of  tVu- 
anrt  other  genera  of  the  order  Ruhiaeta,  snb-order  C(ncinnea.  Those  wliich  are 
ed  from  trees  of  the  genus  Cinchona,  are  called  true  cinchona  barks;  they 
n  quinine  and  cinchonine,  and  have  lone  been  known  tOr  their  antifebrile  pro- 
■  ;  the  barks  of  the  other  genera  of  the  Mb-order  abovs-mentioned,  chiefly 
herqiaand  Exaiirmma,  are  called  false  cinchona  barks  ;  they  contain  certain 
nate  principU^  likewise  fbuud  in  the  true  cinchona  harta.  namelj  quinic  acid, 
Tic  acid,  quinolannie  acid,  and  cinchona-red,  but  no  alkaloids. 
^  antifebrile  barks  were  first  introduced  into  EuMpe  from  Peru,  about  the  ypar 
by  the  Countess  of  Cbinchon,  wifa  of  the  Vicersj  of  Peru  (in  whose  honour  tha 
CincAma  wa»  given  to  the  nenaa  by  Linnseus),  and  a  few  years  later  by  the 
a,  and  soon  acquired  gr«t  celebrity  tor  the  cnre  of  intermittent  feTere,  being 
a  by  the  names  Pulvii  Comilusa,  JauSiicia,  Cardifuilu,  Patnim.    The  treea 

1  yield  them  were  Brat  recognised  and  described,  about  a  century  later,  by  the 
;h  astronomer  La  Condaime,  in  hia  journey  in  Peru. 

B  true  cinchonas  prow  on  the  wooded  slopes  of  tho  Cordilleras,  from  weatenl 
Euela  to  northern  Bolivia,  between  lO"  N.  and  19°  a  latitude,  in  a  narrow  zone 
dine  through  a  vertical  height  of  about  6400  feet  The  barks  which  are  richest 
LHloids.  and  are  exported  {Cascarillo'i  fine's),  occur  most  abundantly  from  7-  N. 
°  S.  latitude,  and  as  they  require  a  cool  moist  cLimale,  they  occupy  the  region 

11  ISO  to  8400  fcBt  above  the  sca-leval,  whilst  those  which  contain  smaller 
titles  of  the  alkaloidB,  and  are  therefore  not  fit  for  exportation,  occupy  a  warmer 
Irier  tone,  between  6400  and  4B0U  feet  in  vertical  height.  WiUi  these  also  are 
I  the  LtuUnbergiat.  which  produce  falae  cinchona  barks ;  they  extend  also  2000 
ower  through  the  tropical  part  of  the  continent  The  Eio^'mmai,  which  also 
ice  falae  cinchona  barks,  inhabit  only  the  hot  rone,  and  are  found  not  only  on 
ontinent  but  on  the  ialanda.    Since  ISS3.  the  most  highly  prized  cinchonas  hare 

successfully  cultivated  in  Java.  The  cultivation  haa  also  been  attempted  10 
ria  and  in  India. 

le  collection  of  the  bark  takes  pUce  in  New  Granada  at  all  times  of  the  year ; 
'ru  and  Bolivia,  only  in  the  dry  season.  The  inner  bark  of  the  stems  and  fairer 
chee,  after  having  been  freed  from  the  outer  baik,  is  very  earefnlly  dried  over  a 
'nt  three  or  foni  weeks,  the  weight  of  the  dried  producta  being  about  one-third  of 

of  the  fresh  bark.  According  to  Karsteo,  a  tree  60  feet  high  and  0  fwl  in 
icter  yields  about  10  cwt.  of  diy  bark :  but  such  specimens  are  not  often  met  with. 
Icundor  and  northern  Peru,  the  bark  is  taken  chiefly  tmm  the  lininchMi;  in 
icrn  Peru  and  Bolivia,  from  both  stems  and  branches;  it  ia  dried  ia  the  sua, 

ana 


966  CINCHONA  BARK. 

either  in  the  forest  itself,  or  in  drier  sitnationB  lower  down  the  hill-nde^    According 
to  Pasteur,  the  process  of  drying  in  the  son  is  ii^'urious. 

The  TBua  cimchona  baskb  known  in  commerce,  axe  of  three  kinds,  grep  or  brwtntt 
yelloWf  and  red.  They  come  to  market  either  in  rolled  quills,  or  in  flat  or  hollowied 
oblong  pieces  of  very  yarious  dimensions.  They  have  a  more  or  less  splintery-fibrous 
texture,  contain  the  cinchona  alkaloids,  quinine,  cinchonine,  qoinidine,  &c,  and  when 
coarsely  powdered  and  heated  in  a  test-tube,  give  off  a  red  tar. 

a.  G-rey  Cinchona-barks.  China /tuca  s.  grisea, — These  barks  are  obtained 
from  the  branches,  and  have  therefore  the  form  of  quills ;  they  are  whitish  on  the 
outside,  with  spots  of  grey,  greyish-brown  or  brown,  sometimes  black,  fine-fissuivd,  of 
even  firacture,  splintery  only  on  the  inner  surface,  and  contain  more  einchonine  than 
quinine.  Five  species  are  enumerated,  namely,  Huanoco,  LoxOy  Fseudoloxa,  Huama- 
lies,  and  pais  Jam  bark. 

b.  Yellow  or  Orange-yellow  barks.  Cinchona  Jlat/a  b,  aurantiaca, — These  barks 
are  obtained  from  the  stems  and  laiger  branches,  and  consist  wholly  or  nearly  so  of 
the  bass  or  inner  bark ;  hence  they  luive  a  fibrous  or  splinteiy  texture.  The  afkaloids 
contained  in  them  are  chiefly  quinine  and  quinidine.  The  most  important  species  is 
the  Royal,  King's  or  Calisaya  bark,  of  which  there  are  tliree  varieties,  vis. — 
1.  Fine  Calisaya  bark,  from  C.  Calisaya,  which  occurs  either  in  quills  or  rolls,  of 

,  1  tol|  inches  diameter,  partly  covered  with  the  outer  bark,  and  is  then  called  Cinchona 
Calisaya  tecta  s.  convoltUa;  or  in  flat  plates  destitute  of  outer  bark ;  C,  Calisaya  nuda 
s.  plana;  this  last  variety  is  the  richest  of  all  the  barks  in  alkaloids. — 2.  C  Calisaya 
morada,  from  C,  Boliviana;  and  3.  C,  Calisaya  fibrosa  s.  scrobiculata.  There 
are  four  other  species  of  yellow  bark,  viz.  Cusoo  bark  (Wed  dell) ;  Carthayena  or 
Bogota  bark,  also  called  Cinchona  flava  fibrosa;  Cinchona  fiava  dura;  taid 
Cinehona  Pitaya, 

c.  Red  Barks.  Cinchona  rubra, — These  barks  are  obtained  from  the  Btf*nis 
and  larger  branches ;  they  are  mostly  of  brown-red  colour,  with  proportionately  tliick 
outer  bark,  and  strong  fibrous  or  splintery  bass.  They  contain  more  quinine  than 
cinchonine.  The  species  are  Cinchona  rubra  suberosa,  from  Csuccinibra  and  C, 
rubra  dura, 

Falsb  ccrcHoirA  babks  are  derived  chiefly  from  trees  of  the  genera  LadeiAergia 
and  Exostemma,  They  occur  in  rolls,  half  rolls,  or  flat  pieces,  havinff  a  pre-eminently 
corky  texture.  They  contain  no  cinchona  alkaloids,  and  when  coarsely  pulverised  and 
heated  in  a  test-tube,  yield  nothing  but  a  dirty  yellow  or  brown  tar.  The  species  are: 
1.  Cinchona  de  Para,  cibiained  from  a  Ladenberaia. — 2.  Cinchona  nova  Grana* 
ten  sis,  from  Ladenbcrgia  oblongifolia  or  maynifoiia,  Felletier  and  Caventou  found  in 
it  quinovic  acid  and  an  alkaloid;  Winckler  found  quinovic  acid  and  cinchona^bitter; 
Hlasiwetz  found  qulnic  acid,  quinovic  acid,  quino-tannic  acid,  and  cinchona-red.— 
3.  Cinchona  no  v a  Br asiUensi s,  fromLadenbergia Sieddana,  B^id  to contniaqmnic 
and  quinovic  acids. — 4.  Cinchona  alba  Granatensis,  frt>m  L,  macrocarpa,  said 
to  contain  alkaloids,  but  the  statement  is  doubtful. — 6.  Cinchona  bicolorata  a. 
Atacamez,  s.  Pitoya,  said  to  contain  an  alkaloid  pitoyine.  —  6.  Cinchona 
Caribaa,  from  Exostemma  Caribaum,  contains  quinovic  acid.— 7.  Cinchona  Sta, 
Lucia,  s.  Piton,  s.  Martinicensis,  from  Exostemma  fioribunduin. 

The  organic  constituents  of  cinchona  barks,  are  quinine,  cinchonine,  and  two  or 
three  isomeric  modifications  of  those  bases ;  aricine ;  quinic,  quinovic  and  quinotannie 
acids;  cinchona-red;  a  yellow  colouring  matter;  a  green  fatty  matter;  a  small  quantity 
of  volatile  oil,  havine  the  odour  of  the  bark;  together  with  starch,  gum,  and  woody  fibre. 

The  ash  of  cinchona  barks  consists  chiefly  of  carbonate  of  lime,  and  varies  in 
quantity  from  0*58  per  cent  (in  Calisaya  bark),  to  3*4  (in  ash-bark  or  pale  Jaen 
bark).  The  acids  of  the  bark  are  neutralised,  partly  by  the  lime,  partly  by  the  alka- 
loids, and  accordingly  analysis  appears  to  show  that  the  lime  diminishes  in  proportion 
as  the  bark  is  richer  in  alkaloids.  Some  barks,  e,g.  Calisaya  and  Huanooo,  yield  ashes 
of  a  green  colour,  arising  from  manganate  of  potassium  (Puttfarcken,  Pharm. 
J.  Trans.  xL  129).  Reichel  found  in  the  ash  of  various  cinchona  barks,  potash,  lime, 
magnesia,  silica,  and  sulphuric  acid,  with  smaller  quantities  of  alumina,  iron,  manga- 
nese, phosphoric  acid,  and  chlorine. 

The  first  chemical  examination  of  cinchona  bark  appears  to  have  been  made  in  1785 
by  Hermbstadt,  who  obtained  from  it  the  calcium-salt  of  quinicacid,  which  he 
designated  as  essential  salt  of  quinine.  Schneider  in  1807  and  Vanquelin  in  1608, 
separated  quinic  acid  from  the  calcium-salt  Quinotannie  acid  was  discovered  by 
Beyeux  in  1793,  and  obtained  in  more  definite  form  by  S^guin,  in  1797.  Cinchona- 
bitter  and  cinchona-red  were  obtained  from  red  cinchona  bark  by  Reuss  in  1810. 
At  this  time,  ten  y^ars  before  the  discovery  of  the  cinchona  alkaloids,  Benelius  made 
a  quantitative  examination  of  a  yellowish-brown  cinchona  bark,  and  found  in  it  O'o 
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per  cent  of  green  toft  resin,  which  quickly  hardened,  7*35  qninotannic  acid,  6*87  bitter 
ayrupy  extract  (this  contained  the  alkaloids),  2*5  qninate  of  potassium  and  quinata 
of  calcium,  coloured  by  a  small  quantity  of  extractive  deposit,  1*25  extractive 
depofiitdiasolTed  out  by  carbonate  of  potassium,  2'70  amylaceous  gum  and  73*75  woody 
fibrol 

Cinchonine  appears  to  have  been  obtained  in  an  impure  state  by  Gomes  of  Lisbon 
in  1811 ;  but  its  true  nature  remained  unknown  till  1820,  when  Houton-Labillardi^ 
fint  drew  attention  to  the  alkaline  reaction  of  the  substance  obtained  by  Gomez,  and 
communicated  his  observations  to  Pellctier  and  Caventou,  who,  in  the  same  year,  suc- 
ceeded in  LBolatinff, first  cinchonine,  and  afterwards  quinine,  and  in  proving  them 
to  be  true  vegetable  alkaloids.  Several  isomeric  modifications  of  these  alkaloid  were 
afterwards  discovered  and  variously  named ;  but  according  to  Pasteur  (Compt.  rend, 
zxxvi.  26 ;  xxxvii  110),  whose  results  appear  to  be  the  most  exacts  their  number  may 
be  reduced  to  four,  namely,  cinchonicine  and  cinchonidine  isomeric  with  cincho- 
nine ;  quinicine  and  quinidine  isomeric  with  quinine.  Cinchonicine  and  quinicine 
are  produced  by  the  action  of  heat  on  cinchonine  and  quinine  respectively ;  cinchonidine 
is  found  in  certain  cinchona  barks,  namely,  Huamalies,  Maracaibo,  and  Bogota  barks, 
and  quinidine  is  obtained  from  the  mother>liquor8  of  the  manufacture  of  sulphate  of 
quinme. 

The  three  isomeric  bases  of  each  group  are  distinguished  by  their  optical  rotatory 
power.    (See  the  several  Alkaloids.) 

Aricine  was  discovered  in  1829by  Pelletier  and  Corriol  (J.  Pharm.  xv.  575), 
in  a  white  cinchona  bark,  from  Arica.  Elaborate  examinations  of  various  cinchona 
]>ark8,  were  published  by  Reichardt  in  1855,  and  by  Keichel  in  1856 ;  and  lastly,  in 
1860,  De  Vry  published  his  researches  (Bonplandiat  viii.  270),  on  the  Cinchona  Caly- 
9aya  cultivated  in  Java. 

Cinchona  barks  are  employed  medicinally  in  the  form  of  tinctures  and  infusions,  and 
were  used  in  this  manner,  for  their  febrifi^e  and  tonic  properties,  long  before  the  dis- 
coveiy  of  the  alkaloids ;  but  as  these  qualities  are  likewise  possessed  by  the  pure 
alkaloids,  and  the  administration  of  these  alkaloids  is,  in  many  cases,  much  more  cou- 
venient  than  that  of  the  bark  in  substance,  the  alkaloids,  especially  quinine  in  the 
form  of  sulphate,  are  prepared  from,  the  barks  on  a  very  large  scale ; — the  value  of  a 
bark  to  the  manufacturer  m^  indeed  be  said  to  depend  on  the  quantity  of  sulphate  of 
quinine  that  it  will  yield.  It  is  found,  however,  that  the  medicinal  properties  of  the 
barks  are  due  to  the  quinic  and  other  acids  which  they  contain,  as  well  as  to  the 
alkaloids,  and  consequently  that  the  bark  in  substance  cannot  in  all  cases  be  advan- 
tageously replaced  by  the  pure  alkaloid.  At  one  time  indeed  it  was  supposed  that  the 
medicinal  efficacy  of  the  barks  depended  chiefly  on  the  tannin  eontained  in  them. 
Benelius  wrote  in  1831  {Draiti  de  ChimiCt  Paris,  v.  587) :  "  There  is  a  law  in  Sweden 
in  virtue  of  which,  every  cinchona  bark  imported  into  the  country  must  be  tested  with 
infusion  of  galls,  ferric  sulphate,  solution  of  gelatin,  and  tartar  emetic ;  and  it  is  proved, 
by  an  experience  of  sixteen  years,  that  the  most  efficacious  bark  is  that  whicn  gives 
the  strongest  precipitate  with  solution  of  gelatin  and  tartar-emetie,  in  other  words, 
which  contains  most  tannin."  The  barks  which  appear  to  be  best  adapted  for  medici 
nal  use  are,  the  flat  Calisaya  and  the  Huanoco  barks,  the  former  containing  the  largest 
proportion  of  quinine  and  quinotannic  acid,  while  the  latter  is  richest  in  cinchonine 
and  quinic  acid. 

R factions  of  Cinchona  Barks. — The  aqueous  infusion  of  these  barks  contains  the 
alkaloids  in  combination  with  ouinic  and  the  other  acids, — and  as  these  salts,  and 
likewise  the  starch,  are  more  soluble  in  hot  than  in  cold  water,  the  liquid  always 
becomes  turbid  on  cooling.  To  extract  the  whole  of  the  bases,  it  is  necessary  to 
acidulate  with  hydrochloric  or  sulphuric  acid. 

The  solution  thus  obtained  may  be  tested : 

1.  For  alkaloids,  which,  if  present,  will  give  a  white  precipitate  with  tannic  acid, 
and  a  yellow  crystalline  precipitate  with  dichloride  of  platinum.     Another  mode  oif 
testing  for  the  alKaloids,  is  to  precipitate  the  acid  solution  with  carbonate  of  sodium 
and  distil  the  precipitate  with  excess  of  caustic  alkali,  whereby  a  distillate  of  chinoline 
(p.  869)  will  be  obtained. 

2.  For  Qui  no-tan  nic  acid. — White  precipitate  with  solution  of  gelatin  ;  gn-en 
irith  ferric  salts  ;  dirty  white  with  tartar-cmitic. 

3.  For  Qui  no  vie  acid. — If  this  acid  is  present,  sulphate  of  copper  first  colours  the 
liquid  green  and  then  throws  down  a  precipitate,  which  when  collected  and  washed, 
has  a  bitter  metallic  taste.  Winckler  proposes  to  estimate*  the  relative  value  of  cin- 
chona barics  by  the  amount  of  quinovic  acid  thus  precipitated,  inasmach  as  the  bitter- 
ness of  a  bark  depends  partly  (and  in  the  case  of  the  false  barks,  exclusively)  on  the 
presence  of  quinovic  acid. 

4.  For  Quinic  acid. — This  acid  distilled  vntiisulpkuine  aoid  and  peroxide  of  num- 
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ganrse,  yieldii  a  diBtiUate  of  qninone,  which  is  a  yellow  crystallimble  subsUnee,  haring 
a  pungent  odour,  and  soluble  in  water.  The  aqueous  solution  mixed  with  ammonitt, 
absorbs  oxygen  from  the  air,  and  assumes,  first  a  brown,  then  a  black  colour ;  a  re> 
action  which  will  indicate  the  presence  of  yeiy  small  quantities  of  quinic  acid.  Chlo- 
rine-water changes  the  colour  of  the  aqueous  solution  of  quinone  from  yellow  to  bright 
green.  The  formation  of  quinone  in  this  manner  is  proposed  by  Stenhouse  (Menx. 
Chem.  Soc  ii.  226),  as  a  means  of  distinguishing  between  true  and  false  cinchona 
barks,  the  former  alone  containing  quinic  acid.  According  to  other  authorities,  how- 
ever (p.  964),  this  acid  is  likewise  present  in  some  of  the  false  cinchonas. 
For  the  quantitative  egtimation  of  the  alkaloids,  the  following  methods  may  be  used. 

1.  One  drachm  of  the  finely  powdered  bark  is  to  be  boiled  for  a  few  minutes  with 
an  ounce  of  water  and  half  a  drachm  of  strong  acetic  acid ;  the  liquid  filtered  ofil;  the 
residue  boiled  with  a  little  dilute  acetic  acid ;  the  liquid  again  filtered  off,  and  the 
powder  washed ;  the  whole  of  the  liquid  evaporated  to  dryness  on  a  water-bath ;  and 
the  extract  di<«solved  in  a  little  water  and  again  evaporated,  to  expel  all  the  free  acetio 
acid.  The  residue  is  then  to  be  treated  with  absolute  alcohol  and  blood-charooal ; 
the  colourless  solution  filtered  off,  and  the  residue  exhausted  with  alcohol.  To  this  so> 
lution  a  few  drops  of  hydrochloric  acid  are  to  be  added,  and  next  a  solution  of  chloride 
of  platinum  as  long  as  it  causes  turbidity;  and  the  precipitate  of  chloroplatinate  of 
quinine  and  cinchonine  transferred  to  a  weighed  filter,  washed  with  alcohol,  dried  and 
weighed.  The  platinum-salt  of  quinine  contains  44*3  per  cent  of  that  base;  the  cin- 
chonine-salt  43  per  cent  of  dnchonine :  hence  the  proportion  of  the  two  alkaloids  may 
be  found  by  the  method  of  indirect  analysis  (p.  224)  (Duf  los).  The  alkaloids  might 
also  be  precipitated  by  tannic  acid  and  infusion  of  gaJl-nuts. 

2.  Fifty  grains  of  the  ptdrerisedbark  is  treated  with  a  b'ttle  diluted  hydrochloric  acid ; 
the  liquid  filtered,  and  the  residue  washed  with  a  mixture  of  alcohol  and  a  few  drops 
of  the  same  acid.  The  dark  brown  solution  is  then  mixed  with  a  little  powder  of  hy- 
drate of  lime,  so  as  nearly  to  decolorise  it,  and  the  predpitate, being  thrown  on  a  filter, 
is  washed  with  alcohol  The  liquid  contains  the  organic  bases  in  the  free  state.  It  is 
to  be  neutralised  with  hvdrochloric  acid,  diluted  with  water,  and  freed  from  iflcbho] 
by  evaporation.  VHien  it  is  reduced  to  two  or  three  drachms  measure,  the  bases  are 
to  be  thrown  down  with  solution  of  caustic  ammonia ;  and  the  precipitate  is  to  be  filtered, 
washed  with  cold  water,  dried,  and  weighed.  By  digestmg  it  with  ether,  the  quinine 
is  dissolved,  and  the  cinchonine  remains  behind. 

As  the  alcoholic  solution  of  the  bases  thrown  down  by  the  alkali  is  often  rather 
strongly  coloured,  and  requires  to  be  decolorised  by  animal  charcoal,  alum,  protochloride 
of  tin,  or  hydrate  of  lead,  which  occasions  loss,  Thibouwery  extracts  the  alkaloids 
from  the  precipitate  by  oil  of  turpentine,  or  other  non-oxygenated  oil,  and  Rabourdin 
effects  the  solution  by  means  of  chloroform.  The  same  object  is  attained,  according  to 
BHdoUier  and  Scharlan,  by  subjecting  the  bark,  beforo  treating  it  with  acidulated 
water,  to  the  action  of  dilute  potash,  which  removes  the  tannic  acid  and  the  cinchona- 
red. 

3.  A  quarter  of  a  pound  of  the  coarsely  powdered  bark  is  boiled  for  half  aa  hour 
with  very  dilute  hydrochloric  acid ;  this  operation  is  repeated  on  the  filtered  residue;  the 
final  residue  is  washed  with  water ;  the  whole  of  the  liquors  evaporated  to  dryness  over 
the  water-bath ;  and  the  extract  redissolved  in  faintly  acidulated  water,  on  the  bath. 
Much  of  the  cinchona-red  will  remain  undissolved.  The  filtrate  is  to  be  concentrated 
to  a  small  bulk,  its  bases  precipitated  by  ammonia,  and  the  mixture  drained  and  washed 
with  cold  water  on  a  weighed  filter.  The  quinine  and  cinchonine  may  then  be  sep^ 
rated  and  determined,  as  above,  by  means  of  ether. 

4.  An  ounce  of  the  pulverised  bark  is  digested  with  five  ounces  of  water  containing 
hydrochloric  acid  (IJ  drachm  of  acid  to  a  pint  of  water);  the  extract  is  pressed  through 
linen,  the  operation  being  repeated  three  times  with  each  four  ounces  of  the  acidulated 
water ;  the  extracts  are  then  evaporated  on  the  water-bath  to  six  ounces,  and  the  residue 
washed.  From  this  solution,  the  alkaloids  are  precipitated  by  soda-ley.  till  an  alkaline 
reaction  is  produced ;  the  liquid  is  then  supersaturated  with  acetic  acid;  and  aft«r  the 
cinchona-rod  has  separated,  the  nearly  limpid  liquid  is  to  bo  filtered.  The  filtraf^e 
is  again  precipitated  with  soda-ley ;  the  precipitate  left  to  settle  for  a  dav ;  the  clear 
liquid  decanted ;  the  precipitate  collected  on  a  small  filter,  and  left  to  drain  well ;  the 
still  moist  filter, with  the  precipitate.repeatedJy  shaken  up  with  chloroform ;  the  dear 
chloroform  containing  the  alkaloids  poured  into  a  tared  capsule;  the  operation  re- 
peated three  times,  with  fresh  chloroform ;  and  the  liquid  left  to  evaporate  in  the  cap* 
snle :  the  net  weight  gives  the  total  amount  of  the  alkaloids.  The  quinine  may  then 
be  completely  dissolved  out  by  ether,  the  residue  in  the  capsule  consisting  wholly  of 
cinchonine,  which  may  be  weighed.  In  this  manner  the  relative  quantities  of  the  two 
bases  are  deteimined. 

A  ciystalline  deposit  in  the  amber-like  mass  of  quinine,  !ndicsit«e  the  p^^^Moce  c^ 
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nlluJoTilB.     To  BCparalfl  eiQrlioii 
iiw*  ui  15  diopa  of  rlilnte  ^n1(ihi 

ethsr  and  30  drope  of  ammonia :  the  quinine  will  then  disaolTC,  leaving:  the 
line,  prorided  tht  qnaatitj  of  tlie  latter  id  not  ]eaa  than  10  prr  cent.  Smsller 
■  mar  be  leparmted  bj  rarang  of  ether  already  utarated  with  einchQDidine, 
ill  atiU  diasolTe quiaina    (Zimmer.) 

line  may  b«  aeparat^  (ram  quinine  bj  the  greit^r  lolabilitj  of  ita  oxalate  ia 
sr ;  on  treating  a  Botntion  of  quinine  with  oxalute  of  ammontnm,  the  quinine 
.  wholly  precipiUted  at  oinlate.  whilst  the  qui ni (line-salt  remains  diiaolved. 
Uiwing  table  (p.  0881  pxhitjita  the  proportiona  of  the  alkaloids  eontainei!  id  dif- 
icbons-barka.  The  detemiinatioiis  must  not  however  be  regarded  as  Tery  exact, 
•cause  llie  barks  known  in  commeree  by  the  avveral  mimes  in  the  table  are 
aixturrs  of  different  lorte,  partly  also  because  different  methods  ot  analyaia 
'e  different  results.  According  to  Wittstock,  the  preeipituliou  of  the  baraa 
acid  eitnct  of  the  bark  by  alkalis,  ia  not  complete,  inasmuch  aa  a  somewhat 
ible  precipitate  may  ollerwards  be  obtained  with  tannic  acid.  Moreover,  tlia 
tea  which  contain  the  colouring  matter  always  retain  b  certain  portion  of  the 
I,  and  charcoal,  if  osed  to  decolorise  the  extract,  carries  down  nearly  the  whole 
iwa ;  lastly,  the  separation  of  quinine  from  dnchonine  by  etlier  is  by  no  meana 


Babks. 

£V«W, 

Ooik^ 

^fr. 

rii»ni. 

^""™ 

•ja- 

0-W4 

S-TDI 

o»w 

0-IOI> 

»^ 

tfM* 

o-ias 

<?HJ 

n-€M 

'tS 

"" 

TS 

e  bark  of  Cinehima  Caliiai/a.  cultiratcd  in  Java.  De  Try  found  ordinaiy 
cryatollisahlB  qninine,  qoinidine,  cinchonine,  and  quinoric  add.  The  Btem- 
la  found  to  contain  3'90  per  cent,  of  quinine  and  quinidiiie;  the  root-bark 
'  the  crude  alkaloids;  the  root-wood  0'06,  chiefly  cinchonine;  the  atem-wood 
inine  and  cinchonine ;  the  young  branches  scarcely  a  trace  of  alkaloids ;  the 
one.  Quinoric  add  was  found  more  abundantly  in  the  wood  than  in  the  burk; 
Mt  quantity  in  the  root-wood,  and  least  in  (he  leaves.  The  bark  of  Ci'tiehona 
Wto?yieldedonlyO'tp«rceni.nfcnidea!kaloid8.  (Hnodw.  d.Chem.ii.  [21871.) 
CHOVJL-SSS.  A  constituent  of  dnchona  bark,  produced  from  qaino- 
cid  by  a tmonph eric  oiidntion.  It  may  be  eitractetl  by  boiling  the  bark  with 
reating  the  rexidae  with  ammonia,  and  precipitating  the  ammoniucol  Gltrnta 
Irochloric  acid,  woahing  the  resulting  precipitate  of  quinoiic  acid  and  ciuchonu- 
i  boiling  it  with  thin  milk  of  lime :  quinovate  of  calcium  then  disMlTPB,  and 
i-red  rtmains  undiasolyed  in  combination  itithlirae.  The  residue,  after  being 
with  water,  ia  treated  with  hydrochloric  add ;  then  washed  wain,  dissolved  in 
a,  and  reprecipilaled  by  bydroehloric  add;  dissolved  in  alcohol,  after  another 
li  washing;  and  the  flltrale  evaporated  to  ilryneaa  over  the  watecbath. 
iri,  Ann.  Ch.  Pharm.  Ira.  332.) 

ooa-red  is  an  amorphous,  chocolate-coloored  or  red-brown,  nearly  black  mass, 
nsoluble  in  wat*r,  easily  soluble,  with  red.brown  colonr.  in  alcohol,  ether,  and 
Ijee,  also  iu  strong  acetic  acid.  It  is  decomposed  by  heat,  giving  off  copious 
PS.  and  yielding  by  diy  distillation,  an  erapyreumatic  oil,  pyrngallic  acid,  and 
re,  volatilp,  carmine-colnurcd.  aromatic  anbs lance,  insoluble  in  water,  bnt  soluble 
.1,  ether,  and  alkaline  liquid*.  (Boissenot,  J.  Pliann.  [31  iiv.  1B9.) 
....  ,  .    ~„ ..      .    «  .  ".fRtc- 
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CINCHONA-TANNIC  ACID  —  CINCHONIDINE.        971 

:SOXA<TAVKZO  ACZD.     Sjn.  with  Qi.iHOTUcinci  Acn>. 
IBOMMTXMB.    A  product  of  the  dccompoaitioa  of  dDcbooine  bj  perozida 
p.  97*). 
movzom.    C"H"NK).    (Faitunr,  CompLnnd.  ixxrii.  II9i  Chnn, 

J.  vi.  273.) — Ad  alluloid  iiomeric  with  ciuctionine,  and  pcodaeed  from  it 
le  inflaence  of  h^aL  Aaj  salt  of  cinchoTiiDO  may  be  truuformed  into  the 
adisg  cincbonidDi-aalt  b;  heKt ;  hot  to  make  ths  tnuufamulion  complete  and 
[lecoropontioD,  the  hwt  mtut  be  moderate  and  the  salt  maet  be  kept  for  some 
>  reeinoua  state.  The  chaoge  takes  pUce  most  eanly  with  the  anlphal*,  which, 
ixed  with  a  small  quaotitj  of  water  and  sulphuric  acid,  remains  melted  at  a 
derate  heat,  even  after  all  the  water  has  been  expelled,  and  if  kept  in  this 
r  three  or  four  houn  between  120°  and  130°  C,  is  completely  eoDvertefl  into 
!  of  dncbonieine.  Pasteur  is  of  opinion  that  the  reiinoua  slate  of  the  fused 
I  ia  raaential  to  the  molecular  transformation  which  takes  place.  The  bane 
■aparated  from  the  sulphate  by  precipitation  with  an  alkali, 
onicine  is  nearly  inaoluble  in  water,  but  very  soluble  ia  alcohol,  whether  anhy- 
'  of  ordinary  strength.  It  is  rery  bitter,  and  is  precipitated  &T>m  its  eolutiona  m 
1  of  a  hq aid  resin.  It  deQects  the  plane  of  polariaation  to  the  right  It  unilei 
ithcarboaieacid,  and  Hcporata  ammooia  from  ita  aalts  at  ordinary  tempera  turee. 
.aes  febrifuge  properties.  It  is  distinguished  from  cinchonidine  by  its  action  OD 
d  light,  and  by  not  being  erystaUiaable ;  from  dnchoniiie  also  by  the  latlei 
r,  anil  by  its  much  greater  solnbllity  in  alcohol,  and  greater  bittemeaB. 
CKOXX9XWX.  C»H"H'0.  or  C"H"N'OP  (Winckler.  Eepert.  Pharm. 
iiL  384;  xlii.  l.—Leers,   Ann.  CL  Phanu.  liiii.  H7.— Pistenr,  Compt 

Liri.  10;  ixirii.110;  Chem.  Soc  Qu.  J.  vi.  276 Bussy  and   Ouibourt, 

ra.  m  uii.  401.)— This  alkaloid  was  diBCOTet«d  by  Wintrier  in  a  bark  n- 
g  the  Hnamaliea  ciccbona-bark,  also  in  that  of  Maracaibo.  It  has  likewii-a 
md,  accompanied  by  a  small  quantity  of  quinine,  in  the  Bogota  cinchona-biirk 
.    According  to  Pasteur,  it  is  isomeric  with  dnchonine,  (C"H"N'0).    The 

chemists  gpaerallr  give  it  the  name  of  quinidini. 
'.ratiim. — Cinchonidine  is  extracted  from  the  barks  by  the  same  processea  aa 

and  cincbonine  (pp.  S6S,  S71),  and  purified  by  erystaltising  it  BeTend  times 
Kihol  of  SO  par  cent,  till  the  solution  no  longer  depoaits  any  resinous  matter  by 
sous  evaporation ;  then  reducing  the  crystals  to  Bne  powder;  agitating  with  etbei 
powder  no  longer  exhibits  with  chlorine-water  and  ammonia,  the  peculiar  green 
g  produced  by  qnininq  and  quinidine ;  and  finally,  recrystallising  from  alcohol 
3  Zimmer's  metnod  of  separation,  p.  Wl.) 

Ttir-i. —  Cinchonidine  aeparates  from  Its  alooholic  solution  by  slow  ersporation 
irooB  rhombic  prisms,  of  91°,  hard,  with  vitreous  lustre,  and  hanng  their  faces 
Eriated-  The  same  striseare  obeerred  on  the  Aices  which  replace  the  obtuse  ed^iei 
(rism,  and  the  crystals  cleave  perfectly  in  the  direclioo  of  thwe  facea.  The 
t  modified  by  two  brilliant  tacea,  It'co  inclined  at  an  angle  of  114°  30',  and 
}n  the  acute  edges.  The  cryatala  are  easily  redaced  to  a  perfectly  white  pow- 
Ich  becomes  electric  by  friction.  Thej  do  not  taste  so  bitter  as  quinine, 
onidine  is  very  sparingly  soluble  in  water,  1  pt.  of  it  diasolving  in  2180  ptl,  of 
;  17''C„and  in  1808  pis.  at  1IJ0°.  It  dissolves  in  12  pts.  of  ahwholofsp.gr. 
.  17°  ;  ether  dissolveB  but  little  of  it,  tOO  pts.  of  the  solution  coDtaining  only 
.  of  cinchonidine.  (Leera) 
itioD  of  cinchonidine  in  absolute  alcohol  at  13°  C,  deflects  the  plane  of  polari- 

faray  of  light  strongly  to  the  left;  M 144-81°.    (Pasteur.) 

ding  la  the  analvBes  of  Leers,  cinchonidine  contains  from  7640  to  76'BB  per 
■bon,  770 — 781  hydrogen,  and  9*99  nitrogen,  whence  Leers  deduced  the  for- 
•H^JPO,  requiring  7660  per  cent  C,  780  H,  and  9-93  S,  whereaa  the  formuhi 
ODJne.  C"H"N=0,  requires  77*9  C,  779  H,  and  9-09  N.     Nevertheless,  Pasteur 

cinchonidine  as  isomeric  with  cinchonine.  inasmuch  as  it  is  transformed  into 
[cine  by  heat,  without  alteration  of  weight,  in  the  same  manner  as  cicehonine. 
tpoiilioni.  — Cinchonidine  melts  at  17S°  C,  and  sohdifiea  in  a  crystalline  maai 
og.  When  strongly  healed  in  contact  with  the  air,  it  bums  with  a  smoky  flame, 
iff  an  odoar  like  that  of  bltter-ahnonds  or  qninine,  and  leaving  a  considerable 
'  of  charcoal.  Distilled  with  hydrate  of  potassinm  and  a  small  quantity  of 
t  yields  the  same  mixture  of  volatile  bases  as  cincbonine  (p.  869).     When 

in  fine  powder  throngh  chlorine-water,  it  dissolves  without  perceptible  chaogt^ 
er  addition  of  arnmonia, 

lercial  cinchonidine  is  oflen  contaminated  with  quinidine.  the  presence  of 
lay  be  detected  either  by  the  green  colouring  produced  by  chlorine  and  am- 
ir by  eipnnir.g  the  recently  deposited  crj-stals  to  the  air ;  the  ciystjils  of  qui- 
hen  effloresce  vithont  losing  their  form,  assuming  a  doU  white  appeanuKC^ 
e  cryBlaU  of  cinchoniiUne  tclaiii  their  trira-pKnni,jr. 


972  CINCHONIDINE. 

The  Salts  0/ Ci«<?4o«trff»«?  are  for  the  most  part  more  iolnble  in  water  th«i  those 
of  quinine ;  they  are  very  soluble  in  alcohol,  but  nearly  inaolnble  in  ether.  The 
aqueous  solution  yields  with  alkaltM  and  their  carhomaUs^  white  pulremlent  predpi- 
Utes,  which  become  crystalline  when  left  at  rest ;  and  are  insoluble  in  exoeas  of  the 
reagent  With  phosphate  of  sodium,  mereurie  chhridSf  and  nitrate  of  silver,  ther 
produce  white  precipitates ;  light  yellow  with  chloride  of  ffold,  orange-yellow  wim 
tetrachloride  qf  platinum,  and  brown  with  chloride  of  palladium.  With  sulphocyaiuMU 
of  ammonium  tney  yield  a  white,  and  with  tannin  a  dirty  yellow  T»reoipitHte- 

Htdrochlobates  op  CiNCHONiDnra.— The  neutral  salt,  C**H''*NK).HC1  (at  100®  C.X 
forms  large  rhomboidal  prisms,  having  a  vitreous  lustre,  soluble  in  27  pts.  of  water  st 
17®  C,  very  soluble  in  alcohol,  nearly  insoluble  in  ether. 


AnalffttM  {meaM)» 

At  100°  C. 

CaleuUUtim. 
Leeri.                                    CS«rltardt. 

C»*H«NH).Ha.aq.          C»H"NK).Ha. 

Carbon  . 
Hydrogen       , 
Chlorine 

64-34 

M7 

10*06 

6419 

718 

10-64 

69-67 

6-97 

10-31 

The  acid  salt,  CH'^N'O.HCI  +  aq.,  forms  Urge  crystals,  very  soluble  in  water  and 
in  alcohol;  alter  drying  over  oil  of  vitriol,  they  give  off  6*8  per  cent,  water;  the  cal- 
culated quantity  for  1  at  is  6-1,  according  to  Lmtb'  formula ;  4*6  according  to  that 
proposed  by  Gerhardt 


Lwrt. 
At  100®  C. 

CtileuUUiim» 
C"H«N«0.2HCL           C»H"N»O.HCL 

Carbon  .        . 
Hydrogen 
Chlorine         • 

68-30 

712 

18-98 

67-93 

6-97 
18-99 

63-32 

633 

18-73 

Chloromercurate  of  Cinchonidine,  C>*H<'NK).2HCl.HgCi*,  ciystallises  in 
shining  nacreous  scales,  sparingly  soluble  in  cold  water.  Analysis  gave  34*77  per 
cent.  C,  4-01  H,  31-9  Hg,  and  2246  CI,  agreeing  nearly  with  C'»H«N»0.2HCl.HgCl*. 
which  requires  34-62  C,  3-83  H,  3197  Hg,  and  2263  CI.  The  formuk  C*"H^*N«0. 
2HCl.HgCl«  would  require  8o-8  C,  3-51  H,  298  Hg,  and  21-18  CI. 

The  chloroplatinate,  2(C«'H*«N^0.HCl).PtCl'?  is  an  orange-coloured  predpiUte, 
containing  at  110°  C.  from  27*05  to  27*17  per  cent  platinum,  whence  Leers  deduces 
the  formula  2(C'"H«N»0.HCl).PtCl«  =  2aq.,  requiring  27*04  per  cent  Pt,  whence 
Gerhaidt  proposes  2(C«»H"N20.HCl).PtCl*,  which  requires  27*36  per  cent  It  is  not 
probable  that  the  salt  should  retain  2  at  of  water  at  1 10°  C. 

CnLORATB  OF  CiNCHoMDiNB,  obtained  by  decomposing  the  neutral  sulphate*  witli 
chlorate  of  potassium,  crystallises  from  alcohol  in  long  silky  prisms,  frrouped  in  tufU. 
It  melts  at  a  gentle  beat  and  decomposes  with  loud  explosion  at  a  higher  temperatnre. 

Htdrotluatb  of  CiNCHONiDiNii  fonus  silky  needles,  very  soluble  in  water. 

Htposulphite  of  CixcHONrDiKB,  obtained  by  precipitating  the  neutral  sulpliata 
with  hyposulphite  of  sodium,  crystallises  on  cooling,  in  long  asbestos-like  needles. 
sparingly  soluble  in  water,  easily  in  alcohoL 

NiTRATB  OP  Ci>XHONiDiNK  IS  obtained  in  mammellated  crusts,  having  the  appear* 
ance  of  enamel,  and  very  soluble  in  water. 

Sulphates  of  CiNCHONiDmB.— The  neutral  salt,  2C^H«*N'0.H«S0*  (at  100^  C.\ 
cr^'st^Hses  in  long  silky  needles  grouped  in  stars,  neutml  to  test-paper.  One  pt  of 
the  salt  dissolves  in  130  pts.  water  at  17°  C,  and  in  16  pts.  at  100° ;  it  is  very  Holuble 
in  alcohol,  nearly  insoluble  in  ether  (Leers);  it  dissolves  at  mean  temperatures  in 
30—32  pts.  absolute  alcohol,  and  in  7  pts.  alcohol  of  90  per  cent  (Bussy  and 
Guibourt.) 

Anaiyiit  {mran)^  CaietUatfon, 

LerTi.  L«ert.  O^rhaHt. 

At  100°  C.  2C»H«NK).H*S0<  2C^H«N«0.H*S0« 
64-75                                     65-26  67*20 

705  6-95  6-72 

1201  12*08  11*20 

The  acid  sulphate  is  obtained  by  evaporation  in  vacuo,  as  a  crystalline  mass  com- 
posed of  shining  asbestos-like  needles. 

Sulphate  of  lodocinchonidine,  —  Cinchonidine  forms  with  iodine  and  sul- 
phuric add,  a  crystalline  salt,  which  acts  upon  light  in  the  same  manner  as  the  oorrs- 
sponding  siilts  of  quinine  and  cinehonine,  also  two  other  salts,  one  yellow  and  the 
other  olive-green,  which  do  not  exhibit  these  peculiar  optical  properties.  (W.  B.  Hera- 
path,  Chem.  iSoL*.  Qu.  J   xi.  130.) 
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Acetate  of  Cinehonidtne  cpystolliseB  in  long  silky  needles,  which  are  very 
■paringly  soluble  in  cold  water,  and  give  off  part  of  their  acid  on  drying.  The  but  ji/ rate 
and  valerate  form  mammeliated  crusts,  having  the  odour  of  the  respective  acids. 

The  citrate  forms  small  needles,  having  but  little  lustre.  The  hippuratr  cz^'s- 
tallises  in  silky  needles,  having  the  aspect  of  fern-leaves,  very  soluble  in  water  and 
alcohol.  The  oxalate  separates  on  cooling  in  long  silky  needles,  from  a  mixture  of 
the  hot  alcoholic  solutions  of  oxalic  acid  and  cinchonidine.  The  mother-liquor  depo- 
aita  by  spontaneous  evaporation,  dull  white,  mammeliated  crusts.  The  quinate  crys-. 
tallisea  in  small  needles,  very  soluble  in  water  and  in  alcohol.  The  neutral  tartrate 
forms  beautiM  needles,  having  a  vitreous  lustre.  The  acid  tartrate  forms  small 
nacreous  needles,  veiy  sparingly  soluble  in  water. 

MaTHTL-ciNCHONiDiNE,  C'»H"(CH»)NK), or  C«»H»(C1I«)N20 ?  (Stahlschmidt, 
Ann.  Ch.  Pharm.  xc.  218.)     The  hi/driodate  of  this  base  is  obt^iined  by  tlio  action  of 
iodide  of  methyl  on  cinchonidine.     It  crjstallisos  in  colourless  shining  needles,  con 
tainiug: 

By  Annlysis,  By  (kUeutation. 

At  100°  C.  C'»H«'(CII»)NK).HI  C»H»(CH«)N»O.HI 
Carbon  .        .            6387                            63*76  661 

Hydrogen       .  692  6-89  60 

Iodine    .         .  29*84  29*87  28*0 

Oxide  of  silver  converts  it  into  a  basic  compound  resembling  methyl-cinchonine. 

CZVCBOVZVB.  C*H'^N«(),  or  C*»fP*N*(P. ^  (Fourcroy,  Ann.  Chim.  riii.  113; 
ix.  7. — Vauquelin,  f^/rf.  lix.  30,  148. — Gomez,  Edinb.  Med.  and  Surg.  Journal,  1811, 
Oct.  p.  420— Pfaff,  Schw.  J.  x.  365.— Pelletier  and  Caventou,  Ann.  Uh.  Phys. 
XT.  291,  337. — Pelletier  and  Dumas,  ibid.  xxiv.  169. — Liebig,  Ann.  Ch.  Pharm. 
xxvi.  49. — Regnault,  Ann.  Ch.  Phys.  IxviiL  113. — Gerhardt,  Rev.  scient.  x,  886; 
2'raiti,  iv.  106.— Laurent,  Ann.  Ch.  Phys.  [3]  xix.  363. — Strecker,  Compt  rend, 
zxxix.  68.) 

Thia  alkaloid  exists,  together  with  quinine,  in  most  of  the  true  cinchona-barks,  most 
abundantly  in  Cinchona  Huanoco^  C.  Huatnalice^  C.  rubiginoea^  and  C  flava  Jibroea. 
(See  table,  p.  968.) 

Prtparation. — All  methods  of  extracting  the  alkaloids  from  cinchona-barks  consist  in 
treating  the  bark  with  a  dilute  acid,  and  precipitating  the  alkaloids  from  the  acid  extract, 
vith  lime  or  carbonate  of  sodium.     The  general  mode  of  proceeding  is  as  follows  : 

The  bark,  reduced  to  powder,  is  boiled  for  an  hour  or  less  with  8  or  10  times  its 
weight  of  water,  acidulated  with  10  per  cent,  of  strong  sulphuric  acid,  or  better,  with 
25  per  cent,  of  hydrocliloric  acid ;  the  decoction  is  strained  through  a  cloth ;  and  the 
reaidue  is  boiled  a  second  and  sometimes  a  third  time^  with  more  and  more  dilute  acid 
till  the  marc  is  completely  exhausted.  The  extracts,  after  cooling,  are  mixed  with  a 
alight  excess  of  milk  of  lime,  added  by  small  portions,  to  pr«^ipitate  the  alkaloids  together 
with  the  colouring  matter.  The  precipitate  is  left  to  drain,  and  submitted  to  a  gradu- 
•Ut  increasing  pressure,  the  liquids  which  run  off  from  the  cloths  and  from  the  press 
being  collected  in  a  single  vessel ;  they  yield  after  a  while  a  fresh  deposit.  The  pressed 
cake  IB  now  dried,  and  niaceratod  with  alcohol  in  a  closed  ve^ei  heatctl  over  a  water- 
bath.  The  strength  of  the  alcohol  used  depends  upon  the  quality  of  the  bark  uud«T 
treatment  For  Calisaya  bark,  which  is  very  rich  in  quinine,  alcohol  of  76  to  80  pt»r 
eentw  is  sufficiently  strong ;  but  barks  which  contain  a  smaller  proportion  of  quinine, 
leqiiire  alcohol  of  86  to  90  per  cent.,  because  cinchonine  is  much  less  soluble  in  weak 
alcohol  than  quinine. 

If  the  bark  is  rich  in  cinchonine,  and  the  quantity  of  alcohol  used  is  not  too  large, 
the  cinchonine  is  deposited  in  the  crystalline  state  as  the  alcoholic  extracts  cool,  and 
an  additional  quantity  may  be  obtained  by  decanting  the  supernatant  liquid,  and  dis- 
tilling  off  half  or  two-thirds  of  the  alcohol.  The  quinine  remains  in  the  mother- 
liqiior  and  may  be  separated  in  the  form  of  sulphate.     (See  Quinine.) 

If  on  the  other  hand  the  bark  contains  more  quinine  tlian  cinchonine,  it  is  best  \o 
treat  the  alcoholic  extract  with  dilute  sulphuric  acid,  and  remove  the  alcohol  )>r 
distillation.  The  greater  part  of  the  sulphate  of  quinine  then  separates  in  a  crystal- 
line mass,  the  rest,  together  with  the  sulphate  of  cinchonine,  remaining  in  the  raother- 
iiqnor.  By  precipitating  the  two  alkaloids  with  carbonate  of  sodium,  redissolving  in 
muphuric  acid,  and  recrj-staUising,  a  furtlicr  peparation  may  be  effected ;  or  they  may 
be  precipitated  by  a  caustic  alkali,  and  separated  by  ether,  which  dissolves  the  quinine 
much  more  readily  than  the  cinchonine  (p.  966). 

Carbonate  of  sodium  is  a  better  precipitant  for  the  alkaloids  than  lime,  because  they 
are  soluble  to  a  slight  extent  in  lime-water  and  chloride  of  calcium. 

Oil  of  turpentine,  fixed  oils,  and  chloroform  may  be  used  instead  of  alcohol  for  dii- 
fiolTing  the  alkaloidB  from  the  crude  precipitate  thrown  down  by  lime  or  soda;  and 
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these  solvents  have  the  advantage  of  not  taking  up  so  much  of  the  colouring  matter  as 
alcohol  does  (p.  966) ;  bat  they  are  better  adapted  for  the  preparation  of  qoinine  than 
of  cinchonine,  which  is  but  sparingly  soluble  in  either  of  them.    (See  QunviirB.) 

Properties, — Cinchonine  deposited  by  slow  evaporation  of  its  alcoholic  solntioii, 
forms  colourless,  shining,  qua<mlateral  prisms  or  needles,  which  me  anhydrous.  It 
has  a  peculiar  bitter  taste,  which  however  is  slow  in  developing  itself  on  acoonnt  of 
the  sparing  solubility  of  the  substance.  It  is  insoluble  in  cold  water,  and  requires  for 
solution  2500  parts  of  boiling  water.  In  alcohol  it  is  much  less  soluble  than  quinine, 
the  solubility  increasing  however  with  the  strength  of  the  alcohol  and  the  t^mpemturp. 
According  to  Duflos,  strong  alcohol  dissolves  3  per  cent  of  its  weight  of  cinchonine. 
It  is  insoluble  in  ether,  sligntly  soluble  in  chloroform,  volatile  oils  and  fixed  oils. 

The  solutions  of  cinchonine  have  an  alkaline  reaction,  and  deflect  the  plane  of 
polarisation  of  a  luminous  rav  strongly  to  the  neht  An  alcoholic  solution  acidulated 
with  sulphuric  acid  gives  [a]  «■  +  190'i0® ;  aSds  produce  a  temporary  decrease  of 
the  rotatory  power.  Cinchonine  possesses  febrifuge  properties,  but  in  a  much  lower 
degree  than  quinine. 

The  following  are  the  mean  results  of  the  analyses  of  cinchonine  by  various  chemists. 

Calculattam.  Llebfg.  Regnault  Gerhardt.  Hluiwets.  Laurent. 

CO      .        .240              77-93  7686              7678              77«              77*97  77» 

H»*      .       .     84               7-79  7-37               769               7-98               778  7  68 

N«       .        .     28                909  8-87                945                  —                   —  — 

O                 .      16               6-19  7-40               6-08                 -.                  —  -, 

CWH«*N»0  M8  100^  100  00  10000 

Laurent  assigned  to  cinchonine  the  formula  C*''H''NK).  According  toSchutsen- 
berger  (Jahresber  f.  Chem.  1858,  p.  372),  the  name  cinchonine  is  applied  to  bases 
of  different  constitution ;  one  sample  which  he  analysed  yielded  numbera  agreeing  with 
the  formula  C"H«N«0'. 

Cinchonine  melts  at  165°  C.  formin|r  a  colourless  liquid,  which  becomes  ciystaJIine 
on  cooling ;  at  a  higher  temperature,  it  partly  sublimes,  exhaling  an  aromatic  odour. 
According  to  Hlasiwetz,  cinchonine  may  be  sublimed  in  hydrogen  or  ammonia  gas 
in  the  form  of  shining  prisms  more  than  an  inch  long.'  Heated  with  sulphuric  add 
and  peroxide  of  lead,  it  yields  a  red  substance,  cinchonetine,  which  has  not  been 
examined  (March and,  J.  Chim.  m^d.  x.  362).  Other  oxidising  agents,  e.g,  nitric 
acid,  permanganate  of  potassium,  and  a  mixture  of  sulphuric  acid  and  peroxide  of 
manganese,  do  not  exert  much  action  upon  it ;  neither  is  it  decomposed  in  a  definite 
manner  by  emulsin  (Hlasiwetz).  With  nitrous  acid^  it  forms  a  base  containing 
1  at.  oxygen  more  than  cinchonine,  and  isomeric  with  quinine,  hxtt.  approaching  more 
nearly  to  cinchonine  in  its  properties  (Schlitzenberger,  Jahresber.  f.  Chem.  1858, 
p.  371).  It  dissolves  in  fuming  sulphuric  acid,  yieldmg  sulpho-cinchonic  acid, 
whichforms  a  soluble  barium-salt,  C»H2*BaN^0.S0«  (Schlitzenberger.)  WitkchlO' 
rine  and  bromine^  it  forms  several  substitution-bases,  as  well  as  a  resinous  substanoe. 
With  chlorine  and  ammonia^  it  does  not  exhibit  the  green  colouring  which  is  charac- 
teristic of  quinine.  With  iodine  and  iodaUd  potassic  iodide  it  behaves  like  quinine. 
Distilled  with  hydrate  of  potassium^  it  yields  chinoline,  together  with  several  other 
volatile  bases  (p.  869). 

Beta-einchonine, — Schwabe  (J.  Pharm.  [3]  xxxviiL  389),  has  obtained  from 
commercial  quinoidine  (a  product  of  the  alteration  by  heat  of  quinine,  cinchonine,  &c. 
fbund  in  the  mother-liquors  of  the  preparation  of  sulphate  of  quinine),  an  alkaloid 
isomeric  with  cinchonine,  but  differing  £rom  it  in  many  properties.  This  3-cinchonine 
is  contained  in  the  portion  of  quinoi'dine  which  is  sparingly  soluble  in  alcohol ;  and  the 
sulphate  is  obtained  therefrom  by  dissolving  the  substance  in  dilate  add,  precipitating 
witn  ammonia,  treating  the  washed  precipitate  with  cold  alcohol  of  specific  gravity  0*845, 
again  dissolving  it  in  dilute  sulphuric  acid,  and  crystallising.  The  base  separated 
from  the  sulphate  crystallises  from  boiling  alcohol  by  spontaneous  evaporation  in 
rhombic  combinations,  ooP.  odI^  oo.  oP  (  ooP  :  ooP  a  119°).  The  crystallised  as 
well  as  the  precipitated  base  is  anhydrous,  and  melts  at  150°  C.  3-cinchonine  is 
more  soluble  in  water,  alcohol,  ether,  and  chloroform  than  ordinaiy  a-cinchonine. 
The  following  table  sives  the  quantities  of  these  several  solvents  required  to  dissolve 
X  pt.  of  a  and  fi  cinchonine,  as  determined  by  Schwabe. 

m-Cimchonine.  fi^Gmekomnt, 

Water,  cold insoluble  insoluble 

Water,  hot 2500  scarcely  solaUe 

Alcohol,  cold          .        .        .        .  _  173 

Alcohol,  hot 30  43 

Ether insoluble  378 

Chlorofonn 40  268 
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ilrohoUc  loliitioii  of  fl-cinuIinniDP  is  dpTtro-roUtoiy. 

ichoDme  is  precipitated  white  from  the  solutions  of  its  salt!  by  G&nslie  or  ear 
i  iillialiB,  ihr  precipitate  beiog  somewliat  Rolable  in  eicaw  of  the  reagent,  ani 
'laiag  when  ahukta  ap  with  ether.  A  aolutjoo  of  the  bas«  coDtaining  taitari 
not  precipitated  by  acid  cnrboEale  of  BOdinm.  A  neutral  Boiution  of  the  Eul 
niied  with  ehloriiie-watec  and  then  carefully  with  auunoma,  exhibits  a  yetlon 
With  famH^anide  of  potasainm  and  chlorine,  a  red  wloDring  is  produced 
!  green  on  addition  of  amiaoaia.  Quiniiie-solatioDi  thna  treated,  exhibit  a  dari 
OUT ;  ordiaaiy  cinchonine  and  quinidine,  wine-jellow. 

ti  of  Cinchonine,  —  Cinchonine  dinBolvea  readily  in  adda.  The  aalta  ar 
tnd  are  very  much  like  the  corresponding  aalt«  of  qnimiie.  bat  for  the  most  par 
lolnble  in  vat^r  and  in  aleohol.  Ordinaiy  cinehoninB  fomu  both  acid  Uu 
I  aalta  ;  B-cinchonino  apparently  only  neutral  aalls. 

iktn  of  CiscHONnn A  solution  of  cinchonine  in  acetic  avid  always  exhibit 

1  reaction,  however  great  may  be  the  eiceBO  of  cincboniue  contained  in  it ;  ba 
entrated  by  heat,  it  deposits  on  cooling,  small  sparingly  soluble  oystHls.  whici 
i  no  acid  reaction  sifer  washing.  If  the  liquid  be  slowly  evuporsted  to  drynesp 
ny  mas*  is  obtained,  which  is  decomposed  by  water  into  on  acid  salt  whicI 
ea  and  a  neatral  salt  which  remain!  at  the  bottom.    (Pelletier  and  Cs 

(ofeD/fl-CineAoniHt  fomu  right-angled  fbor-Bidedpnams,  like  thote  of  thi 

le  and  hydrochlorate.    (Schwabs.) 

ivaTB  of  dHCHONiira. — Teiy  soluble;  difficult  to  dystalliae. 

BotixTM  OF  CiHosoHim.  —  Cinchonlue  dissolTes  In  aqueous  carbonic  add  mor 

than  in  pure  water ;  but  the  solution  doea  not  yield  a  ciystalliaed  carbonate. 

DUTSof  CracROHc™,  C"H"N'O.HaO'.— White  bulky  crystalline  tufts;  melt 

ntle  heat,  and  decompoaea  with  explosion  at  a  higher  temperature.  (Serullaa. 

□lUTX  OF  CiMCHONiMB.— Obtained  as  a  yellow  amorphous  precipitate,  adherin; 

glaas,  bat  becoming  crystalline  after  a  while  when  a  solution  of  anlphate  o 
line  is  mixed  with  acid  ehiomate  of  potaaiinm.  It  is  decomposed  by  water  am 
.    (Eldarhorst) 

mKATB  OF  Cntcamnxt.  —  A  solution  of  cinchonine  in  a  boiling  satunted  so 
of  cyanuric  acid  deposits  rfaoniboidat  prisms,  sparingly  soluble  in  water,  inso 
a  alcohol  and  ether.  The  salt  gives  off  IT'79  per  cent,  wnler  at  100°  C;  aai 
waes  at  200°  exhaling  an  odour  of  bitter  almonds.  (Elderhorst.) 
icTAMAn  OF  CDtcfloNiBB,  2(C"H»N'0.3HCj)Fe'Cy»  +  laq.~ Orange-yellow 
ate,  obtained  by  mixing  the  nqaeons  solutions  of  hydrochlorate  of  cim^onio* 
Hi^nide  of  potassinia.    After  drying  in  the  air,  it  undergoes  no  alteration  at 

(DollfUB,Aiin.  Ch.  Fharm.  lir.  224.) 
ocToaiTi  OF  CmooMiiCB,  C"H»N'0,«HCyJ'eCy'  +  2aq. — Lemon-yellow  pre- 

produced  on  mixing  the  alcoholic  solutions  of  cinchonine  and  ferrocyanic  acid, 
ly  sparingly  soluble  in  olchol,  and  when  heated,  either  alone,  or  with  water,  is 
Med,  yielding  hydrocyanic  acid  ond  a  blue  residue  (Dollfns).     Ferrocs- 
of  $<iitchiinine  is  sparingly  soluble  and  crystalliaable.    (Scbwabe.) 
[aT>  OF  CtHCHOimia.  —  Veiy  soluble ;   crystallisea  &om  a  aympy  solution  in 

otajmiTBOr  CmCHoinm,— Yellowish- while  powder,  very  little  soluble  in  cold, 
luble  in  boiling  water,  whence  it  separates  in  transparent  grains  on  cooling. 
inuri  or  CincBONiMB. — UncrystalliBsbte. 

locHLOHiTB  OF  CiMCHOBEfl.— TheneKfro  /  »a/(,  C»H"N'0.HC1,  obtained  by 
saturating  clnebonine  with  weak  hydrochloric  acid;  crysIaUises  in  transparent 
rbomboidsl  prisma;  melts  at  lua°C. :  dissolves  easily  in  water  and  in  alcoho!, 
insoluble  in  ether.  The  aqueous  solution  possesses  dextro-rotatory  power; 
139-50°  (Bouchardat).  When  subjected  to  electrolysis,  it  yields  chloro- 
ine,  together  with  chlorine,  oxygen,  snd  hydrogen.  (Babo.) 
roehlorate  of  fl-ctncAontnt,  C=*H"N'0.HC1  *  2»q.,  crystallises  apparently 
bic  combiastioDB,  ibP.  oI'od  .  oF.  in  which  mF;  <i>F-12e}°.  Itdissolvea 
a.  of  cold,  3-2  pts.  of  hot  water ;  in  1  pt.  of  cold,  J  pt.  of  boiling  alcohol,  and 
its.  of  ether. 

■  hydrochtarati  of  einehonirtr,  C"H"N'0.aHa,  is  produced  by  exposing 
Ine  to  hydrochloric  acid  gas,  and  is  obtained  oystsllised  by  pouring  a  alight 
if  the  acid  on  cinchonine,  and  dissolving  the  prodnctin  a  mixture  of  water  Mid 
The  solution  left  to  evaporate  vety  slowly  in  on  nnclosed  bottle,  depodta 
ell-deflned  rhombic  tabular  oystals.  having  the  acute  angles  Izimeatad, 
»P  -  101°;  tot  :  op  o  137  to  138".  It  is  very  soluble  in  water,  ntW 
ilcohol :  reddens  litmus.    The  solution  is  dsxtro-rotalory. 
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Chlorine  passed  into  a  Bolution  of  this  salt,  forms  a  deposit  of  acid  hydrochlonte 
of  dichlorocinchonine. 

Chlorom^rouratet  C'*H**N»0.2HCl.HgCR — On  mixing  a  solution  of  dschonine 
in  strong  alcohol  containing  hydrochloric  acid  with  a  solution  of  mercuric  chloride  also 
in  strong  alcohol,  the  mixture  solidifies  after  a  while  to  a  mass  of  small  needles,  nearly 
insoluble  in  cold  water,  ordinary  alcohol,  and  ether,  moderately  soluble  in  boiling 
water,  and  in  warm  alcohol,  easily  soluble  in  strong  hydrochloric  acid.  The  salt  may 
be  dried  at  100°  C.  without  alteration. 

Chloroplatinate,  C*H««N*0.2HaJ*tCl<.— Light  yellow  prpcipiute,  obtained  by 
adding  tetrachloride  of  platinum  to  a  solution  of  acid  hydrochlowte  of  cinchoniDe. 
With  an  alcoholic  solution  of  cinchonine  containing  hydrochloric  acid,  the  precipitate 
is  crystalline  and  nearly  white,  and  dissolves  after  prolonged  boiling  with  waUr,  the 
solution  as  it  boils,  depositing,  first  a  whitinh  pulverulent  precipitate,  afterwards 
beautiful  crystals  of  a  deep  orange  colour.  The  salt  contains,  according  to  Hlasiwetx, 
831  per  cent.  C,  3-6  H,  and  27*36  Pt,  the  formula  requiring  33*0  C,  33  H,  and  27*36  Pu 

Chloroplatinate  of  ^-cinchonine,  2(C«'H"N«0.HCl).PtCl*,  cnrBtAllises  on 
mixing  the  alcoholic  solutions  of  its  component  salts,  in  rhombic  combinationa, 
ooP  .  oof  00  .  oP,  in  which  ooP  :  ooP  =  119  (approximately).    (Schwabe.) 

IIydroctanate  of  /3-cincboninb,  obtained  by  precipitation  with  cyanide  of  potas- 
sium, is  amorphous,  anhydrous,  insoluble  in  water  and  alcohol.     (Schwabe.) 

HYDnoFLTJATB  OP  CmcHOXiNB,  C*H"N*0.2HF. — ^A  solution  of  recently  precipitated 
cinchonine  in  dilute  hydrofluoric  acid,  deposits  colourless  prisms  when  concentrated. 
The  salt  ciystaUises  easily  from  dilute  alcohol  in  rhomboiaal  prisms  terminateti  by 
octahedral  faces.  After  drying  at  mean  temperature,  it  gives  off  2*8  per  cent  water 
at  160^0.;  at  a  high  temperature,  it  acquires  a  fine  purple  tint,  yields  a  red  sublimate, 
gives  off  hydrofluoric  acid,  and  becomes  carbonised. 

Htdriodatb  op  Cinckoninb,  C"H»*NH).HI  +  aq.  (Regnault.) — ^Much  less  solable 
than  the  hydrochlonite.  Crystallises  easily  in  nacreous  needles.  Its  solution  is  pre- 
cipitated by  mercuric  chloride  and  cyanide.  Hydriodate  of  fi-cinehonine  is  easily 
Bolnble  in  water  and  in  alcohol.     (Schwabe.) 

Hyposulphatb  op  Cikchoninb. — Crystallisable ;  resembles  the  quiuine^sslt  (^.«.) 

Hyfosulphtte  of  CiNCHOKiNB. — Obtained  by  precipitation  in  small  needles ;  veiy 
sparingly  soluble  in  cold  water.    (W inckler.) 

loDJLTB  OP  dNCHOjaj^-B,  C»H«N«O.HIO»  (at  lOfioC.).— Long  silky  fibres,  reiy 
soluble  in  water  and  alcohol    Explodes  with  violence  at  120®  C. 

NriHATE  OF  CiNCHOKiNB,  C*H**N'O.HNO"  +  aq.  (Regnault.) — Obtained  by  dis- 
solving cinchonine  in  dilute  nitric  acid.  If  the  solution  is  rather  concentrated,  ptrt 
of  the  nitrate  separates  in  oily  globules,  which,  if  covered  with  water,  are  converted 
in  a  few  days  into  a  group  of  oblique  rectangular  prisms,  very  soluble  in  water.  The 
solution  is  dextro-rotatoiy,  [o]  «  +172*48°  (Bouchardat).  When  decomposed 
by  the  electro-current  (firom  six  Bimsen's  cells),  it  gives  off  oxygen  at  the  positire 
pole,  mixed  after  a  while  with  carbonic  acid  and  oxides  of  nitrogen,  and  at  the  nec^tire 
pole,  a  mixture  of  hydrogen  and  nitrogen  containing  a  little  ammonia ;  in  the  liquid 
into  which  the  negative  pole  dipped,  a  resinous  substance  was  deposited,  and  the 
solution  decanted  therefrom  and  distilled  with  potash,  yielded  ammonia  and  oily  dro^m 
of  chinoline.    (Babo,  J.  pr.  Chem.  Ixxii  73.) 

Nitrate  of  ^-cinchonine  crystallises  slowly,  by  spontaneous  evaporation,  in 
monoclinic  or  triclinic  crystals,  which  are  moderately  soluble  in  water  and  alcohol,  and 
do  not  efiloresce.     (Schwabe.) 

Oxalates  of  Cinchonixb. — The  neutral  oxalate  is  a  white  precipitate,  inF>olubl« 
in  cold,  slightly  soluble  in  boiling  water,  very  soluble  in  alcohol,  espccialiy  if  hot,  and 
in  oxalate  of  ammonium.  The  acid  oxalate  is  much  more  soluble  than  the  neutral 
salt     Oxalate  of  ^-cinchonine  is  CTjs^ai}^\BMe.     (Schwabe.) 

OxAi.mATR  OF  CixcHONiKE. — Obtained  by  saturating  a  boiling  solution  of  parabarie 
acid  with  excess  of  cinchonine.  The  solution  dries  up  to  a  yellowish  transparent  mts^% 
which  whit<»n8  a  little  as  it  assumes  the  crystalline  fomi.  Wlipn  boiled  with  hydm- 
chloric  acid,  it  dissolves,  producing  oxalic  acid.     (Elderhorst.) 

Pbrchloratb  of  OorcHONiNB,  C'^H^N'O.HClO'  +  aq.— Obtained  by  decompoflnng 
sulphate  of  cinchonine  with  perehlorate  of  barium.  Large  rhomboidal  prisms,  having 
a  strong  lustre,  and  exhibiting  a  fine  blue  and  yellow  dichro'iism,  even  in  very  dilute 
solutions.  Veiy  soluble  in  water  and  alcohol  Melts  and  gives  off  its  water  at  160°  C. 
and  decomposes  with  explosion  at  a  higher  temperature.  The  salt  dried  at  80°  CL 
gives  off  3*57  per  cent,  water  at  160^  (Boedeker,  jun.  Ann.  Ch.  Pharm.  Ixxi.  59). 
According  to  Dauber  {ibid,  66),  the  crystals  belong  to  the  diclinic  system  of  Nau- 
mann  (see  Cbystalloghapht),  being  rhomboidal  prisms  of  125°  47'  and  6-1°  18'  with 
perpendicular  truncation  of  the  acute  edges. 
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ifldab,        ,  .  ... 

traDspannt  plst«s  which  gnduall^  bpcom*  ajittiline  b;  n 

tpkaU  of  $-cincionine  form*  crjBtjiU  nearly  ■  line  in  length.  Bud  ippa- 

lblique-iuigl»L    (Schwa  be.) 

k-n  or  ClKCHOItiKB. — Yellow  pnlTerolent  precipitate,  nearl;  insoluble  in  water, 

Inble  in  aleoboL 

i**™  Of  CwcHOMisi — ^A  utron^  aqneoos  solution  of  cinchonine  in  quinic  acid 

9,  when  left  at  rest,  sometimea  silky  nredles.  sometimes  a  mammellati'd  maaa  of 

Taculea.    The  aiklt  dissolTcs  in  half  its  weight  of  water  at  3S°C. :  it  containa 

if  ei7stallisation.   From  a  solatjon  in  varm  alcohol,  it  o^statlisee  on  cooling  in 

«■,   shining,  short,  compressed  prisma,   apparently  nnaltermble  either  by  ex- 

"     "'        '    or  by  ■  moderate  heat,  but  becoming  completely  opaque  ic 

•olxes  them  Teiy  rew "'  ■•  ■   • 

:arDS  reddened  litmus 
'posited,  tURU  blue  litmus  red. 
HATES  or  CacBoianu.— The  neutral 'ulpAaie,  2C"H"H*0.H'S0*  + 2aq.,  i» 
d  by  exuctly  satDrating  cinchouine  with  dilute  sulphuric  acid.  It  forma  rhombic 
of  83°  and  97°,  generally  very  short,  and  having  their  eiids  tnincated  or 
1:  dearable  paniUel  to  the  prismatic  faces;  sometimes  hemitcopic  They  are 
ranapareot.  and  have  a  Titreou*  lustre ;  perm&neot  is  tjie  air;  melt  a  little 
00°  C.  aud  give  off  their  2  at  water  between  100^  and  120".  They  dinolve  at 
^mparatures  in  Sipta.watHr,  6)  pta.  slcoholof  apeciflc  gmrity  0'86,  and  Il^pta. 
e  alcohol;  insoluble  in  ether  (Baup).    It  is  but  slightly  decomposed  by  the 

utc  of  cinchonine  becomes  phosphoreai-cut  at  100°  C.  like  Bolphate  of  quinine, 
ler  tempecatares.  il  melts  and  then  decomposes,  yielding  a  rennoDS  maMer  of  a 
1  colour.  But  if  the  salt  be  previously  mixed  with  a  little  water  and  solphDrie 
remains  liquid  at  a  low  temperature,  eren  afler  all  the  water  has  been  ttriTen 
1  if  kept  in  this  state  fbr  thrpe  or  four  hours  at  120°  to  130°C.  it  is  completely 
■med  into  sulphate  of  cinchonicine,  only  a  veiy  small  quantity  of  coloaring 
being  then  produced.     (Pasteur,  p.  969,) 

>kate  of  B-cinchonint.  ■2C"H"N'0.H-'S0i  '  2aq.— Crystalliseain  rhombis 
a;onsiBP.v>Fi».oP,  in  whiehvP:  »P  =  136°.  It  dissolTea  in  7fi  pts.  of 
:d  U  pts.  of  hot  wnter;  in  13-S  pt.x.  of  cold,  and  I'fi  pts.  hot  aleoho!  of  SO  per 
Jid  is  insoluble  in  ether.  The  dilute  aqueous  solution  is  stroDgh'  iridiscent. 
abe.) 

:  SalphaleofCitiehonint,  C"H"N"O.H'SO'+ 3aa.— By  adding  sulphuric 
the  neutral  sulphate,  and  eraponting  till  a  slight  pellicle  is  form^  the  acid 
obtained  in  rhombic  octahedrons,  often  hsving  some  of  their  edges  or  snmmitt 
i,  and  clearing  very  easily,  at  right  angles  to  the  axis,  in  well-detlned  ihioing 
It  is  pemanent  in  the  air  at  ordinary  temperatures,  but  elBoreacea  in  veiy 
or  if  slightly  vanned.  When  heated,  it  ((ires  off  1173  per  cent,  water  — 3  at 
C,  100  pts.  of  the  salt  [?Bnhydrous  or  hyibnted],  dissolve  in  46  pts.  water,  in 
of  alcohol,  of  specific  gravity  OSS,  and  in  100  pts.  of  absolute  alcohol :  it  is 
le  in  ether.   (Banp,  Ann.  Ch.  Pbys.  [3]  xxvii.  323.) 


eedlei(DallfnB).     Sulpioe 

a  be.) 

aiTxs  or  CcicHoioiii.    (Pastear,  Ann.  Ch.  Phya.  [31  iixtiii.  iSS,  169.— 

,  J.  pr.  Chem.  liiL  331.)---These  aalts,  nentral  and  acid,  deitra-  or  Isevo-rota- 

B  prepared  by  dissolving  oiuchonine  in  the  proper  proportions  in  th'  two  modi- 

I  of  tartaric  acid. 

■ittral,  2C"H''N'O.C'H'0'  +  2aq Luj^e  needles  gronped  in  bnndli«,  spar- 

luble  in  water,  and  giring  off  their  cryat all Laation- water,  i-6  per  cent.,  between 
d  1200  0,     (Arppe.) 

:id  Tartratn.  —  Tbt  drxtro-rotalori/ lall,  C»H-'N'O.C'H'0'  +  *aq..  forms 
a  shining  crystals  gronped  in  radiate  atarfl.  They  belong  te  the  trimetric 
andsrconrnhemihedrKL    Obserredcombinstion,  ibP  .  I>n  .F.    Inclination  of 

.P:coP=133°20'(nearly);  t<B:I'»-127°10';  ?:  f  to  -  lil"  13'.     The 


978  CINCHONINE. 

to  melL  It  diMolTes  bnt  sparingly  in  cold»  much  more  easily  in  hot  vater,  atill  moK 
in  alcohol ;  the  solution  is  neutral  to  test-paper. 

A  solution  containing  twice  the  quantity  of  tartaric  acid  required  to  form  this  salt, 
deposits  at  first,  another  acid  tartrate  in  transparent  well-defined  crystala. 

Ltevo-rotatory  acid  tartrate,  C*H««NK).C*H«0«  +  aq.— This  salt  girea  off  it ^ 
water  =  4*58  per  cent  (calc  3'78X  st  100^  C.  It  is  very  sparingly  soluhle  in  alcohol 
and  in  water;  the  alcoholic  solution  is  neutral,  the  aqueous  solution  acid  to  test-iMtp^r. 

If  a  great  excess  of  acid  is  used  in  the  preparation,  another  acid  tartrate  is  obtained 
crystallised  in  brilliant  tuftSi  composed  of  yctt  slender  needles,  and  Teiy  different  in 
appearance  from  the  second  dextro-rotatory  acid  tartrate  above-mentioned.   (Pasteur.) 

Uratb  of  CnfCHONnra,  C*H**NK).C*H*N*0«  +  4  aq. — Obtained  by  boiling  nric  acid 
with  cinchonine  recently  precipitated  and  difiused  through  a  large  quantity  of  watcrr. 
The  liquid  filtered  at  the  ooiling  heat,  deposits  long  prisms  sparingly  solnble  in  water, 
boiling  alcohol,  and  ether.  On  heating  tne  salt  to  100^  C.  or  leaving  it  to  evapomte 
over  oil  of  vitriol,  it  becomes  opaque,  and  finally  assumes  a  sulphur-yellow  colour, 
giving  off  12*49  per  cent.  (calc.  4  at.  s  13*73  per  cent).  During  the  desiccation,  it  is 
in  a  state  of  constant  agitation,  and  is  finally  converted  into  a  crystalline  powder, 
probably  differingin  form  from  the  hydrated  crystals.    (Elderhorst,  loceit) 

Brominated^  Chlorinated^  and  lodated  Derivatives  of  Cifichanifu. 

Bboxocinchoninb,  C"H"BrN*0.  (Laurent  Ann.  Ch.  Phys,  [3]  xxiv.  302.) 
— When  bromine  is  poured  upon  moist  acid  hydrochlorate  of  cinchonine,  a  product  iii 
obtained,  which,  when  freed  from  excess  of  bromine  by  washing  with  a  little  alcohol,  is 
a  mixture  of  acid  hydrobromate  or  hydrochlorate  of  bromodnchonine  and  sesquibromo- 
ciuchonine.  On  treating  it  with  boiling  alcohol,  the  former  of  these  salts  disaolves, 
while  the  latter  is  nearly  insoluble;  ana  on  adding  ammonia  to  the  decanted  solution, 
boiling  to  expel  part  of  the  alcohol,  and  leaving  it  to  oool,  bromocinchonine  is  dqx)- 
;4ited  in  laminae,  which  may  be  purified  by  recirstallisation. 

The  acid  hydrochlorate,  C»II*'BrNK).2HCl,  crystallises  in  the  same  form  aa  tha 
corresponding  salt  of  cinchonine.  The  chloroplatinate,  C"H*"BrN*0.2HCU.*iC*J', 
is  a  pale  yellow  powder,  containing  at  50°  C.  24*2  per  cent  platinum  (calc.  24'7d). 

Sbsquibromocinchohihb,  C*H"'»Br>*K*0.  (Laurent,  loc.  ci^.)— When  the 
pulverulent  residue,  insoluble  in  boiling  alcohol,  obtained  in  tiie  preparation  just 
described,  is  boiled  with  water,  and  ammonia  added,  a  white  bulky  precipitate  of  seaqui- 
bromocinchonine  is  formed,  which,  after  washing  and  drying,  dissolves  in  ix>iling  alco- 
hol, and  crystallises  therefix>m  in  slender  needles.  It  is  slightly  bitter ;  its  ulcoholic 
solution  turns  reddened  litmus  blue.  It  melts  when  heated,  afterwards  blackena  with 
intumescence.  It  gives  by  analysis  55*45  per  cent  C,  5*18  H,  and  28*3  Br,  the  formula 
requiring  56*270,  6*27  H,  and  2813  Br. 

The  acid  hydrochlorate,  C"H»»Br«'»N*0.2HCl,  forms  rhombic  tables,  in  which 
ooP:ooP  =  1070  tol08o. 

The  hydrohromochlorate,  C*H«'»Br»*»N*O.HCLHBr,  is  obtained  by  pouring 
bromine  on  hydrochlorate  of  cinchonine ;  boiling  with  alcohol  as  above,  to  r«move  hy- 
drochlorate of  bromocinchonine ;  again  pouring  alcohol  on  the  residual  salt ;  boiling ; 
adding  ammonia,  which  dissolves  it  immediately;  then  adding  excess  of  hydrochloric 
acid  to  the  solution,  and  leaving  it  to  cooL  The  salt  is  then  deposited  in  small  rhombie 
tables,  in  which  oo  P :  oo  P«  107°  to  108° 

The  ohloroplatinate,  C«H«»Br«*N«0.2HCl.PtCl*,  is  a  very  pale-yeUow  precipi- 
tate, containing  at  100°  0.  230  per  cent  phitinum ;  by  calculation.  23*5. 

BiBROMOCXNCHONiNB,  C"BP*Br«N*0.  (Laurent,  Compt  chim.  1849,  pt  811.>— 
Bromine  in  excess  is  poured  on  acid  hydrochlorate  of  cinchonine,  to  which  a  little  water 
has  been  added ;  the  product  is  heated  when  the  action  is  over,  to  complete  the  bro* 
mination  of  the  cinchonine,  and  expel  excess  of  bromine ;  water  is  then  poured  upon 
it ;  the  liquid  is  boiled  and  filtered ;  alcohol  is  added  to  the  aoueous  filtrate,  heat  again 
applied,  and  the  solution  is  neutralised  with  ammonia.  On  cooling,  it  deposite  dibrvroc* 
cinchonine  in  colourless  laminae,  with  nacreous  reflexion. 

Dibromocinchonine  is  insoluble  in  water,  sparingly  soluble  in  boiling  alcohol.  At 
nlx)ut  200°  C.  it  swells,  blackens,  and  yields  a  substence  which  dissolves  easily  in 
potash,  and  is  separated  therefrom  by  acids  in  brown  flakes.  Dibromocindionine  gives 
by  analysis  51*20  per  cent  C,  4*4  H,  and  34*00  Br,  the  formula  requiring  51*28  C, 
4*70  H,  and  34*19  Br.  A  solution  which  had  been  left  for  some  days  in  an  op<*D 
vessel,  deposited  rectangular  octahedrons,  containing  4*2  per  cent  «  1  at  water  of 
crystallisation.  

The  acid  hydrochlorate,  C»H»Br*N*0.2HCl,  obtained  bv  treating  the  base  with 
hydrochloric  acid,  is  sparingly  soluble  in  wat^r,  and  separates  from  a  boiling  solotioii 
on  cooling,  in  rhombic  tebleta,  having  their  four  acute  angles  truncated ;  oo  P :  a  Pa 
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>  10S°:  ^K  :  oF  ■'137.     lt»  solatioD  deflfcts  the  pUne  of  polarisation  to^the 

ULOBO0lHCHONiNE,C-H«Cl<N<O.  (Lanreii t,  AiiD.CtLPhf>.  [3]  zxiv.  302.) 

acid  h jdiochlorate  of  thin  bus  ii  fanned  bj  pinrtiTig  ehloriue  into  a  hot  conwn- 
»ludon  of  acid  hvdrochlorsle  of  ciDchomne;  and  OD  adding  ainiaonia  to  a 
1  of  thia  ault  in  boding  water,  the  base  is  precipitated  u  a  li^ht  floccnlent  mua, 
cryBtallitea  Iram  boiling  alcohol  in  microscopic  needles,  jiclding  bj  analjaia 
r  rent,  chlorine  (calc  I8'83). 

acid  kgdrocklorate,  C~H"C1'N'0.2HCI.  ia  ipsringlj  iiolnbla  in  water,  and 
■  60  pta.  of  alcohol  to  diaaalTa  it :  the  solution  is  deitro-rotalo^.  The  sdl 
iocs  m  riwmbic  tables  iaomoipbons  with  the  CTjatala  of  acid  hji&ochlorale  oi 
line,  i»P:  «  P-lOB";  P«  r  oP-lSa"  SO' lo  137°  30". 

ckloroplatinatt.  C"H"Cl'N'0.21IUl.PtCl-,  is  a  pale  jeUow  powder,  yield- 
OU",  251)0  per  cent,  platinam  (caJc  2.^06). 

acid  hydroiramttte,  C"H"Cl'N'0.2HBr,  obtained  bj  treating  the  hase  with 
romic  acid,  iBiparinglT  soluble,  and  rrystaUiaca  in  biilliant  laminie.  oaring  eeiiEililj 
le  angles  aa  thoee  of  the  acid  hjdrochlorate,  bit  presenting  a  different  appeurance, 
eh  as  the  modifying  faco  an  considerably  developed,  ao  (hat  the  rbombic  tablet 
formrd  into  a  Bii-suled  prism  ;  »  P  :  «  F=  104°  ;  t  »  :  oP  -  137°.  The  salt 
same  (Composition  ss  the  acid  hydroehIomt«  of  dibromocincbonine,  bnt  differs 
in  RiTing  with  nitrate  of  silrer  a  precipitate  of  bromide  of  ailver,  whereas  the 
iciiu  a  precipitate  of  chloride, 

Hiiralc  IS  sparingly  soluble  in  water,  and  o^slallises  in  amall  elongated  tetrs- 
I.  formed  01  four  equal  scalene  triangles,  and  baring  their  oppoaita  edges  trun- 

sciHCHOBiKB.  2C-H"N'0.I' (?)  {Pelletier.  Ann.  Ch.  Phyt  (2]  boil  181.)- 
anchonins  ja  triturated  with  about  half  ita  weight  of  iodine^  anil  the  product  is 

with  alcohol  of  3S  per  cent,  the  whole  dissolves,  and  on  Icaring  the  aolntjon  (o 
Lie,  it  first  depoEiits  the  so-called  iodocincbonine  in  saffron-colound  plates,  sAer- 
crytlalline  nodules  of  hj^driodste  of  cinchonine.     On  treating  ths  whole  with 

water,  the  hydriodate  dissolres,  and  the  iodocinchonine  separates  in  the  melted 

nnehonine  has  a  deep  aaffion-yellow  colour  when  seen  in  mass  ;  its  powder  ia 
It  bos  a  slightlj  bitter  taste.  When  healed,  it  softens  at  26°  C.  bnt  does 
er  into  complete  fiiaion  till  healed  to  80°.  It  is  insoluble  in  cold  water,  very 
in  boiling  water,  soluble  in  alcohol  and  ether.  It  gave  by  analniB  2883  per 
dine  (ealc  2g'03). 

dnchonine  may  be  decomposed  by  ths  sDCeesaiTa  action  of  acid  and  alkalina 
IS.     It  is  likewise  decomposed  by  nitrate  of  silrer.     (Pelletier.) 
e  preceding  formula  be  correct,  the  compound  ia  not  iododnchonine,  but  iodida 

ohati  e/ JoJacinchonint.  (W.B.  Herapath,  Chem.  See.  Qu.  J.  li.  151.)— 
[line  treated  with  iodine  and  strong  sulphuric  acid,  fields  a  crystalline  aalt,  which 
leg  the  corresponding  quinine-eompuund  in  ita  action  on  light.  It  cryatalliaea  in 
iedles,  which  appear  deep  purple-red  by  transmitted,  and  dark  pniple-btue  by  re- 
light ;  Iheir  lamime  appear  lemon-yellow  by  transmitted  light,  and  if  two  such 
itea  be  superposed  in  auch  a  manner  that  their  longest  dinieniiona  may  cross 
>ther  at  right  angles,  the  syBtem  is  perfectly  impervious  to  light,  the  two  plates 
in  fact  like  two  tourmalines  with  their  axes  crossed.     (For  further  details  m- 

0  these  properties,  see  SmJKiTB  op  lonoatrMNa,  under  Qmnm).  Ths  salt 
Efl  eaeily  in  strong  boiling  alcohol,  and  crystoUisea  tbere&om ;  eparingl;r  i" 
Icohol,  and  scarcely  at  all  in  water,  ether,  and  chloroform.  Herapath  asaigna 
e  formula  C"H"'N'01'.H'S0'  +  3aq..  which  is  very  improbable 

iait  of  lodo-S-cineiimiru  is  obtained  in  indistinct  crystals  on  adding  a  warm 

1  of  3  pta.  iodine  in  lis  pts.  alcohol  to  a  solution  of  10  pts.  of  sulphate  of  3-cin- 
!  in  144  pts.  acetic  add,  and  12  pts.  dilute  sulphuric  aad.    (Schwabs.) 

I>triiiatiti€$  of  CVncAonins  eontaiBing  Organi«  BadicUt.  . 

lon-cixcHOKliim  C"H'TiK)-C"H"(C'H'0)N>0.  (Schulienberger, 
lb.  Pharm.  ciiii.  3G1.) — Dry  cinchonine  dissolres  with  rise  of  temperature  in 
9  of  benzoyl,  and  the  mixture,  ifhesled  for  a  few  seconds,  solidifies  to  a  ciystalline 
hyiTO:hlonite  of  benzoyl -cincbonine.  This  salt  dissolves  readily  in  water,  and 
iliou,  quickly  decanted  from  undissolved  chloride  of  benzoyl,  yields  with  ammoiia 
I  glutiDOua  precipitate  of  benzoyl -cinchonine.  which  hardens  in  the  cold.  It  ia 
a  and   uncrystallisable,  insoluble  in  water,  but  diasolrea  in  all  proportions  in 
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alcobol  and  ether.  Its  salts  are  eaailir  soluble  in  water.  The  kydrpehlvrait  la 
C^«N«O.Ha ;  the  chloroplatinaU  C«»H"N»0«.  2(HCLPta*). 

MjBTHTL-ciHCHONnfE,  C«»H«^H) = C"H»(Cn»)N*0.  (Stahlschmidt^  Ann.  Ch. 
Pharm.  xc.  218.)— The  hydriodaU  of  this  base,  C"H'*N*0.H1,  is  prodaeed  by  the 
action  of  iodide  of  methyl  on  pulverised  cinchonine.  It  dissolyes  easily  in  boiling 
water,  and  separates  in  fine  needles  on  cooling.  It  is  not  attacked  by  iodide  of 
methyl  when  heat«d  therewith  to  100^  C.  io  a  sealed  tube :  hence  cinchonine  appears  to 
contain  but  1  at.  of  hydrogen  replaceable  by  an  alcohol-radicle. 

The  iodide  treated  with  oxide  of  silver,  yields  a  solution  of  the  base^  which,  when 
quickly  evi^rated  over  the  water-bath,  leaves  a  brown  crystalline  mass»  fscm.  which, 
when  dissolved  in  water,  brown  oily  drops  separate.  The  aqueous  solution  precipitates 
th(>  salts  of  sesquioxides. 

The  salts  of  methyl-cinchonine  areTexyioliible  in  water  and  in  alcohol,  and  difficult 
to  crystallise. 

The  chloroplatinate,  C»»H"N«0.2HCl.PtCi;.  yields  when  dried  at  lOO**  C,  8670- 
26*77  per  cent,  platinum,  the  formula  requiring  26*93. 

CZVCBOVATZVB.    Syn.  with  Amcnm,  (p.  367). 

Frotosulphide  of  mercury,    (See  Mxbcubt.) 

,  CinnamaU  of  Benzyl    C>«H"0«  -  ^^p|o.    (PUntamonr, 

Ann.  Ch.  Pharm.  zxvil  329 ;  xxx.  241.— Fr  A  my,  Ann.  Ch.  Phys.  Ixx.  189.— H.  De- 
viUe,  Ann.  Ch.  Pharm.  Ixxiv.  230.— £.  Kopp,  Compt  chim.  1860,  p.  410.— 
Scharling,  Ann.  Ch.  Pharm.  xcvii.  184.— Gm.  xiii  283.— Gerh.  iii.  404.)— This 
compound  was  discovered  by  Plantamour  (1838),  who  obtained  it  from  balsam  of 
Peru,  in  which*  according  to  Simon,  it  exists  ready  formed ;  according  to  Fr6my  and 
Deville,  it  exists  also  in  small  quantity  in  Tolu  balsam.  According  to  Scharling, 
cinnamic  acid  dissolved  in  poruvin  (a  mixture  of  benzylic  alcohol  and  toluene)  forms  a 
liquid,  which,  when  saturated  with  hydrochloric  add,  yields  to  boiling  water  a  neutral 
oil  resembling  cinnamein. 

Preparaiion, — Balsam  of  Peru  is  saponified  by  agitation  with  excess  of  caustic 
potash,  and  the  solid  soap  dissolved  in  water :  the  solution  on  being  warmed^  mpamtet 
after  a  few  minutes  into  two  layers,  and  the  upper,  which  is  oily,  is  to  be  repeatedly 
washed  with  water,  till  the  oil  exhibits  a  faint  reddish-yellow  colour.  The  rendnal 
water  is  evaporated  over  the  water-bath ;  the  oil  dissolved  in  warm  alcohol  and  evapo- 
rated ;  and  this  treatment  repeated  as  long  as  resin  separates  out  on  evaporation. 
(Plantamour). — 2.  Balsam  of  Peru  dissolved  in  alcohol  of  36°,  is  treated  with  alco- 
holic potash,  whereby  a  compound  of  resin  with  potash  is  precipitated ;  the  solution  is 
mixed  with  water ;  the  cinnamein  which  separates  out  in  the  form  of  an  oil  is  separated 
from  the  inferior  solution  of  dnnamate  of  potassium,  and  dissolved  in  freshly  ^rectified 
rock-oil,  whereby  resin  is  removed ;  the  rock-oil  is  then  evaporated,  and  the  rasidual 
oil  placed  in  a  vacuum.  Cinnamein  thus  prepared,  still  retams  styracin  in  solution,  the 
quantity  vairing  according  to  the  nature  of  the  balsam.  To  free  it  from  this  im- 
purity, it  is  dissolved  in  weak  alcohol,  and  cooled  for  several  days  below  0^,  as  long  as 
a  crystalline  deposit  of  styracin  continues  to  form  (Fr^my). — 3.  Balsam  of  Peru  i» 
repeatedly  boiled  with  aqueous  carbonate  of  sodium,  and  the  dnnamate  of  sodium  i^ 
removed  by  washing,  the  residue  then  separating  into  a  resin,  and  a  yellowish-brown 
liquid  which  must  be  heated  to  170^  C.  on  the  oil- bath,  and  distilled  in  st^nm  h«*ut  d 
to  170^.  Colourless,  somewhat  milky  cinnamein  then  passes  over,  and  is  freed  from 
adhering  water  by  standing  for  some  time  in  a  warm  place,  over  chloride  of  calcium. 
Sometimes,  perhaps  always,  the  cinnamdn  thus  prepared  contains  in  solution  etuadu, 
which,  after  long  standing,  partially  crystallises  out  (Scharling).  Caldned  ma|r- 
nesia  or  oxide  of  lead  also  separates  cinnamein  from  balsam  of  Peru,  by  combining  with 
the  dnnamic  add,  and  separating  resin.    (Simon.) 

Propertiet, —  Cinnamein  is  a  feebly  coloured  or  colourless,  strongly  refracting,  neutral 
oil,  which  remains  liquid  when  cooled  to  — 12°  or  — 16°  C.  for  several  days.  It  boils 
at  306°,  and  distils  without  decomposition  (Plantamour);  between  340°  and  360°, 
with  partial  decomposition  (Deville,  Fremy).  It  has  a  feeble  pleasant  odour.  It^t 
taste  is  sharp  and  aromatic,  recalling  that  of  fat  It  makes  grease  spots  on  paper. 
Specific  gravity,  1098  at  14° ;  1*0926  at  26°  (Scharling).  It  is  nearly  insoluble  in 
water,  but  dissolves  in  alcohol  and  ether. 

Cinnamein  contains,  according  to  Scharling*s  analysis,  79-18  to  79*24  per  cent  C, 

6-66  to  6  03  H,  and  14*26  to  13*72  O,  agreeing  nearly  with  the  preceding  formula, 

which  requires  80*62  C,  6*88  H,  and  13*46  0. — When  kept  under  water  for  some  time, 

it  yields  a  crystalline  substance  of  the  same  composition,  metacin  namei  n,  which  meltt 

N.  between  12  and  16°  C.  sometimes  resolidifies  aftrr  cooling  and  ■♦*"*'^^ng.  hut  after  mIu- 

tion  in  boiling  alcohol  cannot  again  be  obtained  in  the  crystalline  form.  (Scharling.) 
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imein  Nlowly  absorbB  moUt  oxygen  (Frimy).  When  pxpowd  for  yeani  lo  < 
it,  it  Hrquiresa  mncid  odour  and  add  reaction.  CryiUUised  dnnam^in  prcoen 
M  Teuel  for  a  jear  melted  to  a  Tigcoiumua,  and  in  anotber  jear  solidifledb 
rent  amorpfaoDs  masa  (Sc barling)-  Cinnamein  is  purtiaJlj  decomposed  by d 
I,  leaving  ■  smBll  quuititj  of  tar,  and  yielding  i,  diatillate  differing  in  eoni| 
•ma  the  ori^nal  subatance. 

mioised  by  atrang  aulphiiric  acid  (Fr^my).  It  slowly  aljaorbs  eUorirtf,  mi 
rhen  heated,  becoming  ut  the  ume  time  colonred  ajid  thickened,  sad  when  d 
illi mutely  yields  eliloride  of  benzoyl  together  with  an  oil  (Frimy).  Nil 
ts  briskly  on  cinnamein  when  heated,  forming  a  yellow  resin  and  a  lai 
y  of  bitter  almond  oil  Peraxidr  of  Uad  tct*  ins  similar  manner  (Frim 
lein  forms  a  crystalline  compound  with  antnii>ni<i(Plantamour).  Mixed  w 
t  of  carbon  and  powdered  hydrate  of  potassium,  it  forms  ■  saline  mass  ci 

lanthatc  of  potuBsinm  (Sclmrling).  Rapidly  heated  with  Tery  coneentrai 
Ifif,  or  melted  with  hjdrato  of  potaah,  it  gires  off  hydrogen,  and  paaaes  ii 
at«  (and  benioate)  of  potassiam  (Ft  jmy).  Treated  wiUi  verv  concvntt& 
ley  in  the  cold,  or  with  alcoholic  potash,  it  is  completely  resolved,  ic  S4  hoi 
[  dissDgagement  of  gas  or  absorption  of  oxygen,  into  beniylic  alcohol  and  c 

ofpolaasinm:  C"H"0-  r  KHO  -  C'H'O  +  CH'KO".  By  thecontin 
rf  the  potash,  the  benzylie  alcohol  may  be  converted  into  beniylene.  fCH',] 
tamodr,  by  treating  cionamem  with  strong  alcoholic  potasb,  obtained,  toget 
nnamic  acid,  an  acid  which  he  designate  as  carbobrniok  or  mi/roxylic  ac 
ly  impare  >>cnzoie  acid  resulting  from  the  decomposition  of  cionumic  acid  an 
iieureofpoliisll(p.  384). 

rvAXmvs.  G*H'.  CinnameL  Sl'/rol.  JWatiU  Oilof  Liquid  SUmx.  (1 
e,  J.  Pbarm.  xrii.  338.-D'Arcet,  Ana.  Ch.  Fby.  livi.  110.— Mulder,  J. 
XV.  307.-E.  Simon,  Ann.  Ch,  Pharm.  xiii.  26fi.— C.  Henog,  Pharm.  Ce 
..833.— Gerhardt  and  Cahoa^^  Ann.Ch.Phja  [3]  i.  Bfl.— KXopp,  Cor 
1M6,  p.  S7  ;  further,  Cumpt.  rend.  liii.  634.~Blyth  and  Hofmann,  Ann. 
.  liii.  SeS,  326.— Hempels,  ibid.  lix.  316.-Scbarling.  ibid,  xcvit  1S4 
ward,Chem.Soc.4u.  J.iiii,  13<;  Gm.xiii.  1;  (}erli.iii.  374-}— This  compoi 
uced  by  the  decompmilion  of  einnamic  acid  (p.  981),  and  ii  contained  in  liq 
(p.  882),  whence  it  may  be  obtained  by  disDllation  with  water.  It  was 
■uppoaed  that  cinnamene  obtained  &om  dnnamic  add  was  not  identical, 
omerie,  with  styrol,  the  volatile  oil  of  storax,  became  the  latter  ii  complel 
led  by  heat  into  a  solid  substance,  mttattyrol,  of  the  same  compomtion,  whei 
onamene  this  change  had  been  observed  to  take  place  bnt  imperfectly  ;  bnl 
las  lately  shown  that  this  transformation  takes  place  quite  as  completely  i 
lene  as  with  styrol,  an  observation  which  removea  the  only  otg'eetion  to  the  i 
Identity  of  the  two  substances. 

laration. — a.  From  Cinnamie  Acid  and  Ms  Cinnamata,  Cinoamie  add,  w 
distilled  at  its  boiling  point,  is  completely  revolved  into  cinnamene  and  carb< 

(THK)*  -  CO'  +  CH'. 


of  ealdum  is  likewise  reaolved  by  dir  distillation  into  d 

ate  nf  calcium  (D.  Howard).    Cinnamie  add  distilled  with  excess  of  lime 

yields  a  miituie  of  dnnamene  and  benzene,  which  may  be  separated  by : 

'rom  Storax.—Thti  liquid  balsam  i«  distilled  in  a  copper  still  oonneeted  wit 
tub,  with  water  ran  talcing  carbonate  of  sodium,  (o  retain  dnnamic  add^  3J 
•onatf  of  sodium  sufBce  for  10  lbs.  of  storax.  The  water  which  passes  ore: 
and  the  dnnamene  (loalBon  the  surface.  The  quantity  obtained  varies  with 
the  lialflam.  Blyth  and  Hofmann  obtained  in  one  operation  about  360  grami 
from  Id's  kiL  of  liquid  storax,  in  another  not  more  than  90  grnis.  from  IZ\ 
ly  dislillate  is  dried  over  chloride  of  calcinm  and  lectifled.  This  last  operal 
«  particular  precautions.  The  liquid  begins  logire  off  vapour  between  lOD". 
.,  and  at  145°  it  is  in  full  ebullition,  a  limpid  oil  then  passing  over,  and 
>me(er  remaining  atationai^-  fbr  nome  time ;  suddenly,  however,  a  consider) 
kes  place,  aud  the  thermom.ljT  must  then  be  quickly  withdrawn  from  the  re( 
I  residue  thickens,  and  on  cooling  solidifies  lo  a  transparent  gtasa,  coneistini 
nnamene  or  melastyrol.  The  qutinlity  of  this  solid  residue  varies,  bat  it  so 
unounis  to  half  the  oil  fcubjccted  to  distillation. 

innamene  may  also  be  obtained  from  the  resin  of  Fern  balsam,  by  heating  t 
Dce  mixed  with  pumice  to  d>dl  redness  in  a  lelorl,  and  subjecting  the  oil  wl 
over,  toftelhcr  with  benzoic  ncid  and  an  aqueoDS  liquid,  to  fractioual  distillat 
irtion  vrliich  goes  over  under  175°  C,  snd  is  lighter  than  water,  is  collected, 
ly  distilled  with  pOtssh-Bolulion,  alli^u'''d  to  slund  scva-ul  dnvs  over  pieceaof  a 
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potash,  and  then  distilled  at  h  temperature  not  exceeding  1609  C.  The  difltilUte  is  dri4<d 
with  chloride  of  calcium,  treated  with  potasniun,  whereby  hydrogen  is  evolved,  and  the* 
fluid  part  is  decanted  from  the  restdting  gelatinous  precipitate  and  distilled.  The  boiling 
point  then  gradually  rises  to  100° — 140^  C,  by  wnich  time  all  the  dnnamene  remaios 
behind,  amounting  to  }  of  the  liquid  employed.  (Scharling,  Ann.  Ch.  Pharm.  zcvii. 
184.) 

Guinamene  is  a  very  mobile  colourless  oil,  having  a  strong  persistent  aromatie  odour, 
reminding  of  benzene  and  naphthalene  together.  It  does  not  solidify  at~20^  C.  It 
is  venr  volatile,  the  grease  spots  which  it  produces  on  paper  disappearing  in  a  f«w 
seconds.  Specific  gravity  0*924.  Boiling  point  14d'76°  C.  (Bly  th  and  Hof mann) ; 
146**  (E.  Kopp).  It  is  neutral,  mixes  in  all  proportions  with  idcohol  and  ether,  vola- 
tile oils,  and  sulphide  of  carbon,  and  dissolves  sulphur  and  phosphorus. 

Cinnamene  is  not  acted  upon  by  potash.  With  fumUtff  sulphuric  acid  it  appears  to 
form  a  conjugated  acid.  If  added  by  drops  to  fuming  nitric  acid,  it  dissolves  with 
evolution  of  red  vaoours ;  and  water  added  to  the  solution  throws  down  a  vellow  resin, 
which,  bv  careful  distillation,  yields  crystals  of  nitrocinnamene.  If  boiled  with 
excess  of  nitric  acid,  it  yields  benzoic  or  nitrobenzoic  acid,  according  to  the  strength 
of  the  nitric  acid.  DistUled  with  dilute  chromio  acid,  it  yields  ciystals  of  benzoic  add. 
With  chlorine  and  bromiM,  it  forms  chloride  and  bromide  of  cinnamene. 

MBTA.ciirNA.MBNB.  Mttostyrol,  Draconyl. — This  is  the  solid  isubstance  into  which 
cinnamene  or  styrol  is  converted  by  the  action  of  heat  The  conversion  takes  plscc 
readily  in  a  sealed  tube  heated  to  200°  C.  in  an  oil-bath.  Metacinnamene  is  llkewii>e 
obtained  from  dragon's  blood.  When  the  crude  oil  produced  by  the  dr}'  distillation  of 
that  substance  is  distilled  till  the  temperature  rises  to  280°  C.  a  liquid  is  obtained  con- 
taining toluene  (hydride  of  benzyl,  p.  673),  and  cinnamene.  On  distilling  this  mixture 
at  a  temperature  lielow  the  boiling  point,  till  the  greater  part  of  the  toluene  has  passed 
over,  a  viscous  liquid  remains,  consisting  of  metacinnamene,  held  in  solution  by  a 
umall  quantity  of  styrol.  On  pouring  this  liquid  into  alcohol,  the  dnnamene  dissolvtM, 
while  the  metacinnamene  is  precipitated  in  Uie  form  of  a  soft  colourless  resin  like  tur* 
pentine,  which  may  be  washed  with  alcohol,  and  then  dried  in  a  stove  at  150^  C. 

According  to  R  Kopp,  the  transformation  of  cinnamene  into  metadnnamene  likewise 
takes  place  spontaneously  at  ordinary  temperatures.  This  property,  joined  to  the  high 
refriurong  power  of  metacinnamene,  suggests  the  possibility  of  usins  cinnumeoe  for 
filling  hoUow  glass  lenses  or  prisms.  According  to  Kovalevsky  (Ann.  Ch.  Phazm. 
cxz.  66),  metacinnamene  exists  also,  together  with  dnnamene,  in  liquid  storax. 

Metaonnamene  is  a  colourless,  limpid,  highly  refractive  substance,  destitute  of  tatte 
and  odour.  At  mean  temperatures  it  is  hard,  and  may  be  cut  with  a  knife  ;  but  it  8oflens 
bv  heat,  and  mapr  then  be  drawn  out  into  long  threads.  It  is  insoluble  in  water  and 
alcohol ;  ether  dissolves  it  in  small  quantity,  and  at  the  boiling  heat  transforms  it  into 
a  gelatinous  mass,  which,  after  drying  at  100°  C,  forms  a  white  spongy  substance, 
having  exactly  the  composition  of  styroL 

Metadnnamene  liquefies  when  heated  in  a  small  retort,  and  yields  by  distillation 
pure  dnnamene,  which  may  be  reconverted  into  metacinnamene  by  heating  to  200°  C. 
in  a  sealed  tube. 

Chlorine  and  bromine  act  very  slowly  on  metacinnamene,  but  ultimately  convert  it 
into  chloride  and  bromide  of  cinnamene  respectively.  Strong  sulphuric  add  carbo- 
nises it  By  fusion  with  hydrate  of  potassium  it  is  converted  into  styrol  Nitric  add  of 
ordinary  strength  acts  but  slightly  on  metacinnamene,  but  fiuning  nitric  add  dissolves 
it  easUy,  with  evolution  of  r^l  vapours ;  and  if  the  add  has  been  added  in  sufficient 
quantity,  the  solution  yields  with  water  a  precipitate  of  nitrometacinnamene. 

Compounds  and  Derivatives  of  dnnamene, 

Bboudb  of  Cinnamenk.  CH'Br*.— Produced  by  the  action  of  bromine  on  dnna- 
mene. It  is  insoluble  in  water,  but  very  soluble  in  alcohol  and  ether,  whence  it  errs- 
tallises  in  needles.  Solutions  satumtod  at  the  boiling  heat  usually  deposit  it  in  the 
form  of  an  oil,  which  remains  liquid  for  a  long  time,  and  solidifies  suddenly  when 
agitated.  It  has  a  peculiar  odour,  which  is  not  disagreeable,  but  excites  tearSw  It 
melts  at  67°  C,  and  often  remains  liquid,  even  when  cooled  to  30°  C,  but  the  least 
agitation  causes  it  to  solidify  in  a  crystalline  mass.  Its  boiling  point  is  above  200°  C. 
It  may  be  distilled  almost  wholly  without  alteration.  Alcoholic  potash  converts  it 
into  bromide  of  potassium  and  a  brominated  organic  compound. 

Chloride  of  Cinnamene. — CH'Cl''.  Oily  liquid,  produced  by  the  action  of  chloiino 
on  dnnamene.  It  is  decomposed  by  distillation  into  hydrochloric  add  aad  another 
oily  compound. 

Treated  with  alcoholic  potash,  it  yields  chlorocinnamene,  C*H'CL 

Trichl4>ride  of  Dichlorocinnamene,  C*H*C1'.3C1*,  is  obtained,  according  to  Lattrsat, 
by  the  action  of  chlorine  on  cinnamene. 
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KiTBonxsrAXENB.  Hitrostyrol.  CH'(NO*). — Producitl  l»y  the  action  of  finning 
nitnc  acid  on  cinnamene  (p.  980).  It  cr}'fitHlli>p8  in  large  prisms ;  has  an  odour  of 
ciiinumon  which  excites  tears ;  produciu)  painful  blisters  on  the  skin. 

yiitrometacinnatnene.  NitromctaHyrol.  Nitrodraconifl. — This  compound,  isomeric 
with  the  last,  is  precipitatinl  on  adding  water  lo  the  product  of  the  action  of  fuming 
nitric  acid  on  nietacinnamene.  It  is  a  white  amorphous  powder,  insoluble  in  water, 
acids,  potash,  ether,  and  alcohol.  When  sli^^htly  heated,  it  bums  with  explosion. 
When  distilled  with  lime,  it  is  d(>composed,  with  separation  of  carbon  and  evolution  of 
ammonia,  together  with  a  small  quantity  of  a  brown  oil  containing  plimylamine.  It 
dooa  not  appear  to  be  att4icke<l  by  strong  nitric  acid,  even  after  several  hours*  boiling. 

CXVWABKZC  ACZB.      C^HH)''   =  ^"^^^'^lo.      Zimmtsdurr.      Chmami/Udure, 

(Dumns  andP^ligot  [1834],  Ann.  Cli.  Fhys.lvii.  311. — £.  Simon,  Ann.  Ch.  Pharm. 
zxxi.  2do. — Stenhouse,  ibid,  Iv.  1;  Ivii.  79. — Ilerzog,  Arch.  Pharm,  xvii.  72; 
XX.  159.— R  Kopp,  Compt.  chim.  1847,  p.  198;  1849,  p.  146;  1850,  p.  140.— Ca- 
hoars,  Ann.  Ch.  Phys.  [3]  xxiii.  341.— Schabus,  Wien  Akad,  Ber.  1850  [2]  206. 
—  Chiozza,  Ann.  Ch.  Phys.  [3]  xxxix.  439. —  J.  Lowe,  J.  pr.  Chem.  Ixv.  188. — Piria, 
A-xn.  Ch-  Pharm.  c.  104. — Bertagnini,  Cimento,  iv.  46. —  Om.  xiii.  268. — Oerh. 
iii.  388.) — This  acid  exists  in  the  free  state  in  several  balsams,  as  in  liquid  storax« 
Tolu  balsam,  Peru  balsam,  and  gum  benzoin,  and  is  of^en  dcposittnl  in  large  prismatic 
crystals  firom  old  samples  of  oil  of  ciimamon ;  also  from  cinnamon-water. 

Formation. — Cinnaniic  acid  is  produced :  1.  By  the  action  of  oxidising  agents  on  cin- 
n.-tmic  aldehyde  and  on  styrone. — 2.  By  heating  bitter-almond  oil  with  chloride  of 
«c<*fyl  in  a  sealed  tube  to  120®— 130*^  C,  but  not  higher,  for  20—24  hours,  hydrochloric 
Ri-id  being  fomie«l  at  the  same  time : 

c'ii«o  +  c«HK).ci  =  na  -r  c»hh)«. 

The  cinnamic  acid  may  be  extracted  from  the  viscid  residue  by  digestion  with  water 
containing  ammonia. — 3.  By  boiling  cinnamein  with  potash,  benz}'lic  alcohol  being 
formed  at  the  same  time  ^p.  979). — 4.  By  fusing  styradn  with  potash  (Fr^my)  oi 
boiling  it  with  potash-ley.     (!S  i  m  o  n.) 

Preparation, —  a.  From  the  deposit  of  cinnamate  of  lead  mixed  with  cinnamic  acid, 
found  in  the  old  leaden  packages  in  which  oil  of  cassia-cinnamon  is  imported.  The 
de[iOHit  is  dissolved  in  alcohol  and  filtered  from  the  cinnamate  of  lead,  and  the  aKH)hol 
is  ivmoved  from  the  filtrate  by  distillation  ;  the  cinnamic  acid  then  quickly  crystallises 
out  from  the  oil,  and  is  purified  b^  treatment  with  carl5onate  of  sodium  and  precipitation. 
The  residual  cinnamate  of  lead  is  boiled  with  carbonate  of  sodium,  filtenMl  from  the 
carbonate  of  lead,  and  the  cinnamic  acid  is  precipitated  by  dilute  sulphuric  acid,  in 
Bilrery  lustrous  laminae,  which  are  w:ished,  ana  recr}'stallis<>d  from  alcohol  (H  erzog). 
Dumas  and  I*eligot  dissolve  the  crystalline  deposit  from  oil  of  cinnamon  in  boiling 
water,  and  evaporate  the  filtrate  to  the  cr}'stallising  point. 

h.  From  Liquid  Storax, — Liquid  storax  is  distilled  with  water  and  J  to  ^  pts.  of  cn's- 
falllsed  carbonate  of  sodium,  whereupon  styrol  passes  over.  The  resiaual  aqueous  liquid 
ii*  filtered  from  the  rcHin  ;  and  the  filtrate  is  mixed  at  first  with  just  so  much  sulphuric 
acid,  that  a  very  small  quantity  of  cinnamic  acid  is  precipitated  along  with  ditisolved 
resin ;  and  the  liquid  filtered  firom  this  precipitate  is  treated  with  excess  of  sulphuric 
tcid,  which  precipitates  cinnamic  acid  of  a  tolerably  white  colour.  It  is  dissolved 
in  a  large  Quantity  of  water,  with  as  little  carbonate  of  sodium  as  possible,  and  again 
precipitateo,  first  with  a  little  sulphuric  acid,  and  then,  after  the  filtration,  with  an 
excess  of  acid,  by  which  a  white  precipitate  is  formed.  This  is  washed  with  water, 
dried,  and  dissolved  in  alcohol,  which,  by  spontaneous  evaporation,  yields  quite  white 
and  very  large  crystals  (£.  Simon).  Erdmann  and  Marchand  purify  the  acid  by  dis- 
tillation, pressure  between  paper  moistened  with  alcohol,  and  repeated  cr^'stallisation. 
D.  Howard  (Chem.  8oc.  Qu.  J.  xiiL  72)  finds  that  cinnamic  acid  prepared  from  liouid 
ftoraz  contains  a  small  quantity  of  benzoic  acid,  firom  which,  however,  it  is  purified  by 
siystallisation  from  alcohol. 

c.  From  Balsam  of  Ptru, — When  the  slimy  residue  which  deposits  in  Peruvian 
balsam  by  keeping,  is  dissolved  in  warm  alcohol,  and  tlio  filtrate  is  placed  in  a  tall 
and  narrow  cylinder  with  a  layer  of  water  on  the  top,  cr^-stals  of  nearly  pure  cinnaniio 
acid  separate  in  a  few  days  fn>m  the  clear  brown  licjuid  (H  erberger).  ^Vhcn  Peru- 
vian balsam  is  Nnled  with  thick  milk  of  lime,  the  liquid  filtered,  tlie  residual  magma 
exhausted  three  or  four  times  with  boiling  water,  and  the  solution  again  filtered,  the 
filtrate  deposits  on  cooling,  loose,  almost  whij^e  masses  of  crystals ;  and  these,  when 
decomposed  by  hydrochlonc  acid,  yield  nearly  pure  cinnamic  acid,  which  may  be  ob- 
tained perfectly  pure,  either  by  distillation,  or  by  solution  in  ammonia,  filtration,  and 
precipitation  while  hot  by  hydrochloric  acid  (R  Kopp).  Simon  proceeds  as  with 
^tjroz. 

3  A  4 
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d,  Frtm  Baisam  of  Tolu. — BalMun  of  Tola  id  boiled  six  or  seren  times  with  w<iii* 
tions  of  carbonate  of  Bodiam,  whidi  are  taken  continually  weaker  (the  last  extnetsouly 
contain  a  little  benzoic  acid,  produced  by  the  action  of  the  alkali  on  the  reain) ;  and 
the  alkaline  decoctions  are  strongly  concentrated  by  evaporation,  and  pn»cipttat4Hl  tmt 
by  hydrochloric  add,  whereupon  most  of  the  einnamic  acid  melts  into  a  brown  resin, 
and  but  little  dystaUises  out  on  cooling  The  latter  is  pressed,  the  rrain  is  polTerised, 
and  both  are  dissolved  in  ammonia  diluted  with  2  pts.  of  water,  and  heated  to  80^  C. 
The  greater  part  of  the  resin  then  remains  diseolred.  The  liquid  is  filtered ;  the  t^ 
sidue  is  boUMl  with  water ;  and  the  whole  of  the  very  brown  liquids  are  evaporated 
and  decomposed,  while  boiling,  by  hydrochloric  add,  whereupon  most  of  the  add  again 
melts,  while  the  remainder  seprates  out  on  cooling  in  nesrly  white  c^stalline  sc^ei*. 
which  are  pressed,  and  washea  with  a  little  cold  water.  The  melted  acid  is  also  washe«i 
with  a  little  water.  The  whole  of  the  add  is  heated  in  a  porcelain  dish  ooTered  wttli 
]mper  till  the  water  is  expelled  —  yery  little  add  subliming  even  at  200^  C. —  and  the 
fused  residue  is  bruised  and  distilled.  Pure  dnnamie  acid  then  passes  over  as  a  ooloor- 
)<^t>8,  clear,  strongly  refracting  liquid,  which  solidifies  to  a  white  crystalline  mass  like 
Htearin.  Tovrards  the  end,  yellowish  yapours  arise,  which,  when  collected  in  anothir 
receiver,  solidify  into  a  mass  of  add,  which  is  contaminated  by  the  presence  of  the  em> 
iiyreumatic  oils  of  the  resin,  but  may  be  obtained  quite  pun  by  rcoystalHsation  from 
boiling  water.    (£.  Kopp.) 

Propertka. — Cinnamie  add  ciystallises  in  colourless  prisms  or  lamine  belonging  to 
the  monodinic  ^stem.  Ordinary  combination,  ooP  .  [  ooPoo  ]  .  [Poo  ].  Ratio  of  oHho- 
diagonal,  clinodiagonal,  and  prindpal  axis  »  0'3674  :  1  :  1*1694.  Indination  of  dino- 
diagonal  to  prindpal  axis  -»  82^  68'.  Cleavage  perfect  parallel  to  [  oopoo  ].  Specific 
gravity  of  crystals  «  1'196. 

Cinnamie  add  dissolves  sparingly  in  cold  water,  easily  in  boiling  water,  alcohol,  and 
ether;  water  precipitates  it  from  the  alcoholic  solution.  It  melts  at  129^  C.  and  bdls 
without  decomposition  at  293^  (Dumas  andP^ligot),  at  300^--S04<>  (REopp),  with 
or  without  decomposition,  according  to  the  manner  in  which  it  is  heated.  If  enclosed 
in  a  sealed  tube,  it  may  be  heated  to  200^  C.  (in  a  parafiin*bath)  for  several  houm 
without  alteration.     (Howard.) 

Decomposiiuma. — 1.  Cinnamie  acid,  when  slowly  distilled,  is  resolved  into  cinnamene 
and  carbonic  anhydride:  C»HW  «  C"H»  +  C0»,  a  small  quantity  of  stilbenc,  C"B'- 
being  likewise  produced,  and  passing  over  with  the  cinnamene  (Howard). — 2.  On  red- 
hot  platinum-foil,  or  in  the  flame  of  a  candle,  it  bums  with  a  smoky  flame  (Bisi  o).  On 
red-not  charcoal,  it  evaporates  without  flame  produdng  a  strong  biting  smoke. — 3.  Strong 
au/phuric  acid,  or  atdpkuHc  anhydride^  converts  it  into  sulpho-dnnamic  add. — 4.  Cin- 
namie add  heated  with  excess  of  iodiw,  melts  to  a  dark  brown  mans ;  and  when  this 
m2a»  is  heated  with  water,  and  tiie  excels  of  iodine  expelled  by  evaporation,  iododn* 
namic  add  crystallises  out  on  cooling  (Herzog).~6.  Bromine  passed  over  cinnajna*!' 
of  silver  forms  bromocinnamie  add  (H  e  r  z  o  g).---6.  Chlorine  passed  in  dififbsed  daylight 
over  dry  cinnamie  add,  forms  a  tough  greasy  substance,  which,  when  heated  with 
carbonate  of  potassium,  forms  chlorocinnamate  of  potassium,  and  deposits  a  white  oil 
containing  chlorine  (H  er  z  og).  The  same  products  are  formed  when  chlorine  is  passed 
into  warm  aqueous  cinnamie  acid  or  cinnamate  of  sodium,  and  when  cinnamie  add  is 
distilled  with  hypochlorite  of  calcium  (Stenhouse,  E.  Kopp),  or  with  chlorate  of 
potassium  and  hydrochloric  add. — 7.  Strong  nitric  acid  conyerts  cinnamie  add  into 
nitrobenzoic  add,  provided  the  mixture  be  kept  cool ;  otherwise  nitrous  fVimcs  are 
eyolved,  and  hydride  of  benzoyl  is  first  obtained,  then  benzoic  and  nitrobenzoic  adds. 
The  same  products  are  formed  on  heating  dnnamie  acid  with  more  dilute  nitric  add. 
—  8.  Boiled  with  peroxide  of  lead  in  aqueous  solution,  cinnamie  add  gives  ofT  the  odour 
of  bitter-almond  oil,  while  the  peroxide  of  lead  assumes  a  light  yellow  colour,  and  is 
partially  converted  into  benzoate  of  lead.  This  behaviour  serves  to  distinguish  dn- 
namie acid  from  benzoic  acid  (Stenhouse). — 9.  Cinnamie  acid  distilled  with  su/pAt^/c 
acid  and  acid  chromaU  ofpotaaaiwn,  yields  oil  of  bitter-almonds  (Simon). — 10.  With 
pentachloride  of  phoaphorua  (also  the  trichloride,  according  to  B^ehamp),  it  yieldn 
chloride  of  dnnamyl  (C  a  hours). — 11.  Fused  with  hydrate  of  potaaaiwmy  it  giyes  nff 
hydrogen,  and  forms  acetate  and  benzoate  of  potassium,  a  small  quantity  of  salicylate 
of  potassium  being  also  produced  by  the  action  of  potash  on  the  benzoic  add  pr^ 
viottsly  formed  (C  h  i  o  z  z  a) : 

0»H»0*  +  2EH0  =  OWKO«  +  C'H'KO"  +  H«. 

Cinnamie  acid  is  not  decomposed  by  boiling  with  strong  caustic  potash  (Simon). — 
12.  In  the  dry  distillation  of  the  alkaline  cinnamates  or  of  cinnamie  acid  with  tauaUe 
baryta  or  lime,  a  carbonate  is  formed,  together  with  cinnamene  and  benzene. — 
18-  Cinnamate  of  calcium,  distilled  with  formate  of  ca/ciumf  yields  dnnamie  aldchjrfle 
(Piria,  The  reactions  6,  7,  and  8,  serve  to  distinguish  cinnamie  acid  fiN'm  Wnaoiis 
Hcid. 
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LUX  TBI. — CiDDiuiiie  Bcid  is  monobkBic.  thefbrmDlaof  itaKillsWiiigCH'Mr)'. 
I  erjBUIUnble,  ind  bear  conHidenibtfl  membUnoe  to  the  benzo&tM.  The 
IM  of  the  sUuli-metals  uv  vwily  Bolublp  in  irater ;  thoM  of  the  euth-melul« 
■7  metal*  ■parin);!]'  lolubLe,  the  lesst  soluble  being  the  eilrer-uilt.  They  dit- 
re  leadilj  in  watpr  eontuniog  chlorides  or  nitrate*. 

>lDtJoiia  of  moat  riniiiimal«  yield  a  precipitate  of  cinwunic  add  when  deeom- 
!  the  elronger  acida.  Cinnamat«  am  dccompoaed  by  diy  dintillation,  gi*ing 
.our  of  biltei^altnonda.  With  strong  nitric  acid,  they  turn  jellov,  and  gin  off 
r  of  oil  of  aDDaiDoii  and  bitteT-&lmoad  oil  The;  likeviae  yield  bitter-almond 
dialiUed  with  ckroniic  add.  Wilh/nTtcBalla,  liej  gire  a  yellow  pivcijritatp, 
a  Bunganotu  lalta,  the  dnaamate  being  in  excrn,  a  white  pr*cipitat«  which 
nmea  yellowish  and  ctyatalline.  Benzoate*  girt  a  icddiih  precipitate  with 
It*,  and  none  with  manganooi  uita.  The  cinnamate*  bare  been  inreetigated 
7  Herioe  (J.  pr.  Chem.  uLtfil),  and  E.  Kopp  (Compt  rend.  liii.  63t). 
nutt  ef  AluBiinium, — Loose  white  powdec,  apaiingly  solnhle  in  cold,  easily  in 

mate  a/  Ammmium,  2CH*(NH')0"-t  «o.— Sparingly  loloble  in  cold  water  : 
ammonia  when  melted,  yieldia^  n  cnetalliiie  anblimate  and  a  resinous  naidu*. 
c«M0f  dnnamic  acid,  it  forma  an  acid  salt  still  less  solable  in  water.  (H  erzof .) 
mate  of  Antimony  and  PoioMnum  is  depoaitcd  from  a  mixtare  of  cinnamattr 
■iam  and  tartAT-emrtic,  in  delirate  hydraled  crjatala,  which  irdissolte  if  left 
tg  time  in  the  liquid.  The  salt  yielda  by  calcination,  a  colonrleas  nsidoe, 
lerreKCT  with  acida,  and  is  coloured  orange-red  by  SHlphorettmi  hydrogen. 
B-) 

maU  of  Barium,  C"H"Ba'0'  +  aq. — Predplale,  solnblo  in  boiling  water, 
■ing  OD  cooling.  OiTea  off  its  wnter  at  110°  C.  (Henog.)  Accontiug  to 
I,  Uie  salt  form*  broad,  irregnlsi',  UBDspnront,  nacreous  lamiiue  containing 
t'O*  -f  2iiq..  becomes  anhydrous  at  140**  C,  and  when  distilled  with  excees  of 
hydrate,  yields  ttaarly  pure  cinnameas. 

DRo&i  d/  Calcium,  C"H"Ca"0'  +  Saq.— Very  little  soluble  in  cold  water, 
I  boiling  water,  whence  it  Bepnntes  in  liglit  crynlJilline  masse*  (Heraog).— 
a'O'  -I-  3aq.  White  sbining  needles  composed  •.{  thin  tuicreoas  laminai,  hsTiiig 
n  of  nearly  rectangular  parallelograms.  It  giTei  off  onetliinl  of  its  wuter 
posed  to  the  air  at  oidinary  temperatures,  and  the  rest  at  160°  C.  (E.  Kop[>.) 
iBiort  of  CoMi. — -RosoMailoured  precipitate,  soluble  in  alcohol.  (Henog.) 
inaJ«n/a>pFKr,C''H"(:aO*.Khi'lI=0'.~ThBgreenish-blueprseipitat«  obtained 
le  decompoeition.  is  a  highly  hydraled  basic  salt.  When  heated,  it  looes  its 
lour  and  decomposes,  giving  off  cinnamic  add  and  cinnamene,  and  lairing 
copper  mixed  with  charcoal.  , 

inula  of  Iron. — Both  the  /errie  and  Jarout  nits  are  yellow  precipitatts, 
y  aolubU  in  water.    (Henog.) 

mate  of  Ltad,  C"H"Pb'0*. —Granular  dratalline  powder,  anhydrous  aud  in- 
in  water  (Heraog).  Sometimes  obtained  in  lamitiK  flattened  or  elongated 
dies,  and  in  small  hard  rounded  grains  (E,  Kopp).  Alcohol  eitmcts  a  portion 
innamic  acid,  leaving  a  basic  salt. 

tnate  of  MtMteivm.  C"H"SIg'0'  v  3aq.,  crystallised  in  the  cold,  forms  small 
•edtes,  which  quickly  became  opaque  oD  being  exposed  to  the  air.  From  n 
KilutioD  it  sepaJBtes  in  tufts  of  ahining  needles,  formed  by  the  superposition 
■atsd  laminn,  very  thin,  and  of  nacreoua  aspect.  It  melts  at  200°  C.  and  be- 
nhydrous. 

•anouM  ftBHOBtafe,  C*H"Mn"0'  t  Saq.- — Tullo wish-white  orjstalline  predpt- 
ich  diBBoIves  in  boiling  water  acidulatrd  with  acetic  acid,  and  separate*  Uier«- 
ahining  yeliowish  laminK,  suporposed  oa  one  another.     (E.  Kopp.) 
irouA  CinnamaCf. — White  cuidy  protipildte. 
ii«atf  o/Nic/cel.—Omn  precipitate  soluble  in  alcohol. 

iniale  vf  Potatiium,  2C'H'K0'  + aq.— Crystals  belonging  to  the  monoclinir 
giving  off  their  wutpr  at  ISCC.  anii  decrepitating  when  strongly  and  snddeul; 
It  is  very  soluble  in  wafer,  but  lees  so  than  the  benioate ;  mo.lcrately  so'uble 
ol(HenOB).  From  a  rather  atrong boiling solutionconlaining  eiccssof.-uuitlic 
it  ciystallifCB  n-adily  in  nacreous  needles,  which  are  anhydrous.  (E.  Kopp.) 
I  cinnamic  acid  is  dlsxolred  in  ii  hot  solution  of  dnnamate  of  potassium,  u 
y  soluble  acid  lalt  is  depoEiited  on  cooling.     (Henog.) 

imaU  of  SUvtr,  CH'AgO'.— White  curdy  predpitate,  becoming  crystalline 
while ;  not  much  altered  by  light.  It  is  inaolubla  in  boiling  watar,  but  dis- 
lightly  in  the  liquid  from  which  it  ha*  been  precipitated  (Benog).  White 
ate,  or  silky  nacreoua  nocdles  composed  of  small  elongated  lamina,  often 
cd.    (E.  Kijpp.) 
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Cinnamate  of  Sodium,  2C?'H»NaO*  +  aq.— Cnrstiila  with  dull  mafact^,  wliieh  ghre  off 
their  water  at  110^  C.  (Herzojr).  The  anhydroiis  salt,  C»H'NaO*  +  2aq.,  cryrtaUisrt 
in  crusts  surmounted  with  tuft*  of  small  needles,  or  in  compact  noduiet.  From  « 
Holution  in  weak  caustic  soda,  it  crystallises  in  beautiful  needles  containing  J  at  witer 
of  crj'stallisation.  In  strong  caustic  soda,  it  dissolves  but  spanngly  at  common  tempe- 
mtures,  separating  in  hard,  yellowish, radiated, anhydrous  spherea.    (E.  Kopp.) 

Cinnamate  of  Strontium,  C'"II'*Sr'0*  +  tsiq.,  when  rec«aiiy  cryNthJlitted.  torms  whiK. 
iiiicreous,  nearly  opnque  needles,  composed  uf  very  small  prisms.  It  is  mndi  nior» 
s')luble  in  hot  than  in  cold  water ;  gives  off  1  at.  water  when  exposed  to  dry  air,  aoJ 
the  rest  at  1 40°  C.     (E.  K  o  p  p. ) 

Cinnamate  of  Tin. — The  alavnic  salt  is  a  white  precipitate.     (H  erzog.) 

Cinnamate  qf  Uravyl. — Yellow  precipitate,  sparingly  soluble  in  toiliiig  w&ter. 
(Ilerzog.) 

Ciunamate  of  Zinc. — Cinnamic  acid  dissolves  sine  at  the  boiling  hcit,  with  erolntyjc 
of  hydrogen.  The  salt  is  moderately  soluble,  And  crystallises  by  evapiration  (Her- 
zog).— C'*H**Zn"0*  +  2aq.  White  precipitate,  which  dissolves  in  l«>iling  water,  ac! 
crystallises  therefrom  in  shining,  transparent,  prismatic  needles,  sometimes  gr>ifpft 
like  mushrooms.     (E.  Kopp.) 

Cinnamic  Ethers.  Cinnamate  of  Ethyl,  Om^K>*^(?W{C*W)G*.  (H^r- 
BOg,  Arch.Pharm.  [2]  xvii.  72. — Marchand,  Ann.  Ch.  Pharm.  xxxii.  270. — E.  Koj^ 
J.pr.Pharm.  [3]  xi.  72.— Plantamour,  Ann.  Ch.  Pharm.  xxx.  345).— This componod 
is  easily  obtained  by  distilling  a  mixture  of  4  pts.  absolute  alcohol,  2  pta.  cinnimie 
acid,  and  1  pt  sulphuric  acid,  cohobating  the  product  several  times,  agitating  with  trUer 
the  oil  which  remains  in  the  retort,  and  rectifying  over  massicot  It  is  a  limpid 
liquid,  of  specific  gravity  1'3,  boiling  at  262°  C.  (Herzog);  at  266°,  when  the  cor- 
rection is  made  for  the  column  of  mercury,  projecting  above  the  retort  (IL  Kopp). 
Vapour-density  =  6*537  at  291°  C.  (by  calculation  for  2  vol.  «  6*101). 

Cinnamate  of  ethyl  is  nearly  insoluble  in  water,  but  dissolves  readily  in  alcohol  and 
in  ether.  It  is  scarcely  attacked  by  fuming  nitric  acid.  Alkaline  hydrates  easily  coo- 
x-ert  it  into  alcohol  and  a  cinnamate  of  the  alkali-metal. 

Cinnamate  of  Methyl,  C»«H'»0-=  O'n'(ClP)0«  (E.  Kopp,  Compt. rend. xxL 
1376).— Obtained  by  satunitinfjj  a  mixture  of  cinnamic  acid  and  woo<l-8pirit  with  hy- 
drochloric acid  gas  at  a  gentle  heat^,  precipitating  the  product  with  water,  then  dnriog 
and  rectifying.  It  is  a  colourless,  oily  liquid,  having  an  agreeable  aromatic  odour. 
Specific  gravity  1*106.     BoQing  point  241°  C. 

Cinnamate  of  Benzyl,  or  Cinnamein  (p.  982). 

CinnamateofCinnyl,C^W*0*^  O»R'0{(yB*)0.  Cinnamyl-stffranr,  Styroei*. 
(Bonastre,  J.  Pharm.  June.  1831,  p.  338.— E.  Simon,  Ann.  Ch.  Pharm.  xxxi.*36&- 
E.  Kopp,  Compt  chim.  1850.  p.  140. — To«l,  Ann.  Ch.  Pharm.  Ixx.  1. — Streckft; 
ibid.  Ixx.  40;  Ixxiv.  112. — Plantamour,  ibid.  xxviL  239;  xxx.  341. — Gossmana. 
ihid.  xcix.  376.— Scharling,  ibid.  xcviL  90,  174.— Gm.  xiiL  286.— Oerh.  iii.  403.)- 
This  compound,  which  bears  to  cinnylic  alcohol  or  styrone  (p.  992)  the  same  relatit« 
that  acetate  of  ethyl  bears  to  common  alcohol,  is  contained  in  liquid  storax  (p.  4971k 
together  with  cinnamic  acid,  styrol,  and  several  resins ;  also  in  balsam  of  PeiiL 

Preparation  from  Storax. — 1.  The  balsam  is  distilled  with  water  to  expel  thestjrol, 
and  then  boiled  with  aqueous  carbonate  of  sodiunu  whicli  extracts  the  free  cinnamic scil 
The  residue  thus  obtained  is  a  resinous  spongy  mass,  which  cont-ains  oily  styiacin  in  its 
] tores,  and  when  kneaded  with  the  fingers  becomes  more  and  more  com)>act,  while  thr 
oily  styracin  runs  out. — 2.  Toel  dries  the  resinous  cake  which  remains  after  boQifif  tht 
liquid  storax  with  carbonate  of  sodium,  after  it  has  lieen  freed  from  the  solntioa  d 
cinnamate  of  sodium ;  macerates  it  repeatedly  with  cold  alcohol  which  extracts  the  (•• 
louring  resin,  and  leaves  most  of  the  styracin  but  little  colourcii ;  and  obtaini  tht 
styracin  quite  pure  by  repeat«'d  crystallisation  from  ether-alcohoL — 3.  Wolff  allovs  the 
resinous  cake  to  stand  for  some  time  in  cold  alcohol,  when  it  soon  becomes  crystalline; 
frees  the  crystals  from  resin  by  dissolving  them  in  boiling  alcohol,  and  precipitahsc 
the  resin  with  acetate  of  lead ;  and  frequently  recr}'stallises,  first  from  ether-aleohci 
then  from  ether. — 4.  After  distilling  liquid  storax  with  water,  and  repeatedlv  hoilxB$ 
the  residue  witli  carbonate  of  sodium,  the  undissolved  portion  is  slowly  allowed  to 
cool  to  30°— 40° :  the  ma.«*s  then  becomes  tough  and  8|X)ngy,  and  a  yellow  oil  ci^n** 
iu  its  pores.  This  oil  made  to  run  out  by  kneading  and  pressing,  and  then  filtrx«4. 
solidifies  after  some  time  into  a  crystalline  mass,  which  is  purified  bj  reciystallintka 
frum  alcohol  The  residual  mass  still  contains  much  styracin,  and  is*  therefore  worM 
up  for  styrone  (E.  Kopp). —5.  The  residue  left  after  distilling  liquid  storax  wish 
water,  senaratcH  when  repeatedly  lH>iled  with  carbonate  of  sodium,  into  a  sohM  dars 
n*sin,  and  liquid  styracin.  The  latter  is  ix)uiv<l  off,  transferreii  to  a  fla^k.  whirhil 
placed  in  an  oil-bath  at  the  temi>eraturc  of  1S0°C.,  and  distilled  by  parsing  ^'-a** 
heatcil  to  180°  through  it;  it  then  passes  over  as  a  white  milky  oil,  which,  wh<s  fitt^ 
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T,  solidiflts  on  gtuiiling  in  open  Teasels,  to  ■  Mull}'  eolouml  CTjitalliue  maxH. 
IT  1m  recrjsCallised  from  alrohol  (Scliarling). — 8.  Liquid  slomi  is  mact-- 
lig«i[«d  at  a  temperalore  not  exceeding  30°  C.  with  S  to  S  ptc  of  dilutflBodi- 
le  reflidae  becomea  eoJourieaB ;  tJiii  remdae  u  collected,  wuahod,  dried  and 
in  uleohal  caDldimng  ether;  uid  &om  the  lolution,  which,  if  Dot  colourlesii, 
Budend  10  bj  treatment  with  aninul  ehiitco&l,  pure  itjmcin  oyBtalliHa  out. 

Ut*. — Ciooamtte  of  etiiiifl,cr  tIjncuiiCrjstalliKB  in  tofts  of  bentifulpriiimB, 

of  tuts  and  odaor,  inaohible  in  vatar,  ipaiinglj  lolnble  ia  cold  alcohol,  Ter/ 

I  ether.     It  meita  at  44° C.  fToel,  Scharling),  at  38°  (E.  Kopp),  add  re- 

uid  and  TiaeoDi  for  a  Ions  tune  after  cooling.     It  diatila  without  decompOHi- 

eam  heated  to  180°  C.    (Sehaf  ling.J 

ting  aturax  as  above  deecribed.  itjrBcin  ia  avBrtiiaM  obtained  in  a  liquiil. 

Usable  alsta,  eapectallj  if  it  has  been  left  too  long  in  contact  with  ai-taa  to 

im  the  laat  tnces  of  hkIb. 

xiiiiiom. — Stjracin  in  contact  with  eauatic  alkalis  tolidiQea  to  a  masa  of 

ated  gmnaies.    When  distilled  with  potaah,  espedall^  with  atroiig  alcoholic 

;  is  decompoaed  like  other  compound  etlieni,  yielding  einnyUc  alcohol  (atyniw) 


Clniumus  Cinn.llc         Clrniuk 

ritb  nilrie  add  it  yields  hjdrids  of  bemojl,  hTdroejanic  acid,  benzoic  and, 
benzoic  acid.  With  c/iromic  acid,  it  yields  hydride  of  bensoyl.  benzoic  add, 
■in.  With  a  mixture  of  lulpiurie  aeid  and  prroxide  of  maaganett,  it  yields 
if  beniojL  With  ilrang  lulphuric  acid,  it  yields  cinnamic  acid  and  a  brown. 
>,  soluble  in  water,  insoluble  m  saline  solutions. 

BtJjttitvlicm-deTiiitttivrt  of  Cinnamie  Add. 
lOClMHaicio  Acid.    CQ'BrO'. — This  acid  is  obtained  by  pasains  bromine 
a  excess  over  dnnamate  of  ailrer.  trcutmg  the  decompose  salt  with  ether. 
lorating  the  filtered  solution.     A  thick  oil  then  remains,  which  diasoli 


t) 

iBoclMMiKio  Acid.  CH'aO'.  (E.  Kopp  J.  Phsrm.  [3]  ivi.  426.— Toel, 
.  Fharm.  In.  7.) — Obtained:  1.  By  passins  chlorine  into  a  cold  eolntion  of 
:acid  in  concentrated  carlnn ate  of  aodiam  (Kopp).— 2.  BytheactJOQ  of  alco- 
ash  on  an  alcoholic  aolalion  of  chloroatTracic,  a  chlorinaled  oil  and  chloride  of 
n  being  formed  at  the  aame  time.  The  mixture  soon  solidifies  to  a  pulp, 
washed  with  alcohol,  pressed,  diasolved  ia  a  smalt  quantity  of  boiling  alcohol. 
ed  with  eiceaa  of  hjdrochlorie  arid.  Chlorocinnamie  acid  tbeo  erjstallisvs 
Doling,  acd  may  be  pnrified  by  reerjfsUlliaation. 

cid  crjatallisea  in  long  shining  odourless  needles,  melting  at  132°  C.  and  suli- 
t  a  higher  tenperature.  Its  Taponr  exdt^  coughing.  It  is  aparingly  soluble 
rater,  melts  in  boiling  water,  diisolves  easily  io  alcohol  and  ether. 
vinnamatt  of  Amnumivm,  2CH'C1(NH')0' +  aq.,  forms  curved  arbori-s- 
Edles.  The  potauium-tall  fbmw  lostroos  pearly  flakes.  Tlie  barinm-tali. 
BsO'+  aq..  is  precipitated  as  a  white  powder,  lotnble  in  boiling  water,  and 
aing  therefrom  in  shining  lamina.  Tlie  calcium-tall  is  aparinqly  soluble,  and 
■s  the  harintn-Mlt.  The  lilvrr-xilt.  CH'CIAgO',  is  obtaini-d  hy  pn-cipiuition 
'.  volutions,  in  slender  needles  which  blacken  on  exposure  to  liKht. 
xinnamatt  of  Cinngl  or  CAloroa/gracin.  C"H'"C1'0".— Chlorine  converts  sty 
o  a  viscid  substance,  having  an  acrid  taste  and  an  odour  like  that  of  copaiba 
It  ia  innolublc  in  water,  soluble  in  boiling  alcohol  and  ether,  whence  it  scpa- 
the  tmorpLons  state.  It  is  decomposed  b;  potash,  yielding  a  chlorinated  oil. 
unamate  of  potassium,  and  chloride  of  poliijsinm.  Distilled  in  a  current  of 
,  it  forma  a  rolstile  chlorinated  liquid  and  a  cryatallisable  chlorinated  add,  the 
which  also  ciystallisB  readily.     (E.  Kopp.) 

:ociHM*i(icAciD.  CH'(NO')0'.  (Mitscherlich,  Ann.Ch.  Pliy9.[3]iv. 
Kopp,  Compt.  chim.  18  ;9,  p.  U6  ;  Compt.  rend.  liiL  634.— J.  Wolff.  Ann.  Cli. 
Ixiv.  303.)— This  acid  is  pnKliiced  by  (lie  a.-tion  of  ationg  uilric  acid  on  cin- 
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namic  acid  (Mitscherlich,  Kopp),  or  bj  heatine  styrone  with  nitric  acid,  to  which 
urea  is  added  to  preveiit  formation  of  nitrous  acid  (Wolff).  To  prepare  it,  concen- 
trated nitric  acid  is  freed  from  nitrons  add  by  boiling,  and  after  eooung,  about  one- 
eighth  of  cinnamic  acid  is  added.  The  dnnamic  add  dissolTes  in  a  tew  minutra  without 
disen^gement  of  gas,  the  liquid  becomes  heated  to  40^  C,  and  a  mass  of  czystals  is 
deposited.  In  order  to  obtain  laiger  quantities,  dnnamic  add  is  triturated  with  nitric 
acid  and  cooled,  so  that  the  temperature  may  not  rise  above  60^ ;  the  maas  is  washed 
with  cold  water,  till  all  nitric  add  is  removed,  then  dissolved  in  boiling  alcohol  and 
filtered;  and  the  resulting  crystals  are  washed  with  oold  alcohol  (Mitscherlieh). 
Kopp  dissolves  1  pt  of  powdered  cinnamic  add  in  8  pts.  of  monohvarated  nitric  add 
freed  from  nitrous  add  by  passing  a  dry  stream  of  air  through  it,  the  mixture  then  so- 
lidifying almost  immediately,  in  consequence  of  the  czystalliaation  of  the  nitrociuismie 
add ;  washes  the  magma  witii  water ;  then  dries,  and  sets  it  adde  for  twenty-four  hours 
with  4  pts.  of  oold  alcohol,  which  removes  any  benxoic  add  that  may  be  prenent 

The  add  forms  verr  small  white  crystals,  with  a  faint  yeUowish  tint.  It  melts  at 
about  270^  C,  and  solimfies  to  amass  of  crystals  on  oooline;  lioils  a  little  above  270^,  nith 
decompodtion.  It  is  nearly  insoluble  in  oold  water,  ana  dissolves  but  sparingly  in  boil* 
iuff  water ;  1  pt  of  it  dissolves  in  827  pts.  of  absolute  alcohol  at  20°  C.  Boiung  hj^o- 
ofaloric  aoid  (Ussolves  it  without  decompodtion  (Mitscherlich.)  With  aulpkide  oj 
ammonium  it  forms  carbostyriL  When  it  is  dissolved  in  alcoholic  sulphide  of  ammtv 
nium,  sulphur  separates  on  gently  warminff  the  liquid,  while  a  yellow  resin  and  an  alka- 
loid remain  dissolved.  Nitrocinnamic  acid  may  be  boiled  with  excess  of  alkali  without 
decompodtion. 

Nitrocinnamic  add  is  but  a  feeble  acid;  nevertheless  it  forms  neutral  sails,  and 
decomposes  alkaline  carbonates.  The  nitrocinnamates  of  the  alkali-metals  are  wiry 
soluble,  the  rest  are  insoluble  or  sparingly  soluble;  they  deflagrate  when  quickly 
heated,  espedally  the  potassium-  and  sodium-salts. 

Nitrocinnamate  of  Ammonium  ^res  off  its  ammonia  when  evaporated  to  dryness;  its 
solution  predpitates  the  salts  of  calcium,  strontium,  and  magnesium  when  they  are 
concentrated,  but  not  when  they  are  dilute. 

SitrocinuamaU  of  Barium,  C*"H>^NO*)*Ba''0«  +  3aq.,  ciystallises  from  a  boiling 
solution  on  cooling,  in  stellate  groups  of  yellowish  needles.  The  strontittm-feit, 
C*"H'2(N0'')*Sr*0*  +  6aq.,  may  be  obtained  in  small  yellowish  crvstiils  grouped  in 
nodules ;  it  is  moderately  soluble  in  cold  water.  The  calinnm'Sa/t,  C'*H"(NO*)"Ca'0* 
f  3aq.,  forms  small  yellowish  white  agglomerated  grains  having  a  crystalline  asprrt. 
The  magmsivm'salt,  C'»H'*(N0«)-'Mg"6*  +  Baq.,  crystallises  in  yellowish  whiU 
nodules,  which  dissolve  with  tolerable  facility  in  water,  especially  if  warm. 

Nitrocinnamate  of  Copper. — ^Bluish- white  precipitnto,  which  becomes  darker  when 
air-dried.  When  mixed  with  sand  and  distilled,  it  yields  benzoic  acid,  nitrodnnamcnr 
having  the  odour  of  oil  of  cinnamon,  and  a  small  quantity  of  nitrobenzene. 

Mercuric  nitrocinnamate,  C"'H'*(NO')'Hg''0*,  is  thrown  down  from  boiling  solutions 
of  mercuric  chloride  and  an  alkaline  nitrocinnamate,  as  a  brownish  anhydrous  prvcitM- 
tate.  The  mother-liquors  deposit  on  cooling  a  cirstalline  mass  of  very  light  bulky 
arborescent  tufls,  consisting  of  the  double  salt,  HgnCl«.C"H'»(NO«)«Hg"0*  +  8aq. 

Nitrocinnamate  of  Potaseittm,  C*H'(NO-)KO^ — ^Very  soluble ;  (a^stallises  in  mamel- 
lated  groups  by  spontaneous  evaporation.  From  solution  in  boiling  alkaline  ley,  it 
crysta&ises  in  prismatic  needles.    The  eodium^alt  resembles  the  potassinm-calt 

Nitrocinnamate  of  Silver,  C*H*(NO*)AgO*. — ^Yellowish  white  insoluble  predpitate, 
which,  when  cautiously  heated,  decomposes  with  projection  of  the  silver. 

NrrnocxNifAxic  BrHBBS.— The  ethyl -compound,  C"H"NO*  «r  0»H«(NO«X^^*H»)0»,  is 
formed  by  heating  nitrocinnamic  add  with  alcohol  and  sulphuric  add  (Mitscherlich, 
J.  pr.  Chem.  xxiL  1 94),  or  by  the  action  of  strong  nitric  add  on  dnnamate  of  ethyl 
(E.  Kopp,  Compt  rend.  xxiv.  615).  It  crystallises  in  prisms,  which  melt  at  186^  C. : 
})oils  with  decomposition  at  300^.  Potash  at  the  boiling  heat  converts  it  into  alcohol 
and  nitrocinnamate  of  potasdum. 

Nitrodnnamate  of  MHhyl  C"H»NC)«  «  C»H«(NO*)(CH")0*  (E.  Kopp,  Compt. 
iH'nd.  liii.  636.) — Obtained  by  heating  nitrocinnamic  add  with  methylic  aloonol,  mix*id 
with  a  small  quantity  of  sulphuric  acid  or  saturated  with  hydrochloric  add  gaa.  Th« 
mixture  thickens  at  first,  then  liquefies  again,  and  finally  a  brown  liquid  is  obtained, 
from  which  the  ether  separates  as  a  crystalline  mass,  which  may  be  purified  by  pn^- 
sure  and  recrystallisation  from  alcohoL  It  forms  white,  delicate,  rather  elongati-»i 
needles,  sparingly  soluble  in  cold  alcohol  and  ether,  and  having  bat  little  odour ;  m^iu 
at  161°  C.  to  a  colourless  liquid,  which  solidifies  in  a  aystalline  mass  on  cooling.  At 
about  200°  C.  it  begins  to  sublime  in  iridescent  crystalhne  plates,  and  at  2Q0°  it  Imti^. 
It  dissolves  in  alcoholic  sulphydrate  of  ammonium,  forming  a  red  liquid,  which  .ifltsr 
wards  turns  brown,  and  when  heated  yields  an  abundant  crystallisation  of  «uli>hur> 
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AWO  AXCOBOL     See  CiinayLic  AlCOKOL. 

JUdO  A&OBKT3IB.     See  CamxxTL,  Htdbids  or. 

AXIO  AKKTmUSB.  C"H"0*  -  {CH'0)'.0.  Cinnamalt  of  Cinnam'/I. 

Ctvnamate.  AnhgdraUM  Cinnami:  Acid.  (Gerhardt,  Ann.  Cii.  PhjB.  (sj 
IS.) — Produced  bj  (he  action  of  oiychloride  otphosphonia  on  wi'Il  dried  cin- 
r  sodiam.  tti«  benl  proportiont  being  1  pt.  af  the  former  to  S  pin.  of  tlie  Utter, 
iici  ij  VHihed  aiLh  water  and  urbonate  of  lodiimt,  then  dried  aod  diiiaolTed 
;  alcohol  It  maj  alio  be  oblained  bj  the  action  of  chloride  of  t-innamj'l  on 
zalite  of  potaaaium.  It  crrslalliflea  &om  the  alcohoLie  lolation  as  a  whit* 
a  ■ubntauirr.  rompoeed  of  mli-roscopic  needles.  It  ia  itnolable  in  cold  alcohol, 
tvH  bnt  alightl;  even  in  boiling  water,  bemming  acid  at  the  aame  time.  It 
127°  C. 

amuao  Aicbtdbidb.  Cn^).C*H'0.0.  See  Acme  AMsmsioa  (p.  21). 
diRiiJiic  AsHTDBiDK.  CH'O.CH'0.0.  Seo  Bewoio  Akhtdbidb  (p.  fiB8). 
TD(ii*>ac  AMHTiiHinB.  C"H'=N'0'  -  [C"H'(NO')0]".0.  {Chiozia,  Ann. 
.  [2]  mil.  231.— Gerh.  iii.  388. )— Produced  bj  the  action  of  oijchloride 
\orua  on  nitrocinn unite  of  potsMunm.  It  melts  m  boiling  water  more  eaail; 
ocinnamic  aeid.  forming  a  yellow  kneadabte  reain.  It  easily  takes  up  water. 
□Tcrled  into  idtiocinDamic  acid.     With  ammonia,  it  eaallj  fomu  nitrocinna- 

nitTocinnamate  of  ammoninm.   WiChalcobol,  it  fbrma  mtrodniiamaleorethj'l. 
inglj  iolable  in  ether. 
rAWIoaXHSKS.     SeepngeSee. 

tJLMmm.  CH'NO  -  N.H'.CH'0.—Ch]orideDfeiDDam7l treated withdij 
,  jielda  aal^ammoniac,  together  with  a  white  eubatJJice  which  diuolTca  \z 
Icohol.  and  wponitfla  in  delicite  needlei  in  cooling.  (Cahonra.) 
crasAlooi.  CHTTO"  -  N.H'.CII'(NO')0.  (Cahonra.  Ann.  Ch.  Phyl.  [3] 
2.)— Prepared :  I.  Bj  the  action  of  aqucona  ammonia  on  the  product  ob- 
f  treating  nitrodnnamate  of  potaaaium  with  oiychloride  of  phoaphorua.  Afl<-i 
I  digestion  at  a  gentle  heat,  the  reaetion  is  complete,  and  the  nitrDdtmaniii; 
le  ia  complelelj  tninaformed  into  nilroeinnamide  and  nitrocinnamate  of  am- 

which  remaini  in  solatioD.  I'he  nitrocinnaniide  ie  collected  on  a  filter  and 
by  cry atal ligation  from  boiling  water. — 2.  By  the  action  of  alcoholic  ammonia 
innamata  of  ethyl ;  thia  prooesa,  boweTer,  lAkea  a  loiig  time,  and  requirea  a 
mtity  6f  alcoboL 

iananiide  aeparaCea  from  eolation  in  boiling  water  in  ahoHeoed,  lui-trona 
Bomptimea  in  graina  and  laminB  having  the  appearance  of  flies'  winga.  It 
d  toma  brown  between  Ififi"  and  160  C,  and  decompoaea  completely  at  260". 
vm  aparingly  in  cold  alcohol,  moderately  in  ether,  and  aeparatea  from  solution 
ig  alcohol  in  amall,  rei^  regular,  hemiapherical  concretlona,  nnoolh  in  the 
Dd  nodular  in  the  lower  part     It  diaaolTes  in  cauHlic  polosb,  producing  a  red 

without  evolution  of  ammonia. 

n.-CiNiiAJiiDB.  Cinnanilide.  K.II.CH'.CII'O.  (Cahonra.  Ann.  Ch.  Pbja. 
i.  314.)— ProdQced  by  the  action  of  phcnylaminc  on  chloride  of  cinnamyl. 
Tee  easily  in  hot  alcohol,  and  aeparates  in  slender  needles  on  cooling.  It  mella 
ntle  heal,  and  distils  compli'lelj  at  a  higher  lempei-ature.  Fotaahnnlalion 
attacks  it,  even  with  aid  of  beat ;  but  wlivn  fused  with  hydrate  of  polasaiDm, 

.NiSTL-CiKSAiout.  Cinmimniudinf.  C"H"N=0'  -  S.ir.C'H'(NO')0.(?H'0. 
ced  by  the  act  ion  of  chloride  of  cinnaniyl  on  nilmuisidiDe  (p.  304).  Yellowi>!i 
sparingly  aoluble  in  cold,  more  soluble  in  boiling  alcohol.     (Cahonra.) 

1^     3yn.  with  pH«i<Ti..<i[(li*mD»  ( Bid.  #i(p.) 

C"H"N'  =  N^Cll")".— A  compound  produced  by  the 
)f  arnmoiiiii  on  hydride  of  cinnamyl.  It  is  analogiius  to  nydrobeniamid.-. 
',  and  islhen'foro  moro  properly  called  hydrocinnamide  (j.  v.) 
VAIKOM,  OIX  or,  and  OZK  OV  CABSSA.  TheM  oils,  whi.'h  are  nearly 
1  in  compoailioD,  are  oblain.'d  from  the  bark  of  different  tnvs  cf  the  genua 
onuiM,  order  Lauraaa,  ™.  oil  of  cinnamon  from  Ceylon  cinnamon,  dnitamD- 
p/iinirani;aud  ol!  of  caaaia,  from  the  bark  of  Chinese  cinnamon,  CiRnanumiufli 
■juiii,  or  from  catiid  budi,  the  nndeveloped  flower*  of  Cinnamomun  Leurttii 
The  oils  are  prepared  by  softening  the  bruiaed  bark  orflowan  with  saltwater, 
g  quickly,  and  drying  with  chloride  of  caldam.  OU  of  cinnamon  has  a  more 
Ib  odonr  than  oil  of  caBsIa.  and  is  therefore  more  eateemed. 
the  oils  cDoaist  mainly  of  cinnamic  aldehyde,  which  maybe  aeparated  by  means 
id  anlphite  of  alkali-metal  (p.  991) ;  also  a  hydrocarbon,  not  yet  examined,  in 
,  but  always  verj-  amall  qup.^tity,  together  with  cinnamic  acid,  aud  resiM. 
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Old  samples  often  deposit  crystals  of  cinnamic  acid.  The  density  of  the  oils  Taries  from 
1*025  to  105 ;  their  boiling  point  from  220<'  to  225<'  0. 

Resins  from  Cinnamon-ou, —  Old  samples  of  the  oil  are  more  or  less  ooloorfd  and 
charged  with  resinoas  matters,  which  remain,  after  the  oil  has  been  distiUed  with  salt 
water,  the  residue  treated  with  cold  water,  to  extract  the  salt,  and  afterwards  with 
boiling  water,  to  extract  cinnamic  add.  According  to  Mulder  (Aim.  Cb.  Pharm. 
xxxiv.  149),  there  are  two  resins  formed  in  the  oil  by  atmospheric  oxidation ;  one, «, 
soluble  in  cold  alcohol,  melting  at  60°  C,  and  containing  78*38  per  cent,  carbon*  6'i9 
hydrogen,  and  15*18  oxygen  :  the  other,  3,  sparingly  soluble  only  in  hot  alcohol,  melt- 
ing at  145^,  and  containing  83*45  per  cent  C,  6*06  H,  and  10*49  0. 

Mulder  likewise  describes  several  other  resins,  some  soluble,  others  insoluble  in  al- 
cohol, produced  by  treating  oil  of  cinnamon  with  sulphuric  acid,  hydrochloric  add,  and 
ammonia :  they  have  all  nearly  the  same  composition  aa  the  ^-redn,  produced  by  at- 
mospheric oxidation.    (Gm.  xiiL  264.) 

OTmr  AMOW-STOra.    A  xariety  of  garnet  (^.  v.) 

cmiUnX-  C*H'0. — The  monatomic  radide  of  dnnamic  add  and  ita  denTs* 
tives.  The  following  is  a  list  of  its  compounds,  and  of  those  of  the  dmyed  radidei, 
chlorocinnamyl,  &c 

Chloride  of  Oinnamyl 

^anide  of  Oinnamyl  • 

Hydride  of  Oinnamyl :  Cinnamie  Aldehyde  . 
Hydride  of  Tetrachlorocinnamyl :  Chlorocinnose  . 

2Vp«HH0: 

Hydrate  of  Oinnamyl:  Cinnanac  Acid 

Hydrate  of  Bromocinnamyl :  Bromoeinnamie  Acid 

Hydrate  of  Ohlorodnnamyl :  Chlorocinnamio  Acid 

Hydrate  of  Nitrodnnamyl :  Nttrocinnamw  Acid  . 

Oxide  of  Oinnamyl :  CfinnanUe  Anhydride  . 

Oxide  of  Oinnamyl  and  Acetyl :  Aceto-einnamic  Anhy- 
dride     •        ••.••... 

Oxide  of  Oinnamyl  and  Beiiaoy\:Benz<hcinnamie  Anhy- 
ttrtAe      •••••••• 

Oxide  of  Nitrodnnamyl:  Nitrodnnande  Anhydride 

TypeT^B}'. 

Oinnamide N.H*.C*H*0 

Phenyl-cinnamide :  Cinnanilide  ....         N.H.0*H».C*H'O 
Nitranisyl-cinnamide:  annitranisidme       .      N.H.C^«(NO*)O.C»H'0 

The  compounds  of  cinnamyl  are  intimately  related  to  those  of  benzoyl,  O'H^O,  and 
are  easily  converted  by  oxidising  reagents  into  hydride  of  benzoyl  and  benzoic  add. 
Cinnamic  add  heated  with  excess  of  hydrate  of  potassium,  is  resolved,  with  evolutioQ 
of  hydrogen,  into  acetic  and  benzoic  adds  (p.  984). 

cmAMTXN  CBXiOSXBa  or.  C»H'O.OL  (Cahours,  Ann.  Ok  Fhys.  [3] 
xxiii  341. — B^champ,  Oompt  rend.  xlii.  224.) — This  compound  is  produced  by  the 
action  of  trichloride  or  pentachloride  of  phosphoms  on  cinnamic  add.  When  the 
pentachloride  is  used,  the  product  is  distilled,  the  portions  which  pass  over  between 
250^  and265<'  0.  being  collected  apart  and  rectified  (Cahours).  With  the  tridilo- 
ride,  the  mixture  must  be  heated  to  between  60°  and  120°  C,  as  long  as  hydztxhloric 
acid  continues  to  escape.  It  then  melts  and  forms  two  layen,  the  upper  of  which, 
consisting  of  chloride  of  dnnamyl,  is  decanted  and  distilled.    (B  ^  c  h  am  p. ) 

Chloride  of  dnnamyl  is  a  heavy  oil,  of  spedfic  gnmty  1*207,  boiling  at  262^  C  Id 
a  moist  atmosphere  it  decomposes  quicklv,  vielding  hy(uochlorie  acid  and  fine  ctystali 
of  cinnamic  acid.  In  contact  with  alcohol,  it  b^omes  strongly  heated,  and  if  water 
be  then  poured  upon  the  mixture,  cinnamate  of  ethyl  separates  as  a.  heavy  oiL  With 
ammonia  and  phenylamine,  it  yields  ciunamide  and  phenyl  dnnamide  reepectiv^y. 
Heated  with  cinnamate  of  sodium,  it  yields  dnnamic  anhydride. 

cmAanx,  CJAMmm  or.  C>«H'NO  =  CH'O.Cy.  (Cahours.  Ue.  cii.) 
— Produced  by  diHtilling  chloride  of  dnnamyl  with  cyanide  of  potassium  or  cyanide 
of  mercury.  A  liquid  then  passes  over,  wmch  rapidly  turns  brown  when  exposed  to 
the  air,  yidding  hydrocyanic  and  cinnamic  adds.  It  still  contains  chlorine,  but  con- 
sists for  the  most  part  of  cyanide  of  dnnamyl 

CZTOAMTIX,  BTBRXna  OF.  CH*0  «  C*H'O.H.  Cinnamic  Atdrhy^^. 
(Dumas  and  P^ligot,  Ann.  Ch.  Pliys.  Ivii.  305.— -Mulder,  Ann.  Ch.  Pharm.  xxxiv. 


.  o^o.a 

.  C^'O.Cy 
.  C'H'O.H 
0»H"01H).H 


C»H'O.H.O 
0»H-BrO.H.O 
C*H-CIO.H.O 
C»H«(N0')0.H.O 
.  (O^H'O)*© 

C»H^O.C»H«0.0 

C»H'0.C»H»0.(t 
[C»H«(N0»)0]K) 


cold  bIcdI 
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atttgaiai,  ibid.  i3ixj.212.~-Gm.  liiL  268.— Oerb.  ia  373.)— Tliis  rom- 
rnu  the  ewentia]  part  of  ojl  of  oLuoiimoa  or  oil  of  c^Bsift,  wid  maj  Iw  te|K-- 
erefrom  by  the  action  either  of  nitric  acid  or  of  ths  add  mlphitw  of  Uib 
-tall. 

eQ  commercial  oil  of  dnnunon  is  ihaken  ap  with  ilrong  nitric  acid.  lar^ 
tic  fanned,  after  tiro  or  thrra  hours,  consisting  of  a  componnd  of  nitric  acid 
namie  aldehyde,  which,  when  coUeeted  on  a  filter,  n  as  to  altow  the  atill  liquid 
to  drain  off,  and  then  decomposed  bj  water,  jieldi  pnre  einnamic  aldehyde. 
I  andPiligot.) 

of  dnniimon  is  agitated  with  three  or  fonr  times  its  Tolume  of  a  aolntion  of 
.hite  of  potassinm  of  28°— SO^Bm ;  and  the  crjstaUine  mass,  which  forma  in  a 
imted  from  the  mother-liqaor,  left  to  dry  on  a  filt«r,  then  pnlTerised, 
alcohol,  again  dried,  and  diwolved  at  a  gentle  heat  in  dilute  sul- 
A  large  quantity  of  sulphurous  acid  is  then  giren  o^  and  the  einnamic 
;  ns(a  to  the  Burface  as  an  oiL  which  may  be  pnrified  by  washing  and  drying, 
tnic  aldehyde  is  a  coloGrlese  oil  rather  hcHTier  than  wat«r.  It  mar  ba  distilled 
dflcomposition,  either  in  vacuo,  or  with  water  vhich  has  been  freed  from  air  by 
When  eipoaed  to  the  air,  it  quickly  hrcomea  yellow  and  resinons,  and  ac- 
D  add  reaction.  It  rapidly  absorbs  oxi/i/m  gas,  especially  if  moisi,  and  is 
coDTerted  into  einnamic  acid.  Heated  nith  mtnc  acid,  it  forms  benioicacid 
Iride  of  benzoy],  Chramie  aci^  conTerts  it  into  beoioic  and  acetic  adds 
i).     Boiled  with  solution  of  hypochlorite  of  calcium,  it  yields  bensoala  of 

mic  aldehyde  (jraduatlj  heated  in  a  stream  of  cUoriar,  forms  at  first  a  liquid 
id.  which  solidifies  when  treated  with  a  filrong  solution  of  potash.  When  dis- 
ar  or  five  times  in  a  Bb«am  of  chlorine,  it  is  conrertcd  into  tetrachlorodnnamyl. 
niachloridt  of  phaiphorut,  it  yields  hj-drochloric  acid  and  oUoride  of  dnnanijL 
ith  hydrate  o/polattium,  it  forms  cinnamate  of  potassium,  with  evolution  of 

Cm-O  +  KHO  -  CH'KO*  +  H'. 

■a-^ai  conrerts  it  into  cuuihydramide : 

SCHK)  +  2NH'  -  C^H'-N*  t  3HK). 
Compoandi  of  D'nnamte  Aldfhi/de. 
ith  Hydrochloric  Add. —  Oil  of  cinnamoD  absorbs  a  large  quantity  of  hydro- 
Id  gas,  acqairiDg  a  green  colour  aud  becoraing  thicker.     lOD  pts.  of  the  oil 

■water  is  placed  in  con- 

h  iodine  nnd  indliteof  potAssiiun  and  cooled  to  U°  C„  a  crystalUsable  compound, 
,*.KI.  is  formed.    It  crystallises  from  alcohol  and  ether,  but  water  decompowa 
Bg  free  the  dsnamic  aldehyde.    An  excess  of  iodide  of  pobuisiam  prevents  tho 
osition.     (Apjohn.  Ann.  Ch.  Phartn.  iiriiL  314.) 
ith  Mtrie  Aiid.     CHHJ.HNO".— Produced  when  strung  nitric  acid  is  left  in 

with  einnamic  aldehyde.  It  forms  oblique,  rhomboidal  prisms,  often  two  or 
iches  long.  Afler  being  drained,  they  may  be  preserved  for  some  hours,  but 
it  rise  of  temperature  or  atmospheric  humidity  qnicily  decomposes  them.    TVlien 

with  WBlrr.  they  yield  pui«  einnamic  aldehyde. 

ite  of  einnamic  aldehyde  kept  in  an  imperfectly  closed  Tessel,  yields  after  a  few 
red  liquid,  which  has  the  chamcteriatic  odour  of  bitter-almond  oil,  is  oonTerted 
lonia-gas  into  nitrate  of  ammoninm  and  a  red  resin  ;  and  is  dissolved  by  strong 
ic  acid,  the  solution  yielding  with  water  a  predpitate  of  einnamic  acid. 
■ith  Add  Sail  •■■  ■     '    "■-'■       •-'-      "■  ■       ■■  ■ 

arid  snlphile 


Btalline  pulp.  Oil  of  cassia  shaken  np  with  a  strong  solution  of  acid  sulphite  nf 
inm  soon  solidifle«  to  a  yellow  crystalline  mass,  which  may  be  purified  from  the 
irbon  and  other  Eubstancea  which  the  oil  contains,  in  addition  to  einnamic  al> 


ith  alcohol  of  80  or  90  per  cent.  (QiissmBDn).  The  compoand 
unstHblc,  quickly  turning  brown,  even  when  kept  in  closed  vessels. 
poMitTHm-an/f  is  obtained  by  agitating  oil  of  Ceylon  or  Chinese  cinnamon  with 
r  four  timea  ita  volume  of  a  solution  of  add  sulphite  of  potassinm  of  26°  t'> 
1. ;  after  washing  with  alcohol  and  recrystallisation  from  boiling  alcohol,  it 
Ntanliful  silvery  plates  nearly  inodorous  and  permanent  in  the  air.  It  is  solnble 
water,  bnt  the  solution  is  decompa«ed  by  heat,  giving  off  aulphurous  add  and 
g  colonrlesa  drops  of  einnamic  aldehyde.  Heated  in  a  test-tube,  it  gives  off 
sulphurous  add,  and  annamie  aldehyde,  which,  by  contact  with  ihe  air,  is  con- 
inla  einnamic  acid.    Bromine  and  iodine  dissolve  in  the  aqueous  solntioa  witll- 
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out  colouring  it,  but  convoi'ting  the  sulphurous  acid  into  sulphuric  acid,  and  setting  ir^t 
the  cinuamic  aldehyde.  Bromine  in  excess  produces  a  solid,  slightly  aromatic  sub* 
stance  fusible  in  hot  water. 

Sodium'Salt — Oil  of  cinnamon  mixed  with  solution  of  acid  sulphite  of  eodium  of 
37^  Bm.  forms  a  crystalline  fibrous  substance,  which,  if  left  to  itself,  soon  becomes  com- 
plet<fly  liquid ;  at  the  same  time  there  is  formed  an  oil  which  is  not  solidified,  either  bj 
acid  sulphites  of  alkali-metal  or  hj  nitric  acid,  the  sulphite  of  einnamyl-sodiom  anpa- 
rentlj  remaining  dissolved.  The  liquid,  if  left  to  evaporate,  ^elds  crystals  of  sulphate 
of  sodium,  together  with  opaque  cipratalline  nodules,  which  dissolye  in  boiling  alcohol, 
forming  a  solution  which  on  coohng  deposits  long  thin  needles  arranged  in  spinl 
groups.    (Bertagnini.) 

Htdridb  07  Tbthachlobocinnamtl.  CMoroeinnose.  C'H'Cl^O.H.  (Dum^is 
and  P^ligot,  Ann.  Ch.  Phys  Ivii.  316.) — By  repeatedly  distilling  hydrate  of  cinnamyl 
in  chlorine  gas,  this  compound  is  obtained  in  lon^  white  very  volatile  needles.  It  melts 
at  a  gentle  heat  and  sublimes  without  decomposition.  It  is  soluble  in  alcohol  It  i» 
not  decomposed  by  strong  sulphuric  acid,  even  at  the  boiling  heat,  and  may  be  toU- 
fili5<ed  without  alteration  in  a  current  of  dry  ammonia. 

The  foimation  of  tbis  substance  is  preceded  by  that  of  seTeral  liquid  compounds,  one 
of  which,  perhaps  hydride  of  monochlorocinnamyl^  solidifies  in  contact  with  potash-lc}-. 

CXraiTL.  CH*. — The  radicle  of  ih^  compound  usually  called  cinnamic  alcohol 
or  styrone.  Cinnyl  bears  to  dnnamyl,  C*H'0,-  the  radicle  of  cinnamic  add,  the  same 
relation  that  ethyl,  C«H»,  bears  to  acetyl,  C*HH). 

cnvmr&ZC  A&COBOZn  C»H'"0  »  C*H*.H.O.  Hydrate  of  Cinnyl,  Omnamie 
Alcohol,  Styrone,  Styracone,  Styrax-Alcohol,  Styrylie  Alcohol ^  Peruvin,  (£.  Simon. 
Ann.  Ch.  Pharm.  xxxi.  274.~Toel,  ibid,  Ixx.  3.— Strecker,  •«<£.  boL  10.--J.  Wolff, 
iliid.  IxxxT.  299. — E.  Eopp,  Compt.  chim.  1860,  p.  113. — Scharling,  Ann.  Ch. Pharm. 
cxT.  90,  183. — Gm.  xiii.  256. — Gerh.  iii.  402.) — This  compound  is  obtained  by  can* 
tiously  distilling  styradn  with  a  strong  solution  of  caustic  potash  or  soda.  A  milk/ 
liquid  then  passes  over,  from  which,  when  saturated  with  common  salt,  a  creamr  sab- 
stance  separates,  gradually  collecting  on  the  surface  in  an  oily  layer  and  solidifying 
(Toel).  Wolff  dissolves  styracin  in  boiling  alcoholic  potash;  mixes  water  with  the 
liquid ;  filters  from  cinnamate  of  potassium ;  and  separates  the  precipitated  cinnamic 
nlcohol  from  undeoomposed  sryracin  by  distillation. 

Cinnylic  alcohol  forms  beautiful  soft  silky  needles,  having  a  sweet  taste  and  an 
agreeable  odour  of  hyacinths.  It  melts  at  33°  C,  and  volatilises  without  alteration  at 
a  higher  temperature.  It  is  moderately  soluble  in  water,  very  soluble  in  alcohol,  in  ether, 
in  styrol,  and  in  oils,  both  fixed  and  volatile.  When  the  aqueous  solution  satutiited  at 
the  boiling  heat  is  left  to  cool,  it  becomes  milky,  and  does  not  clarify  for  several  hours, 
when  it  becomes  filled  with  needle-shaped  crystals. 

CZVOlbZVOt    A  white  marble  with  shadings  or  zones  of  green  talc,  found  in  Italy. 

CZSBABKFS&ZVa.    Syn.  with  Pelosins  {q.  v.) 

cnnULGOVAimBXS  and  CZTXikCOVAWZ]«Zl>BS«  See  Amii>bs  of  Ci- 
TRACoNic  Acid  (p.  993). 

crrSACOSnc  ACZ1>.  PyrodMs  Acid,  C^H'O*.  (Lassaigne  [1822],  Ann. 
Ch.Phy8.xxi.  100. — Dumas,  ibid,  cxi.  21. — Robiquet,  ibid.  Ixv.  78. — Lie  big.  Ann. 
Ch.  Pharm.  xxvi.  119,  162.— -Crasso,  ibid,  xxxiv.  68. — ^Engelhardt,  ilnd,  Ixx.  2i6. 

—Gottlieb,  ibid.  Ixxvii.  266.— Baup.  Ann.  Ch.Ph^8.[3]xxxiii.  192.— Gm.  x.  417 

Gerh.  iL  120.) — This  add,  or  rather  its  anhydride,  is  produced  by  the  dry  distillatioD 
of  citric  acid,  constituting  in  fact  the  chief  portion  of  the  distillate  (p.  996).  The  aoby* 
dride  rapidly  attracts  moisture,  and  when  exposed  to  the  air,  is  converted  into  a  czyftal- 
linc  mass  of  citraconic  acid,  which  is  freed  from  excess  of  water  by  pressure  between 
blotting-paper  and  exposure  to  a  temperature  of  60^  C.  Citraconic  add  is  alao  one  of 
the  products  of  the  diy  distillation  of  lactic  add. 

Citraconic  add  is  inodorous,  and  has  a  sour  and  sb'ghtly  bitter  tasta  It  crystallises  iji 
four-sided  prisms,  dissolves  in  8  pts.  of  water  at  10^  C,  and  is  readily  soluble  in  alccv 
hoi  and  in  ether.  It  melts  at  80°  C. ;  small  quantities  of  it  kept  for  some  time 
at  100^  are  converted  into  itaconic  acid.  By  dry  distillation  it  is  resolved  into  dtra- 
conic  anhydride  and  water. 

When  citraconic  add  is  heated  with  strong  nitric  acid,  a  violent  i«aetioxi  is  set  up, 
accompanied  by  disengagement  of  gas,  and  an  oily  body  is  produced,  which  <m  cooling 
solidifies  to  a  ciystalline  mass,  consisting  of  two  crystalline  nitro-eompounds«  eulyte 
and  dyslyte,  which  dissolve  in  alcohol  to  an  unequal  extent;  their  oompoaitiim  is 
not  known.    By  dilute  nitric  acid^  dtraconic  acid  is  converted  into  TM^aeomo  acid 

When  bromine  is  gradually  added  to  a  strong  solution  of  citraconate  of  potawinTn,  cai^ 
bonie  acid  is  disen^iged  and  a  heavy  yellowish  oil  sepamt^s,  consisting  of  an  a«dd  and 
u  neutral  substance.     The  former  iaremoved  by  treatment  with  dilut<e  potash,  whicb 
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fl  latter  tiDiltered.  When  sveakoctdia  added  to  the  alkaline  toIutinD,  lhrr»  ia 
I,  oometimea  a  h«aT7  oil  anil  BometiDieB  fine  oeedlcG.  Then  two  bodies  are  iden- 
mnpomtion,  and  consiit  of  an  acid,  CH'BrKJ',  which  haa  been  named  bj  Ca- 
I  discoTorei,  *n™io(rinniw  act'rf.  Jt  haa  the  composition  of  dibromiaaled  butyric 
B93) ;  bnt  Cahonra  did  Dot  obtain  it  In  the  action  of  bromine  on  bu^ric  acid 
ate  of  potMninm.  The  liquid  arid  ia  iLghtlj  ambec-colonred,  and  haa  a  pecn- 
n-.     When  distilled,  it  girea  off  bydnbromic  acid  and  leavea  a  carboDacefnu 

The  lignid  acid,  afUr  standing  for  some  time,  occaaionallj  aolidifira  to  a  masi 
lU.     When  it  ia  heated  with  eoaceutrsted  potaah,  a  peculiar  odour  ia  diaen- 
ad  tJie  addition  of  an  add  no  longer  precipitates  an  oiL    The  acid  fonni  a 
capitate  with  ailvei^^olation,  and  ita  ammonium-ealt  caTstallises. 
eutral  oil  formed  in  the  prepacalian  of  tha  acid  hs*  the  campoaition  CH'BfK), 

either  be  Iribromopropianie  aldtki/dt  or  iTibrominaltd  acttotu. 
IS   action   of  bronant   on  dtmconate  of  potaaaiom,  in  presence  of  czecM   of 
of  potaaainm,  an  oil  ia  alao  separated  and  carbonic  add  dtaengaged.     When 
Kilntion  of  potash  is  added,  the  greater  part  dissoWea,  and  a  small  quantitj 
imopropionie  aldehyde  remains  ;  on  adding  dilute  nitric  add  to  the  alkalina 

lai^  while  crystalline  flakes  are  dppoaitcd,  consisting  of  an  add  which  cry»- 
^m  alcohol  and  ether  in  long  prisma.  It  has  the  composition  of  dibromo- 
cadd,  CH'BtH)',  hnt  Cahoura  names  it  bromitonic  acid, 
aoonaria. — Citraeonia  acid  is  a  dibaaic  acid,  and  forma  two  serin  of  snlia, 
nevtral  ultt,  OH'M'O'  and  CH'M"0',  and  add  alU,  Cli'MO'  Hid 
'O';  they  are  isomeric  with  (he  itaconates,  meeacoDatcfl,  and  lipale«.  Tim 
a  mostly  crystallise  well. 

eid*ari«ia.»ai(,  CH'^Bd'CcrystivIliseBinlargperonpsofflneBilkyniTiIW 
itulral  liiver-iall,  CU'Ag'O',  c^stallisi-a  boili  anhydrous  and  with  tin 

water.  In  an  aqueous  solution  of  eitracnnic  add,  nitrate  of  silver  prcliuvs, 
ion  of  ammonia,  a  very  bulky  precipitate  which  diasolvea  in  boiling  nnli-r. 
Bg.  the  salt  is  deposited  in  long  needles.  If  the  mother-liqnor  (mm  this  bn 
Tsporated,  hexagonal  crjetala  arc  formed  wliich  hare  an  adaouuitine  loatre.aad 
jf  the  hydrated  salt,  CH'Ag'O'  +  H=0. 

cid  lilvrr-ialt.  CH'AtiO',  ia  obtained  by  diasolTing  the  nentral  aalt  in  an 
ition  of  citraconic  acid.  On  evapomtion,  larpe  groups  of  crystals  are  obtained, 
iconaf*  of  Ethfil,  or  Ciiraeonie  Ethir,  Cn"0',  ia  obtained  by  repcatedlj 
ng  a  mixture  of  alcohol,  citraconic  odd,  and  hydrochloric  acid,  and  woahing  the 
B  with  water. 

I  colourless,  bittpr,  somewhat  aromatic  licjuid,  of  dendty  1-040  at  18"-fiC.  It 
l'i6°C  with  partial  decomposition.  It  in  losoluble  in  water,  but  readily  solubla 
ol  and  in  ether    In  contact  with  water,  it  grsdoallj  acidifies  and  alcohol  it 

By  potash  it  ia  decomposed  into  dtniconate  of  potasnam  and  ^cohoL  £.  A. 
tACOVXO  ACCD,  JUSZSBS  OV! 

.COKAKIDS.  CH'SK)"  .  N'.H'.(C'H'0>1-,  ia  obtained  al  *  jeBow  Tisdd 
hich  becomes  brittle  and  Titreons  on  cooling,  when  dtraconic  anhydride  ia 
n  a  stream  of  dij  ammoniacal  gas^  It  dinulvcs  in  water,  and  the  solution  on 
fields  citnicanale  of  ammonium.     It  ia  derived  from  neutral  dtniconate  of  am- 

by  the  lota  of  2  at,  of  water : 

C'H*(NH')'0!-SH'0  =  C'HfTO'. 
acoHiMiiii.     CH'NO'  -  H.H.(n>H'0')"._  Citraconic  add  is  mixed  with 
f  ammonia  and  evaporated  to  drjTiess.  and  the  residue  heated  to  180°  C.    An 
nu  oily  yellow  mass  is  left,  which  is  citrawinimide.     It  does  not  dissolrein  cold 
od  but  slightly  so  in  alcohol ;  it  is  highly  hygroscopic.    It  iii  deiired  from 
'acooate  of  ammonium  by  the  loss  of  2  at.  of  water : 
CH'CNH'iO'-aaK)  -CH'NO'. 
l/lcitrttCBninide  or  Citraanumil.    CH'NO*  -  N.C"H'.{C*H'0")".— Whan 
ua  citraconic  add  ia  mixed  with  phenylamine,  a  brisk  action  enimea,  and  the 
,  if  kept  for  some  time  in  the  watei^bath.  is  totallj  converted  into  the  abova 
id.     It  crystallises  in  colourless  needles,  which  melt  at  96°  C.,  and  sublime  at 
ibove  100°,     It  is  readily  solnble  in  alcohol  and  in  ether, 
terived  &om  add  dtiaconate  of  phenylamine  by  the  loaa  of  2  at.  of  water: 

CH'((?H'H)0'-2H'0  -  C'H^O'. 
Imskitraeommide,  C'H'INO*,  ia  obtained  by  inbttitiiting  iodophenylaniine  in 

nphenylcilraeMi  imide,  C"H'(NO')'NO*,  is  obtained  bj  tht  tetion  of  a  mhtOM 
and  fupliBria  add  on  |>h«nyldtnaoDinude, 
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Citraconamio  Acid.  C*H^O'  =  N.H«.C*H'0«.H.O.— CitraomimidB  tppem  to 
be  partially  convertible  into  this  acid  by  boiling  with  ammonia.  Its  loltfl  are  «► 
crystallisabla. 

Ml  • 

Vh^.nylcUraconamic  Acid,  C;'H"NO»  =  IT.H.C*H».C»HW.H.O,  i«  obtained  as 
an  ammonium-salt  by  boiling  phenylcitnieonimido  with  dilate  ammonia.  On  the  addition 
of  acetic  acid,  it  ia  aepanitea  as  a  oTBtalline  precipitate,  which  ia  washed  with  cold 
water.  It  is  an  unstable  body.  It  is  derired  from  acid  eitraeonate  of  phenylamine 
by  the  loss  of  an  atom  of  water : 

C»H«(C-H«N)0*  -  H«0  =  C«'n"NO«. 

Dinitrophcni/hitracanamie  acid,  C"H*(NO*)'NO*  is  obtained  in  a  similar  manner. 

E.A. 
ClTRiLCOSrXC  AVBTD»ZBa.     C'H^O'.—This  compound  is  prodnced  by  tti« 

dry  distillation  of  citric  acid,  constituting  the  greater  part  of  the  crude  product  On 
recti {}'ing  this  crude  distillate,  two  layers  are  formed,  the  upper  being  aqueous,  and  the 
lower  an  oily  acid  liquid  which  does  not  solidify.  This,  which  is  citraconic  anhydride, 
is  purified  by  redistillation.    The  same  substance  is  formed  by  hentiDg  itaoooic  add. 

Citraconic  anhydride  is  a  colourless  inodorous  liquid  of  Bpecific  gravity  1*247.  It 
rapidly  absorbs  ammonia,  with  disengagement  of  heat,  forming  a  vitreous  deUqaescent 
mass,  which  probably  consists  of  citraconaraic  acid.  £.  A. 

CIT&ACOZrXC  CBI^OaZBE.  Pj/rocitric  Chloride,  Chloride  of  Pyrodtryl, 
C'H*0'"'C1*.— "When  pentachloride  of  phosphorus  is  mixed  M*ith  citraconic  anhydride,  a 
brisk  action  ensues,  and  on  subsequent  distillation,  oxychloride  of  phosphorus  paswa 
over,  followed  by  chloride  of  pyrocitryl  when  the  temperature  has  reached  175^  G. 
It  contains,  however,  some  citnteonic  anhydride,  which  raises  the  boiling  point ;  it 
is  freed  therefrom  by  redistillation  with  pentachloride  of  phosphorus,  the  part  dis- 
tillins  between  175° — 190^  being  ultimately  collected.  It  is  a  highly  refracting  fuming 
liquid,  with  a  density  of  1*4.  With  water,  it  forms  citraconic  and  hydrobromic acids, and 
with  absolute  alocliol,  citraconic  ether  and  hydrochloric  acid.  £.  A. 

CXTSACOWZC  BTUBB.     See  Cttbaconatss  (p.  993). 

See  page  1000. 
(p.  993). 

CZTBACOSarZOBAVXXto     Syn«  with  lODOPHENTLdTRACONmiDB  (p.  993). 

CZT&BirB.  Citront/J.  C"H'*. — A  liquid  isomeric  with  oil  of  lemon,  &c.,  ob- 
tained by  distilling  tlie  solid  di-hydrochlorate  of  lemon-oil  over  hydrate  of  potassium 
or  quick  lime.  It  is  transparent  and  colourless,  of  specific  gravity  0'8569.  vapoui*^ 
density  473  (by  calculation  for  2  voL  4*71) ;  boils  at  166°  C.  It  resembles  oil  of  lemon 
in  most  of  its  properties,  and  in  forming  a  crystallisable  compound  with  hydrochiorie 
acid,  but  differs  from  it  in  being  without  action  on  polarised  light     (Gm.  xiv.  303.) 

CZTBZC  ACXO.  C«H"0'  =  C«HW.H«.0».  (Scheele  [1784],  Opuscula  ii  181. 
— Berzelius,  Ann.  Chira.  xciv.  171;  Ann.  Ch.  Phys.  lii.  424,  432;  Ixvii.  303;  Ixx. 
215. — Robiquet,  ibid.  Ixv.  68.— Liebig,  Ann.  Ch.  Pharm.  v.  134;  xxvi.  119,  452; 
xliv.  57. — Marchand,  J.  p.  Chem.  xxiii.  60. — Cahours,  Ann.  Ch.  Phys.  [3]  xix. 
488.— Pebal,  Ann.  Ch.  Pharra.  Ixxxii.  78;  xcviii.  67.— Gm.  xi.  436.— Gerh.  li.  85.) 
— The  existence  of  a  peculiar  organic  acid  in  the  juice  of  lemons  and  of  oranges  has 
long  been  known,  but  the  diHcovery  of  the  sepjvrate  identity  of  this  acid,  and  its  dis- 
crimination from  tartaric  acid,  was  first  effected  by  Scheele  in  1784,  who  gave  to  it 
the  name  it  bears. 

It  is  to  the  presence  of  citric  acid  that  a  great  many  fniits  owe  their  acidity.  This 
acid  occurs  in  the  free  state  in  oranges,  lemons,  citrons,  tamarinds,  cherries,  cur- 
rants, gooseberries,  raspberries,  strawberries,  whortleberries,  and  a  great  many  otbeis. 
In  some  of  them  it  is  ai«8(x;iate^l  with  malic  and  hirtaric  acids.  It  is  also  containfd 
in  several  tubers  and  bulbs,  such  as  the  potato  and  the  onion.  Occasionally  it  occozt 
as  acid  potassium  or  calcium  salt. 

Prtparation. — The  raw  material  for  the  production  of  citric  acid  is  lemon  juice. 
The  juice  is  made  to  undergo  an  incipient  fermentation;  it  is  then  filtered  and 
neutralised,  first  with  chalk  and  afterwards  with  quick  lime,  by  which  an  insiolnble 
citrate  of  calcium  is  fonned:  10  pts.  of  this  salt  are  carefully  decomposed  by  a  cold 
mixture  of  9  ptj«.  sulphuric  acid  and  66  of  water ;  the  gypsum  is  washed  with  cold 
water ;  and  the  filtrate  and  wash-water  are  boiled  down  in  a  leaden  vessel  over  the  naked 
fire  until  the  liquor  has  the  specific  gravity  1*13,  then  concentrated  over  «  water-bath 
until  a  saline  film  begins  to  form,  when  the  uquid  is  immediately  cooled  to  the  cxystallis- 
iiijr  point ;  if  it  were  further  concentrated,  the  excess  of  sulphnrie  acid  would'coovert 
the  residue  into  a  black  mass.     The  crystals  formed  are  purified  by  foDK  or  fivereoj*- 
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from  Sicilj,  ajid  is  obtained  by  iiupissatiiig  tbc  expressed  jali 
1  after  the  rind  has  been  removed  for  the  sake  of  ^e  esseiitial  oiL     ( Ur^i  Die- 
ri/  ofArta,  Atanu/acturcM  and  Mina,  i.  690.) 

jHc  ucid  mt,j  also  bs  prepsjed  bom  goosebeniea.  Tilloj  (J.  Phaim.  lEiL  301i) 
■itra  the  juice  of  the  naripe  berriee;  leaves  it  to  fermeDt;  distila  off  the  alcohol 
>d ;  filters  the  residual  liquid ;  and  treats  it  with  chalk  in  the  same  maanec  bS  iu 
rcparalian  of  the  arid  &oni  lemon  juice.  100  ponndn  of  ^oseberries  ^ire  10  pounds 
int  of  apedfic  gravity  0928,  and  1  pound  of  cryslalllsed  citric  acid. 
oprrtia, — Citnc  acid  crystallises  in  two  forms.  A  concentrated  solution  deposits 
rontanraus  sTaporatioQ,  large,  trajisparent.  colourless  prisms,  having  the  comj.>as:- 
CR'O'  +  H'O ;  this  is  the  ordinary  commercial  acid.  T^e  crystals  belong  to 
rimetcic  Bjslem.  and  generally  have  the  faces  ce  F  .  f  ce  .  P  at  predominaat,  also 
ai  P  ai;  the  face  2^  »  likewise  occurs  together  vith  f  en,  and  sometimes  without 
P  also  not  nn&equently  occun  subordinate.  Batio  of  brachydiagonol.  macrodia- 
I,  and  principal  axis  ■>  06068  ;  1  ;  0'4106.  {Kopp't  KryitaUograpkie,  p.  264 ; 
Jso  Q(-rh.  ii.  BS.)  Ths  cryslals  efOonwce  in  the  air  between  28°  and  GO^C, 
lose  their  water  of  cryslallisatioD  at  100°.  A  boiling  concentrated  solution  of 
:  add  allowed  to  cool,  deposits  erystala  of  a  diflWent  form,  which,  according  tosome 
lists,  contain  2(?HW  +  HH) ;  according  to  others,  this  water  is  onlj  me^aniCTJly 

trie  acid  has  a  strong,  but  pleasant,  acidity,  id  wbich  respect  it  diSnrs  from  tar* 
acid,  the  acidity  of  which  is  accompanied  b;  a  somswhat  bitter  tBst&  Ttkis  dif> 
ce  is  still  greater  in  the  salt^ 

trie  acid  is  soluble  in  0'7S  pta.  of  cold  and  in  O'lS  pts.  of  boiling  iMffr.  It  it 
\j  soluble  in  aleahol,  bat  insoluble  in  tther. 

trie  add  and  its  polassium-salt  are  used  in  medicine.  It  is  also  osed  in  the  pre- 
dion of  effervescent  summer  beversgca  Its  most  extensive  ^plication  is  in  dyeing 
roll  co-prin  ting ;  lor  certain  of  the  finer  colours,  it  cannot  be  repkced  by  less  co«tly 


ure  be  boiled,  a  considrrable  precipitate  of  cilmte  of  calcium  is  formed,  w 

Ives  as  the  solution  cooU.     By  this  deportment,  free  citric  acid  is  easily  delict^d. 

distinguished  from  tartaric  and  racemic  ncida  by  the  fact  that  its  potassium -salt 
luble. 
eompotitioni. — 1.  Solution  of  citric  acid,  when  kept  for  sometime,  becomes  covered  , 

fungi. — 2,  An  aqueous  solution  mixed  with  dialk  and  exposed  for  some  time  to  a 
leratureof  20-'^ — 30"  C.  in  contact  with  a  little  yim/.  yields  acetic  and  bntyrio  adds, 
irding  to  How,  when  exposed  in  contact  nith  futrifyiug  curd  and  a  bate,  it  fer- 
:s  and  becomes  converted  into  acetic  and  propionic  adds,— 3.  When  citric  odd  IS 
»I  in  a  retort,  it  first  mdts  in  its  water  of  crysI^sKtion  and  then  boils,  giving  off 
water,  which  condenars  in  the  receiver.  Afterwards  at  aboat  1TG°C.  vaponra  of 
)De  distil  over,  and  a  copious  disengagement  of  carbonic  oxide  takes  place.  At  thi* 
,  the  residue  in  the  retort  consists  of  aconitic  acid.  If  the  distillation  be  OOD- 
hl,  carbonic  add  is  given  off  and  oily  strix  begin  to  appear  in  the  neck  of  the  retort, 
h  solidify  to  cryitaisofitaconic  acid.  If  these  last  crystola  be  repeatedly  di>- 
1,  an  oily  mussof  onbydronsci  traconie  acid  is  obtained,  which  no  longer  solidi- 
Ihese  decompositions  of  cibic  acid  ore  thtia  expressed : 
CH^'      -      HK>      -      CH-O*. 

DiT  ckrio  AimiUe 

cm-o*    -    CO'    -    c'H-o*. 


Ot^U)' 
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The  acetone  aod  eartxmic  oxide  observed  in  on  earlier  stage  of  tlia 
are  probablj  due  to  a  Beoondary  decomposition  of  aoonitic  aci^  thus : 

CmW  -  2C0«  +  CO  +  (?H«0. 

AooniUc  AeetOB*. 

acid. 

Heated  witb  fwmice,  eitric  add  giTesoffcarbonicanhydrideat  16S^C.— 4.FiiBedwilk 
jpataahf  dtric  acid  ia  decomposed  into  oxalic  and  acetie  adds : 

C^»0'  +  HK)  -  CBH>*  +  2C^*0«. 

Citric  Oxalic  Acetic, 

acid.  acid.  acid. 

6.  When  dtric  add  is  heated  with  strong  sulphuric  acid,  a  disengagement  of  eariwnie 
oxide  ensues,  even  without  the  application  of  heat.  Bat  if  the  temperatoie  be  raised, 
the  odour  of  acetone  is  percdved,  and  carbonic  anhydride  is  given  offi  On  adding 
carbonate  of  sodium  to  the  reddual  liquid  diluted  with  water,  a  brown  resinous  mass 
is  precipitated,  and  the  solution  contains  the  sodium-saltof  a  peculiar  add,  which  does 
not  precipitate  baiyta  or  strontia.  —  6.  Citric  add  is  not  attacked  by  dilute  nitrie 
acid;  but  if  heated  for  some  time  with  strong  nitric  add,  it  yields  oxalic  and  earbonie 
acids. 

7.  Citric  add  is  easily  oxidised  by  permanganic  acid,  A  solution  of  dtrie  add 
mixed  with  sulphuric  acid  does  not  deoolonse  permanganate  of  potoMmum  in  the 
cold ;  but  at  80°  C.  the  dtric  add  is  oxidised  to  carbonic  add  and  acetone : 

2C^H>»  +  H*0  +  0"  «  C*H«0  +  9C0»  +  6H«0. 

If  a  large  excess  of  the  permanganate  be  used,  other  products  are  likewise  fermed* 
namely,  a  body  which  strongly  irritates  the  eyes  and  respiratory  organs,  reduces  per- 
manganate of  potassium  at  common  temperatures,  and  is  turned  brown  by  alkab's,  pro- 
bably therefore  acrolein,  together  with  an  add  doeely  analogous  to  acrylic  add.  Finely 
divided  peroxide  of  manganese  acts  in  the  same  way  as  the  permanganate.  (F^an  de 
Saint  Gilles,  Ann.  Ch.  Phys.  [3]  Iv.  374.) 

8.  Chlorine  acta  but  feebly  on  citric  add.  When  a  layer  of  concentrated  solution  of 
eitric  acid  is  exposed  to  the  sunlight  in  a  large  globe  filled  with  chlorine,  the  gas  is 
slowly  absorbed,  and  an  oil  gradually  separates,  which  after  rectification  is  colourless, 
has  a  sweetish  burning  taste,  and  a  peculiar  odour.  It  boils  at  200° — 201°  C,  and 
does  not  solidify  at  0°.  It  reddens  litmus  paper  onlv  after  prolonged  contact.  Plan- 
tamour,  the  discoverer  of  this  body,  assigns  to  it  the  formula  C*CP*0' ;  when  it  is 
agitated  with  water  and  cooled  to  +  6°,  a  mass  of  crystals  is  formed,  C'C1'*0*.3H*0, 
which  melt  and  give  off  their  water  at  16°.  The  oil  is  attacked  by  potash,  with  for- 
mation of  a  body,  CK!1*K'0^  Stadeler  considers  the  oil  to  be  hexachlorinated 
acetone  C'C1*0  (p.  30),  and  the  crystals  to  be  a  hydrate,  (^Cl*0  +  HK).  Laurent 
ascribes  to  the  oil  the  formula  C*C1'*0'. 

9.  The  action  of  chlorine  on  citrate  of  sodium^  though  not  very  energetic  even  in 
sunshine,  is  different.  Carbonic  acid  is  diseng>iged,  and  the  liquor  oeeomes  milky  from 
formation  of  un  oil;  at  the  same  time,  an  acid  citrate  of  sodium  is  formed,  whidi  crys- 
tallises in  stellate  groups.  The  odour  of  the  oil,  at  first  sweetish,  becomes  gradmulr 
more  acrid.  It  is  a  mixture  of  several  bodies.  On  rectification,  chloroform  first  distils 
over  at  64° — 66°  C;  the  boiling  point  then  rises  to  188° — 190°  and  remains  constant 
for  some  time ;  it  then  rises  to  200°,  at  which  point  the  oil  produced  by  the  fii^ee  acid 
distils  over.  The  intermediate  product,  on  rectification,  boils  at  190°.  It  is  a  eolonriess 
and  ver)'  fluid  oil,  of  specific  gravity  1*66,  with  a  burning  taste,  an  extremely  irritating 
odour,  and  exciting  tears.  It  has  the  formula  C*CP*0*.  The  action  of  alcDholis 
potash  on  this  oil  yields  chloride  of  potassium,  and  a  very  soluble  potasnum-salt 
which  crystallises  in  satiny  scales ;  it  has  the  formula  CK)1'KK)*.  The  same  salt  is 
produced  by  the  action  of  potash  on  the  oil  from  the  free  add.  A  corresponding 
silver-salt  is  very  unstable,  and  is  readily  reduced  to  the  metallic  state  even  in  the  cold. 
The  potassium-salt  has  the  composition  of  that  of  a  chlorinated  succinic  add.  The 
mother-liquor  from  which  the  chlorinated  oil  has  been  depodted  containa,  beddes 
chloride  of  sodium,  the  sodium-salt  of  an  add  which  has  the  oompodtion  of  suocimc 
acid  but  appears  to  be  only  isomeric  with  it. 

10.  When  bromine  is  gradually  added  to  solution  of  dtZEte  of  potaadtun,  a  brisk 
disengagement  of  carbonic  acid  takes  place ;  and  if  the  addition  of  bromine  be  aootioned 
as  long  as  gas  is  given  off,  and  the  excess  of  bromine  carefully  removed  by  poiaiih.  an 
oil  is  predpitated  which  is  a  mixture  of  two  bodies.  The  most  Tolatile  of  tlusM  is 
bromoform,  CHBr*.  The  other  has  receivedfrom  Cahouxsthe  name  bromoxaform. 
It  consists  of  lustrous  silky  needles,  which  by  spontaneous  evaporation  crystallise  in 
large  colourless  plates.  They  melt  between  74°  and  75^  C*.,  but  are  gradually  deeom* 
po^  by  distillation.    The  formula  of  the  body  is  CHBr'O'  (peataddorinated  pro* 
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aeid):itiideeompo*»db7{>Mwh, withtiwnutianafbniinideofpatuniiin,  ozalie 
md  bEomofaim : 

CHBrK)*  +  2KH0  -  2KBr  +  CHK)'  +  CHBr". 

ried  dfarie  acid  in  eonUet  vilh  pmlacUoridt  of  pkotphon*,  bcomoes  Ii«>t«d,  and 
oxjelilorocitcic  acid  and  oijchtoride  otphoapbonu: 
C^'O'  +  PCI*  -  CHKWa'  f  POCT'. 
mutan be  hatted,  bydnKblonc  acid  is  evolTediUid  chloride  of  eitrjlkppeai* 

'cHK«a'  +  PCI'  -  (?H*o'ci'  +  poa*  +  hci  +  hk>. 

cniDridc  or 

hMt  be  continiwd,  Uie  liquid  ububim  a  deep  ehmy-red  coloiir  and  then  appetin 
tajnehlotideofacoaitjl: 

pH'O'a'  t  PCI*  -  (?H'ov:i'  +  poa*  +  ana 

imto>.  Citric  add  i*  ■  strong  acid.  It  reddens  bine  litmoa  pap«r  and  eip«la 
lie  acid  Erom  carbonal«a.  An  aqueous  aolatioD  dissolve*  liac  and  iron,  nitb  dis- 
ement  of  bydrogaa. 

ric  add  is  tribaait    It  may  be  derived  from  3  st.  w«t*r  in  which  3  et.  hydrofipn 
plHced  bj  the  triaWmie  ™die«l  cilryl,  CH'O*.     It  therefore  fonna  three  wrica 
a,  in  wbicb  1,  2,  or  3  at.  bjdnigeD  are  replaced  bj  melikl,  thus:  — 
CitricBcid {Oil'OTfQ, 

Acid  moDometallic  citrmta  .    (CH»0'j")„, ,  (0'H"O')'f,u 

H'.M     i"   ""      B'M"    i, 

Acid diinet»Uic citrate    .  .    CC"H'0')*(™  .~i(<^'I'0'rtn- 

H.M-     ("   ""      HM-     \^ 

Naottal  tiimetallic  dttato      .        .   {CU*0'rL,,  ^^j  (CH'O')'  q. 

le  of  the  dtratec  occur  DBturally,  as  citrate  of  nlcium  in  onions  and  potatoes^ 
ittate  of  [Mtasainm  in  articbokes  and  potatoM.  The  allidiiie  citrat^e  are  -very 
e ;  other  dtratea,  as  thoHa  of  linc,  irOD,  cobalt  and  nickel  are  less  so.  while  the 
!aof  the  alkaline  eartliH  an  ineolnbte.  In  the  presence  of  aolnble  dtratee.  olhalis 
ipredpitate  (be  salts  of  iron,  manganese,  or  ilnmiDinm.  The  dttat«a  decompose 
be8t«dto33a°C.,foTniiagempyrenbialj<>pR>dactji,  vbicb  have  Dot  been  investigated. 
•  following  list  indades  all  tlie  prindpal  dtratea. 

rsATB  or  ALnviHTUii. — Innolobls  powder  whan  it  contains  execos  of  metal ; 
e  gum  when  the  acid  is  in  excess. 

raiiB  OF  Amvokicic  Monanimeiiie  Citrate,  C*H'(NH*)0'.— Solution 
ic  add,  DentnJiMd  with  aminonia,  and  than  mixed  with  twice  as  much  add  aa 
eady  coutaini^  yields  this  Bait  by  spontaneous  evaporation  in  small  tridinie 

imfflOHie  Citrate,  C*H'(HH')*0',  OTsIalliscs  on  tbe  evs^ration  of  a  solution 
ic  acid  which  has  been  saturated  by  ammonia,  in  prisms  wbidi  are  anhydrous  but 

rBiTssovBiBiOK.  rri4flr«(iBei'(ro(e,C"H'*Ba'0".— Citric addadded 
BH  of  batyta-water  throws  down  flakes  wbicb  become  somavrhat  crystalline.  White 
it;  dried  in  tbs  cold,  it  cont&ins  water  of  cryatnllisation,  which  it  give*  off  com- 

r  St  200°  0. 

notarj/lic  Cifmf  (.'—Obtained  as  ■  gummy  mass  by  evaporating  a  solution 
ryCic  eitrate  in  dtiic  add. 

rystalline  citrate  of  barium  which,  dried  at  ISO°  C,  baa  the  fbrmuls  C*^'*Ba>0'*, 
Siined  by  adding  ttihsjytic  citrate  to  b  boiling  transparent  miituro  of  dtric  scjd 
blonde  of  barium,  as  long  as  the  resulting  precipitate  redissolves,  and  then 
ng  the  mixture  to  oooL    It  sppeora  to  be  a  double  salt  of  tribarytie  and 


— CijBtalliDO  sporlagl;  soluble  aalL 
.     Trical>:ic  CiCratt,  CH'-Ca-O" 
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chlori Jo  of  (".'ilc-'um  \h  gmdiuiUy  added  to  a  solution  of  citrato  of  sodium,  the  pivcipt* 
tile  at  fii-al  formfd  redissolvoff.  but  when  agitated,  it  suddenly  forms  a  ma^a  which 
h*vi  me!«  cr}'stalb'ne  on  the  application  of  heat.  The  salt  is  more  soluble  in  cold  than 
ill  hot  water,  so  that  a  cold  solution  becomes  turbid  on  being  boiled. 

The  dibasic  Bait,  C*H*Ca''0'  +  11*0,  is  obtained  in  shining  lamina  by  dissolriog 
tho  preceding  compound  in  excm«8  of  citric  acid,  and  eraporating  the  solution. 

CiTBATB  OF  Cbbittx. — White  insoluble  powder,  obtained  by  double  decomposi- 
tiou  of  iilk.iline  citrates  and  ceroiis  salts. 

CiTHATB  OF  Cobalt,  C'«H"Co»0"  +  14H=0.— The  solution  of  carbonat*  of 
cobalt  in  warm  citric  acid,  solidifies  on  cooling,  after  adequate  eTaporatioD,  to  a  rose- 
coloured  moguia,  which  dries  up  to  a  powder  of  the  same  colour. 

CupRic  CiTBATB. — Obtained  in  microscopic  rhombohedra  by  beating  a  solution 
of  cupric  acetiitc  with  citric  acid.    The  formula  is  C"H>»Cu»0>*.Cu"H*0*  -r  2n«0. 

CiTBATBS  OF  Ibok.  Ferrous  Citrate. — Alcohol  precipitates  white  flakes  of 
Iriferrous  citrate  from  a  clear  solution  of  iron  in  citric  acid. 

Ferric  Citrate. — ^Freshly  precipitated  hydrit'^d  ferric  oxide  dissolves  in  warm 
aqueous  citric  acid,  forming  a  reddish-brown  liquid  which  on  evaporation  lenves  a 
light-brown  film.  It  is  administered  medicinally  under  this  form.  Ferrvyanide  of 
potissium  does  not  precipitate  an  a<Tid  solution  of  ferric  citrate,  but  forms  a  bine 
liquid  which  is  decolorised  by  ammonia. 

AmmoniO'  ferric  Citrate.  (.Ammonio-citrate  of  iron.) — When  2  pts.  of  freshly 
precipitated  ferric  hydrate  are  dissolved  in  3  pts.  of  citric  acid,  tho  solution  sntumrod 
with  ammonia  leaves  on  evaporation  a  greenish-yellow  mass,  insoluble  in  strong 
alcohol,  but  soluble  in  alcohol  of  40  per  ceut. 

CiTRATB  OF  LiTHiuv. — Amorphous,  limpid,  hard  mruss. 

Citrates  of  Lead.  Triplumbic  Citrate,  C"H'»Pb"0'«  (at  120°  C).  is  b^st 
ol)t>ii red  I) Y  precipitating  an  alctjholic  soliition  of  plumbic  acetate  with  an  alwJiolic 
solution  of  citric  acid,  and  washing  the  precipitate  witli  alcohol ;  it  is  granular  when 
hot  solutions  ure  employed. 

Dibasic  Salt.  C^n^Pb^O'  +  H»0.— A  solution  of  acetate  of  lead  is  add<-d  to  a 
boiling  dilute  solution  of  citric  acid  as  long  as  the  precipitate  redissolves.  On 
eMiporating  the  clear  solution,  the  salt  cryKt-iUiHes  in  smtkU  prisms.  Ammonia 
dissolves  this  salt,  and  the  solution  afterwards  deposits  triplumbic  citrate. 

Tefrahasic  Salt. — Bv  digesting  triplumbic .citrato  with  ammonia,  Ber^'lius  ob- 
tained a  heavy  white  powder,  which  had  the  formula  C'='n'»Pb*0'*.PbH-O«.  Tho 
triplumbic  citrate  digested  with  excess  of  subacetate  of  lead,  gave  an  insoluble 
amorphous  powder,  which  had  the  formula  C'=H«»Pb«0>«.PbII«0'.2Pb0.  Heldt 
obtained  a  salt  of  the  formula  C'=H'"Pb»0'V2Pb0  +  3H*0,  by  digesting  triplumbic 
citrate  with  ammonia  for  two  days  in  a  close  vessel.     Bulky,  white,  insoluble  powder. 

CiTBATB  OF  Maonrsium.  C"H"*M^''0**  +  14H*0. — Carbonate  of  magueeium 
dissolves  in  citric  acid  to  a  solution  which  forms  a  thick  magma  when  concentrated. 
Alcohol  precipitates  the  salt  from  its  aqueous  solution. 

This  salt,  evaporated  with  excess  of  citric  acid,  yields  a  gummy  mass,  which  does 
sot  become  crystnlline. 

When  carbonate  of  magnesium  is  digested  with  disodic  citrate,  the  filtered  soltition 
on  evaporation  leaves  small  crybtalline  groups,  which  contain  sodium  and  magoeaium. 

CiTBATB  OF  Makoanbsr.  C"H'»Mn»0»*  +  2H*0.— Citrate  of  sodium  does 
not  precipitate  manganous  salts ;  but  when  carbonate  of  manganese  is  digested  with 
citric  acia,  the  above  salt  is  obtained  as  a  white  insoluble  crystalline  powder. 

CiTBATBS  OF  Mbbcubt. — Citric  acid  precipitates  from  fnercutous  acetate,  a 
white  powder  soluble  in  nitric  arid. 

Freshly  precipitated  mercuric  oxide  dissolves  in  hot  citric  acid,  and  the  solution  on 
cooling  deposits  a  white  powder,  which  is  decomposed  by  water. 

CiTBATB  OF  Nickel.  C'«H'«Ni»0'«  +  UH^O.— Oxide  of  nickel  diMo1v»-s  in 
citric  acid  to  a  green  liquid,  (rradually  changing  into  a  green  jelly,  which  on  evupoi^- 
tion  leaves  an  olive-green  film,  soluble  in  water  but  precipitated  by  slcohol. 

CiTBATES  OF  PoTASSicM.  Tripotassic  Citrate.  C«H*K»0»  +  H^O.— A 
solution  of  carbonate  of  potassium  neutralised  with  citric  acid,  yields  by  sponlAoeovs 
evaporation,  transparent,  stellabc-grot:^)ed  needles,  very  doliqnnscent,  and  insoluble  in 
abflolute  alcohol     They  lose  their  water  of  crystallisation  at  about  200^  C. 

Dipotaaaie  Citrate,  C^H«K«0'.--A  solution  of  U  pts.  of  citric  acid  nmitralised 
with  carbonate  of  potaffsinm,  and  mixed  with  1  pt.  of  citric  acid,  yieids  by  evnponktion 
an  nmorphoiis  mass  having  a  sour  ta^te. 


CITRIC  ACID.  999 

Bfonopotassie  Citrate.  C*HTtO*  +  2H^0. — 1  pt  of  citric  acid  is  nentralisod 
with  potaflb,  1  pt.  of  citric  acid  added,  and  the  mixture  evaporated  at  40^  C.  Larp:e 
transparent  prisms,  permanent  in  the  air,  and  having  an  agreeable  sour  taste.  Thej 
melt  m  their  water  of  crystallisation,  and  give  off  13*8  per  cent  of  water,  forming  a 
TiBCous  liquid,  which  solidifies  on  cooling  to  a  concentric  radiated  mass  of  cr}'stnls, 
consisting  of  C^H^O'. 

Ammonio-potassic  Citrate.  C*H*K'(NH*)0'. — A  solution  of  dipotassic  citrate 
neutralised  with  ammonia,  yields  this  salt,  ou  evaporation,  in  transparent  deliquescent 
prisms. 

Potassio-antimonic  Citrate. —  1  pt  of  citric  acid  is  neutralised  with  potash  ; 
1  pt  more  of  acid  added;  the  mixture  boiled  for  some  time  with  trioxido  of  antimony, 
and  the  filtrate  left  to  crystallise.  White,  shining,  very  hard  prisms,  grouped  in  tufts. 
They  give  off  6*7  per  cent  of  water  at  190°  C.  May  be  recarded  as  a  double  molecule 
of  tripotassic  citrate,  in  which  part  of  the  potassium  is  replaced  by  the  tribasic  radicle, 
antimony :  C"H»»(K»Sb"')0". 

CiTBATB  OF  Silver.  CTPAg*0*. —  Citrate  of  potassium  added  to  solution  of  ni- 
trate of  silver,  throws  down  this  salt  as  a  heavy  white  powder,  which  crystallises  from 
boiling  water  in  white  or  yellowish  needles.     BeflHgrat.es  at  a  high  temperature. 

A  rgevtous  Salt. — The  above  salt  heated  to  100°  C.  in  a  current  of  hydrogen,  is 
changed  into  a  dark  brown  mass,  which  is  a  mixture  of  citric  acid  and  triarpentDus 
citrate.  AVater  extracts  from  this  mass  first  citric  acid,  and  then  a  small  quantity  of 
ai^gentons  salt  witli  a  red  colour.  This  red  solution  heated  to  boiling,  assumes  a  green 
and  blue  colour,  then  deposits  metallic  silver,  and  becomes  decolorised. 

Citrates  OP  Sodium.  Trisodic  Citrate.  2(C«H*Na'0')  -»■  llH^O.— Wlien 
a  solution  of  citric  acid  is  saturated  with  soda,  and  the  solution  left  to  evapomte, 
large  rhombic  prisms  are  obtaine<l  of  this  composition.  They  quickly  effloresce  and 
are  sparingly  soluble  in  alcohol.  At  100°  C.  7  at.  water  are  given  off,  and  at  190^ — 
300^,  4  at  more.  A  solution  of  this  citrate  evaporated  at  60°  C,  yields  monoclinic 
crystals  containing  only  2  at  water. 

Disodie  Citrate,  C*H*Na*0'.H'0. — Obtained  like  the  corresponding  potassium- 
salt  Prismatic,  stellate-grouped  crystals,  which  give  off  their  water  of  ciystallisation 
when  dried  over  oil  of  vitriol. 

Monoaodic  Citrate.  C'H'NaO'  +  H*0. — Obtained  like  the  corresponding  po- 
tassium-salt A  very  concentrated  solution  left  to  evaporate  in  a  warm  place,  solidifies 
to  a  mass  of  acicular  ciystals,  and  crystallises  to  the  last  drop. 

AmmoniO'Sodie  Citrate. — Confused  crystalline  crust. 

Potasaio-aodic  Citrate,  C^»Na'0'.C''H»K»0'  +  llBPO— Obtained  by  dissolv- 
ing equivalent  quantities  of  trisodic  citrate  and  tripotassic  citrate,  and  concentrating 
by  evaporation.     It  is  deposited  after  some  days  in  radiate-grouped,  lustrous  needles. 

Citrate  of  Stroxtix'M. — Strontia-water  is  precipitated  by  citric  acid  in  thick 
white  flakes,  which,  after  dr3ring  over  oil  of  vitriol,  have  the  composition  C'*H'*Sr*0'* 
+  2H»0.     They  lose  their  water  of  crystallisation  at  2 1 0°  C. 

Citrate  of  Zinc.  C"H*'Zn*0'*  +  211*0.— Carbonate  of  rinc  dissolves  readily  in 
aqueous  citric  acid ;  on  boiling,  the  salt  is  precipitated  as  a  granular,  crystalline  powder. 

The  aqueous  solution  of  this  salt  mixed  with  a  small  quantity  of  citric  acid,  and 
avaporated  at  a  gentle  heat,  deposits  transparent  crystals,  which  nave  the  composition 
C"H>«Zn»0>  '.2CE*ZnO'  +  2H«0. 

Suhstitution-deritaiive  of  Citric  Acid. 

OxTCHLOBOCiTRic  AciD.    C«H«C1«0«  =  (^'^*^*^"|  ^*.— When  pcutachloride 

of  phosphorus  is  mixed  with  dry  citric  acid,  the  mass  becomes  heated,  liquefies,  and 
then  solidifies  to  a  magma  of  oystals  which  consist  of  oxychlorocitric  acid  mixed  with 
ozychloride  of  phosphorus.  The  latter  is  removed  by  digestion  with  disulphide  of 
carbon,  the  mass  is  thrown  on  a  filter,  and  washed  with  disulphide,  then  pressed  be- 
tween bibulous  paper,  and  dried  in  a  current  of  hot  air.  It  forms  colourless  silky 
nsAoliPfl  * 

CHK)'  ^  PC1»  -  c«H«o*a«  +  P0C1«. 

In  moist  air  or  in  water,  this  acid  becomes  heated  and  is  converted  into  citric  acid. 

On  heating  it  in  a  stream  of  diy  air  to  100°  C,  hydrochloric  add  is  liberated,  and  the 
residue  consists  of  aconitic  acid.  Dry  ammonia  acts  violently  upon  it,  forming  a  black 
vesicular  mass.  In  contact  with  aniUne,  the  acid  becomes  strongly  heat^  and  yields 
phcnyl-aconitimide.  E.  A. 

3  8  4 
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W9  ra  ■—  ■  m^WB  or.  (Pebal,  Ann.  Ch.  Fhann.  Izxzu.  73 ;  zcvili. 
67.) — Of  the  amidefl  of  citric  acid,  bodies  derived  from  ammonia  by  the  replacement  of 
hydrogen  by  the  radicle  citryl,  only  citramide  is  known ;  but  many  of  the  correspond- 
ing phenyl-componnds  have  been  obtained  by  PebaL 

(C^»0*r) 
CiTBAXiDS.    C'H"I^O*  «*  H*  VN*,  is  a  erystalline  componnd,  slightly  ao- 

H»  ) 
Inble  in  water,  obtained  by  the  action  of  alcoholic  ammonia  on  citrate  of  methyl  o« 
citrate  of  ethyl. 

(C»H»0*r) 
Phenylcitramide.    OUranilide,    (C*H*)'>N*,  is  obtained  by  the  action  of  heal 

H«) 
on  triphenylamic  citrate : 

C«B[»(C«H^«0»  -  SH«0  -  C««H«^»0«. 

Triphenjiamic  citrata.  PbeDylcitrmmide. 

To  prepare  this  body,  the  yellow  powder  left  on  heating  triphenylamic  citrate  is  dis- 
■olyed  in  boiling  alcohol,  and  the  solution  is  decolorised  by  animal  charcoal.  On  oooliog; 
two  sets  of  ciTstals  are  deposited,  hexagonal  plates  and  fine  prisms.  The  former  consist 
of  phenylcitnmidei  and  are  dissolved  out  by  boiling  with  alkali,  which  does  not  per- 
ceptibly affect  the  phenylcitramide.  Phenylcitramide  is  deposited  &om  alcohol  in 
colourless  prisms,  truncated  longitudinarily,  and  with  a  nacreous  lustre.  Neutxid  te 
vegetable  colours. 

(C«H'0*r) 

Phenylcitrimide.     CitrohianiL    C«*N«H»«0«  «  (C«H*)»[ IP,  represents  dipheny 

lamic  dtoite  minv$  3  atoms  of  water: 

C^«(C^«N)K)»  -  3H«0  -  C«H»«N»0*, 

Diphenjrlwnie  citrate.  Pbenyldtrfmkls. 

It  is  obtained  in  the  preparation  of  phenylcitramide;  alao  by  heating  phenyldtramie 
acid  witii  phenylamine : 

C»«H'»N0*  +  QfEm  -  C^'H'-NK)*  +  HK). 

Phtnjrlcitramic    PheDyUrohie.         Pbenrl- 
acid.  eitrimids. 

Hexagonal  plates,  soluble  in  alcohol,  and  converted  by  boiling  with  ammonia  into  di- 
phenyldtramic  acid. 

Phenyloitramie  Acid.  CitranUic  Acid,  C«H"NO»=^(^^'*^*)(^*^'^*)"|o.— 
Obtained  by  the  action  of  heat  on  monophenylamic  citrate : 

C«H'(C*Hn^)0'  -  2HH)  -  C"H"NO» 

Monophenylamic  PbenjI- 

cltrate.  dtramic  acid. 


Monophenylamic  citrate  is  heated  to  140^  —  \6(P  0.  aa  long  as  wat«r  is  given  off.  On 
eooHng,  the  residue  becomes  crystalline.  It  dissolves  readily  in  water,  and  if  excess  oi 
phenylamine  has  been  avoided,  it  is  deposited  in  small  crystalline  spherules,  or  in 
mamiUary  groups  of  small  prisms.  It  has  an  add  reaction,  and  forms  czystalline  salti 
with  silver  and  with  aniline. 

On  treating  it  with  i>entachloride  of  phosphorus,  hydrochloric  acid  is  given  off, 
and  a  liquid  formed,  which  appears  to  contain  chloride  of  aconitanyl,  C"KH*0'.CI,  as, 
when  treated  with  water,  it  is  resolved  into  hydrochloric  add  and  phenylaconitamie 
add. 

Diphenyleitramio  Acid.  (Htrobiamlie  Acid,  C'«H»"NK)».— 'Obtained  in  the 
form  of  an  ammonia-salt  by  boiling  phenyldtrimide  with  ammonia.  By  adding  hydro- 
chloric add  to  the  solution,  the  acid  is  predpitat«d.  Recrvstallised  £rom  alcohoL  it 
forms  8oft,ooncentrically-gronped,8Llky  needles.  It  melts  and  gives  off  water  at  150^  C, 
and  becomes  reconverted  into  phenyldtrimide. 

Diphenyldtramic  acid  contains  Uie  elements  of  diphenylamio  dtrate  imnus  2  at 
water:   C«H«((>H»N)H)'  -  2HH)  -  C»«H'"NW,  and  may  be  zepieaented  by  the 

formula  (C'HH)*)"'^  q,  derived  from  the  mixed  type  N»H«.HH).  E.  A. 


The  dtric  ethers  represent  dtric  add  in  which  one  or  mors 
atoms  of  hydrogen  are  replaced  bv  alcohol-ndideB.  Those  in  which  one  or  two 
atoms  of  hydrogen  are  thus  replaced  have  add  properties. 
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ion  of  at 

i.  ^t _.^_. 

»■  liquid  dietils  orar  at  ■bont^90°C.,  which  iidtrata  of  netlijl.   Aitai  ■tacdius 
ime  it  dTitolliua.     (Saint- Evre,  Compt.tnid.xzL  IM.) 

lomUij/UUrU  A',id,^^^''J0;  tni  BtmeOglcUric  add.  ^^^^^liy. 


[id  alcohol :  but  the  beM  method  of  tuvparing  it.  accordine  to  Semondeaii,  ia  u 
:  A  Bolotion  of  dtrie  add  in  alcohol  ij  Batnraled  with  hjdiochloric  add  gi* 
[lid  nentnJiaed  with  carbonate  of  soda,  and  agiut«d  with  common  elher,  wMeh 
ea  ont  the  citric  ether.  On  evaporating  the  ethereal  solution,  dtrie  ether  la  left 
lilj,  jellDwiah,  tfaoaparent  liquid,  with  aa  odour  resembling  oUts  oiL  Its  spe- 
BTity  is  1-143.  It  u  vrrj  aolable  in  alcohol  and  in  ether.  It  boils  at  tW  C, 
umposea — probably  into  aconitic  or  dtiaconic  ether.  It  is  decomposed  by  trtie 
into  dtrates  and  free  alcohol  With  ammonia  it  yields,  baddes  dtramidey 
prodorta  which  have  not  been  examined.  E.  A. 

WXnso  AOXn.    Syn.  with  Actunrio  Aav. 
miKMWB.    BaeCmzn. 

nnni.  A  glany  variety  of  qnaria  having  a  win»-yeIlow  oolonr. 
mXMU.    OUnglyceriiu.   OUralet  of  GlgeayL  (van  Benmelen,  J.pT.Cbem. 
I.) — Two  of  these  compoonds  have  been  obtained  by  *""H"g  dtne  add  with 

3  byhMt- 

then  escapes,  and  there  rpmaiiii  a  hard,  light  yellow,  tianaparent  a 
the  pure  product  may  be  obtnined  by  boiling  ont  the  excess  of  dycerin  with 
.  It  is  difficult  to  pulverise ;  insoluble  in  water,  alenhol,  and  ether.  Hydro- 
acid  disaolres  it  graduiilly  witli  aid  of  heat :  sulphuric  add  immediately,  with 
ling.  It  dissolves  gradoally  ia  cold  potash-W,  and  when  bailed  with  buKS,  is 
'  resolved  into  dtnc  add  and  glycerin.  The  formatjon  of  the  eompoimd  is  le- 
«d  by  the  equation : 

CBfO'   +   CHND'  -   CH"0'   +   8HK). 
CKrk  add.        CIthHb. 
<e    Citrate  of  Qtseeryl,     Citrodiglsetride,   CH^"  ■  CfHW-CHK)*, 
I  regarded  as  a  doable  molecule  of  glycerin  (   nt  t^)>  in  which  3  at.  hydro- 

I  rq)Iaeed  by  dtiyl,  that  is  tc 

by  beatiDg  dtric  add  with  a  double  quantity  of  glycerin.  The  nuas  malts  at 
,  and  the  transformation  is  completed  between  IGO"  and  170°.'  The  produnt 
1  by  boiling  with  alcohol,  is  yeUowish-brown,  somewhat  darker  and  less  hard 
le  tinitisl  compound,  which,  however,  it  nBemblea  in  other  teqiecta. 
SOCBXZO  and  OZTmO^EO  ACZSS.  Two  adds  said  to  b«  contained  in 
iment  of  lemon  and  bergamot  oils;  the  former  is  waxy,  the  latter  oily.  (My- 
jch.  Pbaim,  xxxiL  2B.) 

WWLAMBt,    Syn.  with  pHsmummna  (p.  998). 
See  Crrsnis. 

I.    (v.Bemmelen,  Jahnaber.  I.phsm.  IS£8,  p.  4Se.)— 
rm  IB  appiiea  to  two  compounds  derived  from  mannite  in  the  same  manner  aa 
■ins  are  derived  from  glycerin.    They  are  formed  I^  heatilig  dtric  add  with 
«iidlW»C,«    '■    ■'     '"-■    -'" 
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Monooitromannitan.  C»H'H)«=(OflK)*ryO»  -  C^H)'  +  C«H^'0»-3H  O.— 

H"      \ 
A.  hard,  light  yellow,  tastelesB  BabBtaiice,inBolable  in  cold  water,  aleohol,  and  eth«r, 
deoomposM  by  long  boiling  with  water  or  alcohol,  also  by  aikalia.    Between  170^  aod 
180^  C.  it  toma  biown  and  deooniiXMea. 

Dieitromannitan,    C»«H»0»»  -  (C«HK)*rf  0»  +  2H»0.— Obtained  as  a   hy- 

drate  by  heating  2  at  citric  acid  and  1  at  mannite  for  Bome  time  to  between  140^  and 
150^  G.  The  prodnct  ia  a  dry,  hard,  light  yellow  mass,  which  has  no  acid  reaction, 
dissolves  in  water  only  after  long  boiling,  is  easily  decomposed  by  alkalis,  and  does 
not  give  ofT  water  without  decomposition  when  heated. 

OZ&  or.    See  Ctebits  icediqa.  (p.  1004). 

The  name  applied  by  Blanchet  and  Sell  to  that  constituent  of 
lemon-oil,  which  forms  a  crystallisAble  compound  with  hydrochloric  acid  (p.  1004).  It 
is  sometimes  also  applied.to  the  triatomic  radicle  of  citric  acid. 

The  camphor  or  stearoptene  of  lemon-oil  (p.  1004). 

A  genus  of  plants  belonging  to  the  natural  order  Aurantiaeeat  and 
including  the  orange,  lemon,  citron,  shaddock,  &c.  They  all  produce  juicy  fruits  con- 
taining citric  add,  and  enclosed  in  a  thick  fleshy  rind  containing  volatile  oils,  whi^ 
are  isomeric  with  oil  of  turpentine,  but  differ  horn  one  another  in  odour,  densi:^,  ac- 
tion  on  polarised  light,  &c. 

CiTBUS  AuBAKTiuM.  The  Stoeet  Orcaige, — The  rind  of  this  fruit  contains  a 
volatile  oil.  Oil  of  orange-ped^  Oleum  corticum  aurantiorum,  which  maybe  extracted 
by  pressure  or  by  distillation  with  water.  It  has  the  same  composition  and  vapour- 
density  aa  oil  of  lemon.  Specific  gravity  in  the  liquid  state  0*83 — 0*89.  Boiling 
point  180^  C.  It  is  neutral,  and  has  an  agreeable  odour.  Optical  rotatory  power, 
125*6^ — 127'4^  to  the  right  It  dissolves  completely  in  absolute  alcohol,  ana  with 
turbidity  in  7 — 10  pts.  alcohol  of  specific  gravity  0  85.  It  unites  with  hydrochlorii 
add,  forming  a  liquid  compound,  C'*H '.fiCl,  and  a  solid  compound,  C**H'*.2HC1, 
which  melts  at  60^0.    (Gm.  xiv.  306.) 

Orange-peel  also  contains,  especially  in  the  unripe  state^  a  bitter  prindple  called 
Aurantiinor  Hesperidin  (q,v.) 

The  juice  of  the  orange  contains  dtric  and  malic  adds,  partly  free,  partly  oombtnnl 
with  bases.  The  juice  of  sweet  oranges  likewise  contains  grape-sugar  or  cane-sugar ; 
the  grape-sugar  predominates  in  the  unripe  state,  but  does  not  sensibly  increase  in 
quantity  as  Uie  fruit  ripens,  while  the  amount  of  cane-sugar  increases,  both  absolatdr 
and  relatively  to  the  weight  of  the  orange,  the  juice,  and  the  solid  constituents  (Ber- 
thelot  and  Buignet,  Compt  rend.  b.  1094).  100  pts.  of  oranges  contain  4*2  pff 
eent  cane-sugar,  4-3  grape-sugar,  and  0-45  frt»e  add  (Buignet,  Ann.  Ch.  Phys.  LxL 
J233).  The  pips  of  the  orange  contain  a^  bitter  substance,  which  appears  to  be  i<ientical 
with  the  limonin  of  lemon-pips. 

The  flowers  of  the  oranse  contain  a  vcr^r  fnigrant  volatile  oil,  called  OUof  Neroli, 
OUwmflorum  napha  a  n^njt,  which  is  obtained  by  distilling  the  flowers  with  water. 
When  recently  prepared,  it  is  nearly  colourless,  but  reddens  quickly  on  exposure  te 
light  Aooording  to  Soubeiran  and  Capitaine,  it  is  composed  of  two  oils,  one  easily 
soluble  in  water  and  very  fragrant,  while  the  other  is  sparingly  soluble  and  has  a  lesi 
agreeable  odour ;  the  latter  floats  on  the  watery  distillate,  and  is  easily  separated.  Tite 
more  fragrant  oil  may  be  extracted  from  the  watery  distillate  {oranffc-JUwtr  ftaUr)  b/ 
means  of  ether.  It  is  reddened  by  suiphuric  acid,  and  communicates  this  property  to  the 
entire  essence.  Nitric  ccid  colours  the  oil  brown.  According  to  Doberdner,  oil  of  nervJi 
produces  a  peculiar  acid  in  contact  with  platinum-black.  Oil  of  neroli  dissolves  dearly  in 
1 — 3  pts.  tucohol  of  specific  gravity  0*85,  and  with  turbidity  in  a  larger  quantity.  Ac- 
cording to  Boullay  and  Plisson,  alcohol  of  90  per  cent,  separates  from  oil  of  neroli  a 
solid  substance,  neroli-camphor,  mdting  at  60^0. ;  insoluble  in  wat«T,  sparini^ly 
soluble  in  boiling  absolute  alcohol ;  very  soluble  in  ether ;  it  Appean  to  oontatn  8S'76 
per  cent  0,16*09  H,  and  1*16  0 ;  probably  a  hydrocarbon  when  pure.  {Grm.  sir.  886 ; 
Gerh.  iii.  639.) 

The  leaves  of  the  orange  yield  a  watery  inAision  characterised  by  a  bitter  aranatie 
tastei 

The  following  table  exhibits  the  composition  of  the  ash  of  Tsrious  parta  of  the 
omnge-tree:  -^ 
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jMi  of  Ormigi-lree. 


Ra« 

mi^B 

LOW. 

Root. 

«~ 

L»,«. 

FnU. 

pii«. 

Fruit. 

wrcMtL 

4-48 

2-74 

137 

3'94 

3-3 

- 

16-t 

16-5 

3W 

40-3 

*-6 

3-0 

11-4 

0-9 

49-9 

S£-e 

S6'4 

24'£ 

eaia.      .        .        . 

0-9 

6-3 

fi-7 

8-0 

8-7 

66 

10 

0-9 

0-S 

0-S 

08 

oric    >dd    (uihy- 

68 

4-8 

4-* 

SI 

2'9 

1-7 

la 

4.8 

04 

11 

6-2 

13'G 

17-1 

33 

11-1 

23-2 

1-2 

0-2 

6-6 

3-e 

6-8 

trace 

pho.plu.Ki   .         . 

— 

— 

- 

— 

— 

17 

■  DE  BiBOAKiA.  Tht  Brrgamftt. — The  rind  jield*  by  promra  ■  ToUtile  oiL 
.  which  deposits  bj  keeping,  a  soUd  camphor  called  bergaptene,  having  tha 
sition  CHK).    (See  BsnoinoT,  On.  or,  p.  680.) 

BDE  EioitBAiiiA.  The  Biffarade  or  Sitter  Orange  {BigaradUr  at  the  French, 
<)oh  of  the  IlaliaDs).— The  rind  of  the  fniit  of  thi«  plant  yielda  by  presaare  a 
e  oil.  C'"H",  coniniouly  csUed  CHt  at  Earnet  (ff  Mandarin  (though  the  raandaria 
I  is  a  vjii^ty  of  Citritt  aurantium).  ASter  Bllnition,  it  hu  a  pule  relloviiih 
.  bat  ufler  nctificiitiua  it  is  colourlebE,  dear,  nod  mobile.  Specific  gravity,  0862 
C,  08517  at  12°.  Boiling  point  178°.  It  haa  an  sgTe>eabte  odour,  diJSerent 
hat  of  lemon  or  orange-oil.  and  a  not  nnpleoaant  taste,  like  that  of  oninge-oiL 
J  totatoiy  power  866'-'  to  the  right.  It  is  taaoluble  in  icater,  but  soluble  in 
.  of  t^cohaJf  alflo  in  ither  and  glacial  acttic  acid,  and  in  all  proportionH  in  tid* 
of  carbon.  It  disaolvea  brmnine,  iedini,  piin^horut,  aiUphur,  oiU  both  fixed 
lUtlle,  <Bax,  Bad  ntini.  With  hydrochloria  aeid  it  forma  a  cryatiLlliiie  compound 
uiiig  C"S".2HCL  Cold  nitric  acid  coloim  it  faintly  yellow ;  hot  nitric  acid 
posea  it,  with  evolatioD  of  nitrous  fumee,  and  the  mixture,  on  additioa  of  water, 
ta  a  nearly  aolid  mua.  With  aUiihalic  nitric  add,  it  forms  a  crfslaliiue  ma**, 
:i1y  a  hydrate.  It  is  reddened  by  cold  lulphurie  acid,  and  carbonised  when 
1  therewith.     (S.  de  Luca,  Compt.  rend.  ilv.  S04.—Qm.  liv.  304.) 

;  bigarade,  or  Seville  oranci!,  is  much  used  for  the  ni 

ot  candied  01     ^ 
ivea  its  flBvour  to.  the  liquid  called  Cuiafoa. 
rars  Limitta.    The  Lime. — The  rinda  when  ton  and  preawd,  or  distilled 
rat«-,  yield  an  oil  which  resembles  oil  of  lemon,  and  when  treated  with  mlphnrio 
nd  cbromateofpotaaaium,  forma  limettic  acid,  C'H'O'.    (Om.  Icccit.) 
rKOi  LzuowTnt.    The  LmioH Bsgarded  bj  many  writer*  as  a  niiety  of 

mon-JQiceeontainfl  free  ciliic  acid,  audiaosed  for  th*  preMration  of  that  add 
3).  alsomnciiB.  vegetahle  albnmin.  and  sugar;  according  to  Baignet  (Ann.  CL 

\a]  liL  233),  100  pta.  of  it  contain  1-1  g»pe-sugar.  0'4  cane-sogar,  and  47  fre« 
ThBnitrogenonamattercanaesitta putrefy  eaaUy,  whence  it  sequin* an  nn^a^ 
msU  and  taste;  to  pcrent  this  change,  it  is  often  kept  in  bottles,  with  aUyerof 

its  Burface. 

wrding  to  Witt  (Chem.  Soc  Qn.  J.  viL  44),  lemon-juice  contains  from  0-3  toO-A 
enL  aah.  conalatio^  in  100  pta.  of  44-3  per  cent  potash,  2'1  soda,  7-6  lime,  3-8 
Mia,  12'6  Eolphunc  anhydride,  lS-7  rarinnic  anhydride^  7-6  phosphotie  anhy- 

I'O  feiric  phosphate,  12  chlorine,  and  0-6  silica. 

mon-pipa  contain  in  the  nnclaus,  citrate  of  potassium,  a  &tty  non-diying  oil,  « 
r-like  iit,  a  bitter  principle  called  limoniTi,  together  wiUi  other  ooDStitiients. 
the  ash  of  lemon-pips.  Souchay  (J.  pr.  Chem.  xxiviiL  26)  found  33-3  per 
potash,  3-6  soda,  126  riina,  S'6  magnesia,  03  ferric  oxide,  341  pbosphorie  aoLf- 

3-2  snlphnric  anhydride,  2-3  chloride  of  sodiam,  and  0-3  ailiea. 
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oa  of  l^moB. — ^Lemon-peel  oontanu  a  Tolatale  oil,  called  Oil  of  lemon,  (MfUmcitri, 
which  is  extracted  bj  pressure  or  bj  distillation  with  water.  This  oil  is  oomposfdfcv 
tiie  most  part  of  a  hydrocarbon  isomeric  with  oil  of  turpentine,  C'*H'*,  and  having  the 
same  Taponr-densi^  (4*81—4*87).  It  is  neutral,  and  has  an  agreeable  odour.  Spedfie 
gravitjuithe  liquid  state,  0*84—0*86  (Zeller).  Boilins  point  173^0.  (Blanchet 
and  Sell) ;  176*1^  (Brix).  It  Tolatilises  in  the  air  at  ormiutiy  temperatures  without 
leaving  a  perceptible  grease-spot,  provided  it  has  not  become  resinous  by  oxidation.  It 
deflects  the  plime  of  polarisation  of  light  to  the  right. 

Oil  of  lemon,  obtained  as  above^  is,  however,  a  mixture  of  two  hydzoearbona,  having 
the  same  composition,  but  dififiaring  in  optical  rotatory  power  ana  in  their  beharioiir 
with  hydrochloric  acid.  These  two  hydiocarbons  may  be  separated  by  distilling  the 
oil  in  vacuo.  The  first  portions  collected  at  56^  C.  have  a  density  of  0*8614  at  15^  C, 
lotatoiy  power  »  +  66*4^,  and  when  saturated  with  hydrochloric  add  gBfl,yield  a  solid 
and  a  hquid  dihydrochlorate.  The  following  portions  collected  at  about  80^  C.  hare  a 
Bpeciflc  gravity  of  0'8506  at  16^,  rotatory  power  »  -h  72*6^,  and  are  almost  wholly 
transformed  by  hydrochloric  add  into  a  solid  dihydrodilorate ;  th^  likewise  contain  a 
sensible  amount  of  oxidised  oils.    (Berthelot) 

Oil  of  lemon  dissolves  sparingly  in  water^  in  7*14  pts.  alcohol  of  specific  gravity 
0*8317,  in  10  pts.  alcohol  of  specific  gravity  0*86,  in  any  quantity  of  absolute  aloohol, 
and  mixes  readily  with  oils  both  fixed  and  volatile  It  dissolves  sulphur  and  phttt- 
phoruB,  also  retins  and  other  bodies. 

Oil  of  lemon  when  exposed  to  air  and  light,  absorbs  oxygen,  with  formation  of  oeonev 
becoming  at  the  same  time  darker  and  more  visdd,  and  forming  a  small  quantity  of  car- 
bonic acid ;  according  to  Aschoff,  the  crude,  but  not  the  rectified  oil,  turns  add  on  cxpc^ 
sure  to  the  air,  forming  acetic  acid  and  lemon-camphor.  At  a  red  heat,  the  oil  is  deeom- 
poeed,  with  formation  of  tar  and  charcoaL  Chlorine  decomposes  it ;  cotton  soaked  in  the 
oil  and  immersed  in  chlorine  gas  becomes  dfiured  on  the  surface,  but  does  not  take  fira. 
When  bromine  is  covered  with  a  layer  of  water,  the  water  with  oil  of  lemon,  and  the 
whole  carefhlly  mixed,  the  bromine  becomes  decolorised  without  explosion,  and  a  bromi* 
nated  oil  is  formed,  1  pt  of  rectified  lemon-oil  taking  up  2*28  pts.  and  1  pt  of  the  crude 
oil,  2*4  to  2*6  pts.  of  bromine  (O.  Williams,  CheuL  Gas.  1853,  p.  865).  Iodine  deoom* 
poses  oil  of  lemon  with  rise  of  temperature.  Strons  nitrie  add  turns  it  brown  and  red- 
nises  it ;  alcoholic  nitric  add  converts  it  into  a  hyo&ate.  With  strong  sulphuric  add^  it 
assumes  a  yellowish  brown  colour,  and  yields  terebene  and  oolophene ;  similariy  when 
distiUed  with  phosphoric  anhydride.  Lemon-oil  dropped  into  a  laige  quantity  of  oil  of 
vitriol  is  said  to  yield  sulphoterebic  add  (G er h  ardt).  Ihtassium  eliminates  iiydit)cen 
from  lemon-oil,  uowly  at  common  temperatures,  more  quickly  when  heated,  •^*r'i""g 
at  the  same  time  a  brown  colour;  after  repeated  distillation  over  potassium,  however, 
the  oil  undergoes  no  further  alteration,  and  then  possesses  a  finer  odour  than  before. 
Hydrate  of  potassium  separates  from  ofl  of  lemon  a  brown  substance^  the  ofl  thereby 
acquiring  a  stronger  and  more  agreeable  odour. 

Oil  of  lemon  is  largely  used  in  perfumery ;  it  should  not  be  dark  coloured  or  viadd 
or  leave  a  perceptible  stain  on  paper.  It  is  often  adulterated  with  chefl|>er  oils*  such 
as  oil  of  turpentine  or  oil  of  lavender,  and  sometimes  with  alcohol.  The  latter  adulte- 
ration may  be  detected  by  agitation  with  water,  the  pure  oil  then  exhibiting  no  per- 
ceptible diminution  of  volume.  The  pure  oil  is  also  coloured  brownish  by  add 
cluomate  of  potasnum,  whereas  if  it  contains  aloohol^  it  turns  greenish. 

The  admixture  of  cheaper  oils  may  generally  be  detected  by  the  odour.  Oil  cf  tur- 
pentine may  also  be  detected  in  oil  of  lemon  by  its  different  behaviour  to  polarised 
&ght,  especially  when  heated,  the  molecular  coustitution  of  oil  of  lemon  being  much 
less  altered  by  heat  than  that  of  oil  of  turpentine.  The  rotatory  nower  df  me  sua- 
pected-  <^^  ^  ^^  ^o  ^  determined  at  the  ordinary  temperature,  ana  again  after  the 
oU  has  been  heated  to  300°  C.  for  an  hour  or  two.  If  tne  oil  is  pure,  no  chai^  will 
be  percdved,  but  if  oil  of  turpentine  is  present,  espedally  the  Fnnch  kind,  which  is 
Itevo-rotatozy,  the  dextro-rotatory  power  of  the  oil  will  be  considerably  increased  by  the 
I      heating. 

I  Hydrate  of  Lemon^pil  is  a  erystalline  substance  isomeric  with  hydrate  of  ta^ 
pentine-oil,  C>*H*'.2H'0,  obtained  by  mixing  1  pt  of  lemon-oil  with  J  ptL  aloohol  of 
specific  gravity  0*85,  and  }  pt.  ordinary  nitnc  add,  and  leaving  the  mixture  to  itself 
m  some  time.    (Deville.) 

Hydroehlorates  of  Lemon'Oil. — These  compounds  are  fi^rmed  by  satmatingthe 
oil  with  hydrochloric  add  gas,  also  by  treating  the  oQ  with  the  aqueous  addTlle 
eompound  formed  in  largest  quantity  is  the  dihydrochlorate,  C*'fi**.2HCl,  of  which 
there  is  a  solid  and  a  liquid  modification,  the  latter  being  produced  chiefly  from  tha 
more  volatilsi  the  former  horn  the  less  volatile  portion  of  the  ofl.  (Bsrtkeloti 
tfidL  msp.) 
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MonokydroehlcToie.    C'*H^'.HC1. — This  compound  is  prodaced  by  iatuntiiig  a  sohi-* 
tion  of  lemon-oil  in  acetic  acid  or  alcoholic  solphnric  acid,  with  hydrochloric  add  »% 
and  collecting  the  few  crystals  which  separate,  rarely,  howeyer,  and  only  under  pecimar 
cireamstances.    It  appears  also  to  be  present  in  small  quantity  in  the  portion  of 
lemon-oil  which  remains  liquid  after  the  separation  of  the  solid  dihydrochlorate.    The 
aystals  melt  at  100^  C,  and  volatilise  without  decomposition  at  higher  temperatures. 
IHkydrochlorate,    C'*H'*.2HCL — The  solid  modification  of  this  compound  is  ob- 
tained by  passing  dry  hydrochloric  acid  gas  to  saturation  into  rectified  and  dehydrated 
oil  of  lemon  well  cooled,  separating  the  resulting  crystals  from,  the  mother-liquor,  press- 
ing them  repeate<lly  between  paper,  washing  them  with  cold  alcohol,  reaystallising  from 
hot  alcohol,  drying  in  the  air,  afterwards  in  vacuo  or  over  oil  of  vitriol,  and  once  more 
crystaUiuing  from  ether  (Blanchet  and  Sell).    It  forms  ri^ht  four-sided  prisms  or 
laininx,  heavier  than  water ;  has  an  aromatic  odour ;  is  insoluble  in  water,  soluble  at  14^  C 
in  6*88  pts.  of  alcohol  of  specific  gravity  0*806 ;  and  separates  from  the  solution,  on  ad- 
dition of  water,  in  crystalline  laminrp.     On  evaporating  the  alcoholic  solution,  partial 
decomposition  takes  place.    The  crystals  are  also  soluble  in  oils  both  fixed  and  vola- 
tile.   The  compound  is  optically  inactive,  melts  at  43°  or  44°  C,  and  solidifies  cry- 
■talline  on  cooling;   it  sublimes  at  50° C.   without  decomposition,   boils  at   142^ 
(C  ah  ours),  at  162°  (Blanchet  and  Sell),  with  partial  decomposition,  hydrochlorio 
acid  escaping  and  an  oil  passing  over,  which  does  not  solidi^r  till  cooled  to  20°  C 
The  crystals  bum  with  difficulty  when  heated  in  the  air.     CJuorine-giU  converts  th« 
fused  compound,  with  rise  of  temperature,  into  a  chlorinated  compound,  C"(H"Cl*).2HQ, 
Laurent's  ht/Hrochloratr  de  chhrocitrmhe, 

Dihydmriilorate  of  leraon-oil  is  decomposed  by  silver  and  mercurous  salts  in  the 
oold,  not  by  oxidr  of  I  tad.  even  when  heated.  I^itrie  acid  does  not  act  upon  it  in  the 
cold,  but  ilcconiposes  it  when  heated,  with  evolution  of  nitrous  acid.  Strong  sulphuric 
aeid  decomposes  it,  separating  hydrochloric  acid.  Potassium  decomposes  it^  with  sepa- 
ration of  lemon-oil ;  if  heat  be  applied,  citrene  (p.  992)  is  produec^L  The  same  pro- 
duct ia  obtjiincd  by  repeated  distillation  of  the  compound  with  potash  or  lime,  or  by 
the  action  of  thofse  bases  at  liigh  temperatures. 

The  liquiil  dihydrochlorate,  called  also  hi/drochlorate  ofcitrilene  and  hj/drochlorati 
of  citryl^  is  contained  in  the  mother-liquor  of  the  preceding  compound,  and  may  be 
obtained  pure  by  cooling  the  mother-liquor  to  - 10°  C.  to  separate  the  remaining 
quantity  of  the  solid  compound,  and  filtering  through  a  mixture  of  chalk  and  animu 
charcoal,  to  remove  free  acid  and  colouring  matter.  It  is  a  mobile  oil,  optically  inac- 
tive, soluble  in  alcohol,  and  precipitated  from  the  solution  by  water,  with  loss  of  hydro- 
chloric acid.  By  treatment  with  nydrochloric  acid  gas,  it  is  converted  into  a  ciystalline 
mass,  which  dissolves  in  alcohol,  but  separates  therefrom,  not  in  ciystals,  but  in  the 
form  of  a  heavy  oil,  a  small  quantity  remaining  in  solution. 

Lemon -camphor  or  Citroptfne. — A  solid  substance  produced  from  lemon-oil 
by  oxidation.  It  is  formed  when  the  oil  is  kept  for  some  time  in  half-filled  bottles, 
partly  separating  in  the  solid  state,  while  the  rest  remains  dissolved,  and  may  be  sepa- 
rated by  rectifying  the  oil.  It  forms  colourless  volatile  crystals,  which  smell  like  oil 
of  lemon,  have  a  sharp  pungent  taste,  are  neutral,  insoluble  in  cold  water,  but  very 
w>luble  in  hot  water,  to  which  they  impart  a  decidc<l  dichro'ism.  It  is  soluble  also  in 
alcohol  and  ether,  the  hot  saturated  solutions  soliditying  on  cooling.  The  compound 
melts  at  46°C.  (Mulder),  above  100°(Berthelot),  boi&  at  a  temperature  above  100<>, 
and  distils  in  oil-drops,  which  soli(h'fy  in  the  crystalline  form ;  it  may  also  be  sublimed. 
VHien  thrown  on  red-not  coals,  it  volatilises  without  taking  fire.  It  dissolves  in  sulphuric 
acid  with  red  colour  and  peculiar  aromatic  odour,  ana  water  precinitates  from  the 
solution  a  white  resinous  substance,  which  is  insoluble  in  water,  and  does  not  melt  at 
100°.  Nitric  add  dissolves  the  camphor,  with  decomposition  at  common  temperatures, 
bat  gives  off  nitrous  acid  when  heated  with  it  The  camphor  does  not  absorb  hydrO' 
chloric  acid. 

The  composition  of  lemon-camphor  is  not  known  with  certainty.  According  to 
Mulder,  it  contains  64*8  per  centC,  9*2  H,  and  360  0;  according  to  Berthelot,  58*0  C, 
7'tf  H,  and  34-6  0. 

The  term  lemon -camphor  is  likewise  applied  to  two  other  oompK>und8,  vis.  the 
solid  dihydrochlorate  of  lemon-oil,  and  the  hydrate  formed  by  the  action  of  alcoholic 
nitric  acid  on  the  same  oiL 

Citrus  Lumia.  The  Swfet  Lemon.— Thia  plant,  which  grows  abundantly  in 
Calabria  and  Sicily,  jrields  a  fruit  very  much  like  the  common  lemon.  The  rind  yields 
by  pressure  a  volatile  oil,  the  greater  part  of  which  distils  between  180°  and  190°  C. 
yielding  a  colourless  limpid  liquid. 

The  portion  boiling  at  180°  is  isomeric  with  oil  of  turpentine,  &c,  and  has  a  density 
cf  0*863  at  18°     It  possesses  a  dextro-rotatory  power  -  84°  for  the  transition-tint 
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It  is  nliffhtly  iolnble  in  alcohol,  very  soluble  in  rth^  anr^.tn  m/pkid^.  of  eardotu  It  im 
reeinifled  by  strong  fiiiric  acid,  and,  like  oil  of  lemon,  yields  a  crystalline  hjrdrate  vith 
(dcoholic  nitric  add.  With  hydrochloric  arid,  it  forms  a  liquid  and  a  crystalliae  eom- 
pound ;  the  Utter,  which  has  a  peculiar  o<1onr  and  meltn  a  low  temperature,  is  a  dtky^ 
drochloraie,  C»»H»r2HCL    (S.  de  Luca,  Compt.  rend.  li.  268.) 

Citrus  Mxdioa.  The  Citron.  (Citradicr  of  the  French,  Odro  or  Cedrato  of 
the  Italians.) — The  frait  of  this  species  is  usually  lar^e,  warted  and  furrowed,  with  an 
extremely  thick  spongy  rind  ind  a  Nubncid  pulp.  It  is  chiefly  valued  for  the  fragrance 
of  the  rind,  from  which  a  delicate  sweetmeat  is  prepared.  Two  volatile  oils  n»ed  in 
perfumery  are  extracted  from  it,  viz.  oil  of  citron  and  oil  ofcedra.  Both  are  highlr 
fragrant,  almost  colourless,  and  lighter  than  wnter ;  they  are  distinguished  by  Uieir 
odour,  that  of  oil  of  cedra  partaking  of  the  character  of  oil  of  bergamot.  The  two  oils 
are  often  confounded  by  pharmaceutical  writers.  They  appear  to  be  obtained  by  dis- 
tillation, as  they  are  fre«  from  mucilage.  Both  of  tnem  are  hydrocarbong  isoniierie 
with  oil  of  turpentine.    (Pereira,  Materia  Mrdica,  3rd  ed.  1863,  ii.  2032.) 

CZTKTIi.  This  name  is  applied  to  the  triatomic  radide,  C*HK)\  of  citric  acid, 
&c ;  also  by  Blanchet  and  Sell  to  that  portion  of  lemon-oil  which  forms  a  liquid  com- 
pound vrith  hydrochloric  acid  (p.  1002). 

Chloride  ofcitryl  (OHK)*)'"  CI*,  appears  to  be  formed,  together  witb  oxycbloro- 
citric  acid  and  chloride  of  aconityl,  when  citric  acid  is  heated  with  pentachloride  of 
phosphorus  (p.  997),  inasmuch  as  the  mother-liquor  which  remains  after  the  oxychlo- 
rocitric  acid  has  crystallised  out,  yields,  on  addition  of  water,  both  citric  and  acmitie 
adds.    (Pebai) 

The  following  is  a  list  of  the  oompoundi  of  dtxyl  described  in  preoediag  artideK 
[C»H»0«  -  Ci]. 


Chloride  of  Citiyl    . 
Citric  add       • 

Citrates,  monometallio 

Citrates,  dimetallio  • 

Citrates,  trimetallio 

Citrate,  monomethylio 

Citrata,  dimethylio 

Citrate,  trimethylio 
Citrate,  triethylie  • 
Citrate,  monoglyceric 


ci-^a" 


Ci' 


jo. 


Ci-jo. 


H*M 


Ci 

Ci*" 


;jo. 


0« 


Citrate^  diglyoerie 


Citromannitan . 


Didtromannitan 


Citramide 


2(C»H^[o» 

(C^7'|o» 

Ci-) 

.  Ci'-fo* 
(C^V) 


.(CH»)*',0« 


Ci*" 
(CH»)» 


1 


0» 


(C«H*>»fv» 
H') 

Ci-, 
H) 

An  odoriferoQS  substance  obtained  from  animals  of  the  genna  VXverta 

(Cuy.),  yis.  the  Viverra  civeita  of  North  Africa,  V.  sibetha,  found  on  the  continent  of 
Asia,  from  Arabia  to  Mahibar,  and  V,  Basse  of  Java.  It  is  contained  in  a  pooch 
situaled  between  the  anus  and  organs  of  generation,  and  is  voided  by  the  animals 
against  shrubs  or  stones.  A  better  quality  is,  however,  obtained  by  keeping  the  animals 
in  confinement,  and  squeezing  the  pouch  at  certain  intervals. 

Good  dvet  is  of  a  clear  yellowish  or  brownish  colour,  not  fluid,  or  hard,  but  of  about 
the  consistence  of  butter  or  honey,  and  uniform  throughout,  of  a  very  stronff  smell,  t^ 
bembling  musk  or  ambergris ;  quite  offensive  when  undiluted,  but  agreeable  when  onlr 
a  small  portion  of  dvet  is  mixed  with  a  huge  quantity  of  other  substances. 


Ci"*) 
•  (C«fl»)»|  ^* 

Ci 
(C"H' 


Phenyldtramide 


Phenylcitrimide 


Phenyldtramic  acid 


Diphenylcitramic  acid 


Ci 

H 
H 

Ci' 
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.  unites  irith  oils,  bnt  not  with  aleohoL 

ron-Charlard  fltatm,  that  in  >a  oneiceptionablj  good  dret,  wmi-fliiid,  unetaai 

Hot.  be  fband  frea  saimoDik,  ■tearin,  oleiD.  maena,  renu,  volatile  oil,  yetlo 

ig  (TubalKDce,  and  salta.     No  benzoic  acid  conid  be  detected  in  it.    (J.  Phain 

.  63T.J 

kXzrxCATZav,    Cluriflcatioa  is  the  process  of  freeing  a  liquid  irota  beb 

>ua  matlcF  or  frcnlenciei ;  the  term  is,  hovever,  Beldam  applieil  to  the  mei 

lit^itl  process  of  stmininff,  far  which  see  i'n.TSATiOH. —  Albuinin,  gelatin,  add 

s;ilts.  limp,  blood,  aod  alcohol,  serre  in  maaj  ease*  to  clarify  fluids,  whii 

be  freed  from  their  impnritiea  by  simple  percolation.  Albumin  or  gelati 
cd  in  a  em^  portion  of  water,  is  commonly  used  for  fining  vinona  ILqnon,  i 
ica,tcii  Ihe  rnmlent  matter,  and  gradoslty  subsides  with  it  to  the  bottom.  A 
in  the  form  of  while  of  pgg  or  seram  of  blood  is  particDlarly  Dsed  for  fluids  wil 
it  will  combine  when  cold,  as  syrups;  as  it  is  coagulated  b;  the  heat,  and  thi 
1  a  Beam  with  the  drc^s. — Heat  alone  clarifies  some  fluids,  aa  the  joieea 

in  which,  however,  the  albumin  thej  contain  is  probably  the  agent — A  coup 
dfuls  ot  marl,  thrown  into  the  press,  will  clarify  cider,  or  water-cider. 
f  finely  divided  precipitates,  which  remain  for  a  long  time  nupanded  in  pn 

may  often  be  made  to  settle  down,  by  adding  a  soluble  salt,  such  as  si 
niac.  lo  the  water.  Tbe  same  aildition  greaUy  fadlit«l«s  the  fllteiing  and  was 
precipitsbea,  which  otherwise  atop  up  the  pores  of  the  filter. 
ABSinCJiTZOW.  The  object  of  a  dasaification  of  chemical  mhatancea 
rangement  of  Ihem  in  mch  ■  way  that  the  poeition  in  the  system  of  eadi  so 
•  may  express  ib  own  chemical  nature  and  the  relation  in  which  it  itanda 

suhsliineee.  Hence  it  is  easy  to  see  that  a  system  of  daadfication,  whi< 
J  be  perfect,  relatirely  to  any  giren  stage  in  the  derelopment  of  the  sdent 
I  he  an  epitome  of  the  whole  mass  of  chemical  knowledge  existing  at  the  tin: 
>rto  but  Blit;lit  advances  have  been  made  towards  establishing  a  theoiy  of  tl 
a  or  eSBcntiol  nature  of  chemical  action;  our  so-called  chemiejl  theoriet  U 
le  most  part,  attempts  to  eipr«es  the  mutnal  relations  of  a  greater  or  lesser  niu 
f  chemical  substances;  in  reality,  therefore,  they  are  more  or  less  eompreliB 
Bcbemes  of  clsssitf cation.  A  general  system  of  chemical  classification  ought 
icv  the  fandamental  principles  of  all  such  partial  syBtemg,  so  as  to  show  tl 
inture  and  relative  valae  of  each :  it  ought,  in  fact,  to  be  a  general  eipFan< 
losn  theories  ia  much  tbe  same  sense  that  they  are  general  ezpressiana 
icaJ  facta.  A  discnaaion  of  the  baites  upn  which  a  comprehensive  daasiflcatii 
be  founded  becomes  therefore  a  discussion  of  chemical  theoriw  in  general;  ai 
is  article  we  shall  endeavour  lo  set  forth  clearly  those  general  results  of  chemic 
rch,  by  reference  to  which  tbe  true  vulue  of  all  chemical  theoHet  mmt.  in  tl 
nt  state  of  the  science,  be  testt'ii,  und  which  must  for  the  present,  be  taken  SS  tl 
Ution  for  any  attempt  at  chemical  cln.^ifi cation,  rather  than  lo  construct  a  detaili 
ne  of  dassiflcation  in  which  each  indiviiiuaJ  subslance  ebould  find  its  place. 
[■oUection  of  complex  objects  can  always  be  clHSsiHed  in  aeyeral  different  waj 
iling  as  this  or  that  quality  is  regarded  as  the  moat  importanL  In  the  ease 
icul  suKiIances.  two  causes  arc  always  at  work  to  bring  about  changes  of  ll 

of  TJew  from  which  they  are  regiinied  with  reference  to  their  clasaiflcBtion.  '. 
r«l  place,  the  number  of  ob.jects  to  be  classified  is  continnally  increaaiog  thiouf 
iscorery  of  new  substances ;  and,  in  the  second  place,  the  finding  out  of  m 
ties  in  the  bodies  already  known,  tends  continually  to  modify  thdr  appare 
oun  to  each  other.    Hence  it  is  not  suqiriaing  that,  instead  i^  our  being  able 

in  the  hiBtoiy  of  chemistry,  the  gradual  eitenaion  of  one  ftindamental  adieme 
flcatioD,  we  should  find  that  the  principles  upon  widch  it  has  been  attempted 
fy  chemical  aubstancea  have  been  gradually,  but  from  time  to  time  almc 
I etely  changed  as  the  science  has  advanced.     It  is  not  necessary  to  consider  he 

these  changes  have  been;  we  have  only  referred  to  their  occurrence,  in  aid 
aw  attention  to  the  fact,  that  the  moat  perfect  classification  which  it  ia  possil 
now  to  inve,  can  of  necessity  be  nothing  more  than  a  representstion  of  the  rssd 
emical  labour,  sa  they  appear  viewed  from  the  point  which  the  sdence  haa  n{ 
ed,  and  that  it  muat  herwter  be  absorbed  in  aome  more  general  ayatem,  if  it  ' 
ntirely  set  aaide. 

[chemical  substances  bdongtooneof  two  dasses;  namely,  elements  or  aimp 
ea.  and  componnd  bodiea.     The  chemical  definition   of  an   element  ia  — 

which  cannot  be  decomposed  or  shown  to  contain  matter  of  more  than  o 
:  compound  bodies,  on  the  other  hand,  are  Bnch  aa  are  made  up  of,  or  can  be  d 
uiicd  into,  two  or  more  distinct  kindi  of  matta.    For  iaitMiM,   water  eui  ' 
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^hawn  to  eontain  two  kinds  of  matter,  called  leapectiTeW  oxygeo  ttd  hjdrags; 
engar  can  nmilazlj  be  proved  to  be  made  np  of  oxygen,  hydrogen  and  caxbon ;  wtev 
and  sugar  are  therefore  both  of  them  compound  bodies ;  but  neither  oxj^bd,  hydrogeob 
nor  carbon  can,  by  any  analytical  or  breahing-up  process,  be  made  to  yield  anyt&Dg 
else  than  oxygen,  hydrogen,  or  carbon,  respectiyely ;  these  three  bodies  ate  therefiise 
in  a  chemical  sense,  elements.  It  will  be  seen  that  the  chemical  idea  of  an  elementaxy 
body  does  not  bv  any  means  imply  the  absolute  simplicity  of  the  so-called  elements; 
it  may  be  that  these  bodies  are  compounds  which,  as  yet,  have  resisted  all  attempts  to 
decompose  them,  but  which  are  capable  of  being  decomposed  by  processes  hitherto 
unknown.  Nevertheless,  if  it  should  at  some  future  time  be  shown  that  all  our  preaeot 
elements  are  in  reality  compound  bodies,  the  definition  of  elements  as  bodies  which 
eannot  be  diemically  decomposed  would  still  hold  good,  though  it  would  then  be  a^ 
plieable  to  a  new  set  of  substances. 

In  the  farther  classification  of  elementary  and  compound  bodies,  it  is  impossible  to 
separate  the  consideration  of  one  of  these  classes  from  that  of  the  other;  for  the 
ehemieal  nature  of  an  elementary  body  can  only  be  known  by  the  study  of  the  oom- 
binations  which  it  foims;  and  the  properties  of  eyezy  compound  body  are  deterramed 
by  those  of  the  elements  of  which  it  is  composed. 

There  are  especially  two  points  to  be  considered  in  reference  to  the  reUtion  in  w|iiclt 
the  yarious  elements  stand  to  the  compounds  which  th^  form:  first,  the  atomia 
proportion  in  which  they  combine  together ;  second,  the  chemical  nature  or  fVmctioa 
of  tne  bodies  into  whose  composition  they  enter.  Considering  them  first  in  the  ibnner 
relation,  we  find  that  there  are  a  certain  number  which  are  distinguished  firom  all  the 
rest  by  the  simplicity  of  the  proportion  in  which  they  unite  with  each  other.  To  this 
class  of  elements  belong  hydrogen  (H  b  1),  chlorine  (CI  ■■  35*5),  bromine  (Br  «■  80). 
iodine  (I  «  127),  potassium  (K  «  39),  sodium  (Na  -  23),  lithium  (la  ^  1\ 
rubidium  (Rb  <»  85*4),  caesium  (Cs  »  133),  silyer  (Ag  »  108).*  Th^  combine  to- 
gether usually  in  the  proportion  of  one  atom  to  one  atom  (see  Atomic  WsortsX  and 
but  few  compounds  are  known  which  contain  more  than  two  of  these  elements,  unless 
an  element  of  some  other  class  be  also  present  Trichloride  of  iodine,  ICl*  f,  and  the 
supposed  chloride  of  bromine,  BrCl*,  are  perhaps  the  only  exceptions  to  the  fonner  of 
these  rules,  and  the  substances  which  form  an  exception  to  the  second  are  all  crystal- 
lised salts  formed  by  the  molecular  union  of  normal  binaiy  compoundR,  such  as  NaCl 
and  AgCL  These  bodies  cannot  be  proved  to  exist,  except  in  the  crystallised  stAte,  and 
the  chemical  properties  of  their  two  constituents  are  not  modified  to  the  extent  which 
usually  accompanies  true  chemical  combination ;  hence  it  is  probable  that  they  are 
not  true  chemical  individuals,  but  physicsl  aggregates  of  entire  molecules,  analogous  to 
salts  containing  water  of  crystallisation.  Another  property  of  the  elemente  of  this 
class,  closely  allied  to  the  fiiist  that  was  mentioned,  is  that  the  proportion  by  rolome 
in  which  those  of  them  which  can  be  measured  in  the  gaseous  state  unite,  is  1  :  1. 

For  reasons  that  will  be  further  dwelt  upon  in  the  sequel,  the  elements  of  this  cbiss 
are  termed  monatomic  elements;  the  remainder  are  termed  polyatomic  elements  and 
are  divisible  into : 

1.  Diatomic  EUTnents.—TheBe  are:  oxy^n  (0  «»  16),  sulphur  (S  ■■  32),  selenium 
(Se  ->  80),  tellurium  (Te  -i  128),  magnesium  (Mg  «  24),  zinc  (Zn  -»  65\  cadmium, 
(Cd  «  112),  mercury  (Hg  «  200),  calcium  (Ca  «  40),  strontium  (Sr  «  SB\  barium 
(Ba  —  137),  platinum  (Ft  ts  98*5),  and  perhaps  others.  The  elements  of  this  class 
combine  either  two  or  more  together  and  in  very  various  proportions,  e.  g,  ZnO,  ZnS, 
S0«,  SO*,  CaS»,  Ba»SO.  BaSO«,  BaSO*,  BaSO*.  BaS«0«,  BaSW,  BaS*0«.  they  combine 
with  the  monatomic  elemente  in  the  proportion  of  one  atom  or  volume  to  two,  forming 
compounds  of  which  one  molecule  occupies  twice  the  volume  of  the  diatomic  atom  it  con- 
tains, and  the  same  volume  as  the  two  monatomic  atoms :  e.  g,  H'O,  CIK),  CIHO, 
KHS,  &C.  When  more  than  one  atom  of  a  diatomic  element  inters  into  combination 
with  one  or  more  monatomic  elemente,  the  ratio  of  combination  is  sometimes  much 
more  complex :  «.  g,  HH)«.  a*S«,  Cl^O,  a»SO«  KHSO*,  KHSO«,  AcJ 

•  Flaorine  fi  uiuallj  renrded  m  tlio  belonging  to  thii  cIjur,  being  Msociatcd  wUh  cbloriue,  bromfnew 
and  Iodine;  iU  known anuogiet  to  theie  bodiet  are  not.  however.  «ither  close  or  numerous,  wbUe  tu 
great  tendency  to  unite  at  the  same  time  with  two  different  metals,  or  with  hrdrogen  and  a  mrlal,  scrtu 
to  indicate  that  it  ought  rmtber  to  be  placed  lu  the  next  class  of  elements  (F  s  £|,  hjdroOuortc  add  a 

t  This  is  not  the  onlj  cue  in  which  iodine  forms  a  compound  of  greater  complexity  than  othey  mvw 
bert  of  Ihe  same  class :  for  instance,  iodic  acid  forms  anhjrdro-kalts,  which  are  without  aaaJognea  amou* 
the  compounds  of  the  other  monatomic  elements. 

%  Several  elnnenti  are  here  enumerated  as  diatomic  which  were  till  lately  regarded  as  monaiomie. 
The  question  whether  magnesium,  sine,  cadmium,  and  mercury,  and  calcium,  strontlcnn,  and  hahutn, 
ought  to  be  considered  diatomic  instead  of  monatomic,  resolres  itself  into  the  question  wlietber  the 
accepted  atomic  weights  of  these  elements  ought  to  be  doubled.  We  cannot  discuai  ttiti  question  ftillj 
here,  and  mutt  conflne  ounelTcs  to  the  itstemeot  of  osrtain  facts  whose  bcsriaf  oa  the  oolnt  will  be 
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2.  Tritttomie  EUmenU.—Kitrogen  (N  »-  14),  phodphonu  (P  «  31),  arsenic  (Am 
«  76\  antimony  (8b  - 121),  bismuth  (Bi  -  208) ;  boron  (B  -  11) ;  gold  (An  ^  197) ; 
probably  molybdennm  (Mo  »  48),  Tanadium  (Yd  ^  68*6),  tnngsten  (W  -  92) ;  and 
periiape  othen. 

These  elements  do  not  form  many  eombinationB  amooff  themtelTeB  not  containing 


many  bodiei  of  the  following;  fonn  being  known :  NHH)1,  PH%  PCI*,  &c. ;  bat  none  of 
these  oompoondfl  linear  to  be  capable  of  Tolatilising  without  decomposing^  so  as  to  re- 
generate a  compound  of  the  class  first  mentioned,  as  shown  in  the  following  examples : — 

NHKn  -  NB?   +  HCl 

pa»    -  pa»  +  acL 

With  the  diatomic  elements  and  with  the  diatomic  and  monatomic  elements  together, 
thej  combine  in  Tezy  yarious  proportions,  but  always  so  that  the  sum  of  the  tiiatomie 
atoms,  or  of  the  triatomic  and  monatomic  atoms  together,  when  the  latter  are  present, 
contained  in  a  molecule  of  the  products  formed,  is  an  eren  number. 

8.  'DOrattmie  £Zem^to.— Carbon  (C  »  12),  silicon  (Si  «  28-5),  titanium  (Ti  -  48*5), 
tin  (Sn  B  118),  tantalum  (Ta  «  138);  probably  lead  (Pb  »  207),  and  perhaps  other 
elements. 

These  elements  can  combine  with  the  monatomic  elements  in  the  proportion  of  1  at 
to  2  (tf.^.  SiCl',  SnCl*),  and  with  the  diatomic  elements  in  the  proportion  of  1  at.  to  1 
(«.^.  CO,  SiO,  8nO);  but  the  compounds  so  produced  readily  combine  with  2  mon- 
atomic  atoms,  or  wita  1  diatomic  atom,  to  form  such  bodies  as  the  followine :  SiCl^  SnCl*, 
cod',  CO*,  SiO',  &e.,  which  appear  to  represent  the  normal  compoun£  of  the  tetra- 
tomic  elements.  They  also  form  yezy  many  compounds  with  the  triatomic  elements, 
or  with  these  and  the  monatomic  or  diatomic  elements  together.  The  following  are 
examples  of  the  simplest  combinations  so  produced : 

CN«,  CNH,  CNHO. 

4.  Hexctomic  ^ements.^^The  following  elements  are  perhaps  hexatomic:  iron 
(Ke  —  112),  aluminium  (Al  »  64),  and  other  similar  bodies. 

undtrttood  If  the  reader  hac  studied  the  article  Atomic  Wkiorti.  See  alto  Mbtau,  Atomic  WnoBTS 
and  CSLAaainoATioif  or,  vol.  ill.  pp.  958.96S ;  and  Atomioitt  in  the  Sufplimbnt. 

«.  Magitaimm,  2Aie,  Ctubmimm,  Jfcrcary—Of  these  fbor  element!  It  may  be  Mid,  that  the  eTidencc  In 
favour  ofdoubUnf  the  atomic  weiyhta  of  ilnc  and  raoreary  to  eoncliuive,  while  magnesium  mid  cadmium 
are  so  obviously  memhers  of  the  same  natural  Duntlj.  that  it  is  not  possible  to  double  the  atomic  weights 
of  the  former  twomebds  without  doubling  theirs  also.  The  most  important  reason  for  doubling  tho 
atomic  weishts  of  sine  and  mercurj  are  the  following  t— When  these  metals  act  upon  the  iodides  of  the 
alcoboUraucl^,  6SpCs.  sine  or  SOOpts.  mercury  conoine  directly  with  the  quantities  represented  by  tho 
fonnnls  CH>I,  CSHM,  OH"l.  &H*L  te  each  case  forming  a  single  product,  such  as  Zn"0(HBI, 
Hg"C*H*l,Hg*"C*H^I,  ftc ,  as  though  65  pts  ilnc  and  900  pis.  mercury,  represented IndivUible  qoantitios, 
er  atoms,  of  those  metals,  whereas  if  these  weights  represented  two  atoms,  we  should  exjpecC  that  tho 
action  of  66  pts.  sine  or  of  900  pts  mercury  on  C*H*I  would  give  rise  to  two  distinct  products,  ethylldo 
and  Iodide  or  sine  or  of  mercury.  The  combination  which  actually  takes  place  la  anaioflous  to  the  con- 
blaalico  of  (the  diatomic  element)  oxygen  with  cyanide  of  potassium : 

KCy  -I-  O  ■■  KCyO  ; 

If  sine  and  mercury  were  monatomic,  their  action  on  the  bydriodic  ethers  would  probably  be  aaalogoiia 
to  that  of  (tho  monatomic  element)  chlorine  on  cyaiilde  of  potaulum : 

KCy  -I-  a*  «  KCl  -I-  CyCl. 

Again,  the  reactions  repreiented  by  the  following  equations  (and  the  tlmllar  reactions  which  take  place 
with  merenry-mothyl)  all  tend  to  show  that  a  molecule  of  mercury-ethyl  (or  mercury-aiethyl)  contsinf 
9  at.  ethyl  (or  methyl) : 

|]|kGSB>)(C>Iia)  +  BrBr  i  Hg(CSH»)Br  +  C>H».Br  (Buckton). 

Hg(G*BPKC*H*)  -»•  CIH  -  Hg(CSH»)Cl  •»•  OH>.H  (Buckton). 

Hg(CtH^)(C:iH>)  «!•  HgClCl  -  Hg(CiH>)a  •«-  HgaCOHS)  (Buckton). 

and  It  is  diiBcult  to  understand  what  can  cause  the  two  atoms  of  alcohol-radide  to  remain  combined,  if  It 
be  net  that  the  quantity  of  mercury  with  which  they  are  united  is  one  indivisible  atom. 

To  these  chemical  arguments  mi^  be  added  that  drawn  from  the  determinations  which  have  been  made 
of  the  vapour-densities  of  sine  and  merctuy  compounds.  All  the  determinations  hithorto  made  agree 
with  tho  stqipositiOB  that  the  atomic  weighis  of  these  metals  are  66  and  900  respectively,  and  not  S9*6  and 
100.  as  gMiMvUy  admitted ;  the  specific  heats  of  these  metals  point  also  to  the  same  condosion. 

We  mar  add,  finally,  that  the  readiness  with  which  all  the  four  metals  under  conslderatiOD  form  basic 
salts  is  a  farther  tndieation  of  their  diatomic  character. 

A  Caidum^  Sinmtlwm,  SaHmm.  The  decomposition  of  tne  hydrates  of  these  metals  by  heat  alons^ 
taken  In  connection  with  their  general  close  resemblance  to  the  alkalis,  m^  bo  regardea  as  eridenee 
o(  their  being  hydrates  of  diatomic  radicles  bearing  the  same  relation  to  the  hydrates  of  potassium,  s» 
dlum.  Ac,  that  the  Ubasic  adds  (most  of  which  are  similarly  decomposed  by  heat)  bear  to  the  mooobasie 
acids.  Moreover,  the  non-existence  of  acid  carbonates,  sulphates,  oxalates,  Ac,  of  anv  of  them  seema 
to  show  that  the  quantities  of  metal  (twice  the  quantities  usually  admitted  as  representing  their  atomie 
weights)  contained  In  their  neutral  salts  with  blbasic  acids  are  indivisible.  Wotwithrtandfaig,  however, 
theso  and  soaae  other  indications  of  a  diatomic  character,  the  atomicity  of  oalciion,  sirostliim,  and 
barium  uiut  be  eoosidered  as  still  more  or  less  open  to  question. 

Vol.  t  3  T 
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The  existence  of  this  class  is  not  as  yet  certainly  piored ;  thei«  i^  bowerar,  rttmou 
to  beliere  that  iron,  alnminium,  and  perhaps  some  of  the  metals  most  dosely  aUitsJ 
to  them,  are  hezatomic,  and  that  their  simplest  compoonds  irith  the  monatomic  ele- 
ments contain  6  monatomic  atoms  {e.ff,  seequichloride  of  iron.  Fed*;  chloride  of  aln- 
minitun,  AlCl*). 

Notwithstanding  the  exceptions  which  we  haxe  pointed  ont,  the  difference  in  tiw 
modes  of  combinaition  of  yarioos  elements,  which  hare  been  indicated  as  serving  for 
their  division  into  distinct  classes,  are  in  the  main  so  marked  and  so  constant  as 
almost  to  make  the  conclusion  tmayoidable  that  they  result  from  differences  in  the 
combining  capacity  of  the  elementary  atoms  themselyes ;  that  in  hct  the  aiomie  oo%n- 
bining  capaeitff  or  atomicity  of  the  Tarions  elements  is  a  definite  and  fixed  proper^ 
comparable  to  their  atomic  weight  And,  if  it  be  accordingly  admitted  that  an  atom 
of  ojnrgen,  or  of  any  other  element  of  the  same  class,  can  combine  with  twice  as  grrat 
a  weight  of  any  given  element  as  an  atom  of  hydrogen,  or  of  any  other  element  of  its 
class, — that  an  atom  of  any  element  of  the  nitrogen-clsM  can  combine  with  iktm  times 
as  mneh,  and  an  atom  of  any  element  of  the  carbon-dass  with /our  times  as  much  (that 
is,  if  the  terms  monatomic,  diatomic,  triatomic,  and  tatratomie,  applied  to  the  Tarions 
classes  into  which  the  elementary  bodies  haye  been  divided,  be  admitted  to  oonrespoQii 
to  actnal  diffetences  in  the  combining  powers  of  the  atonu  of  the  elements), — then  it 
is  possible  to  explsin,  at  least  to  a  very  great  extent,  the  general  differences  of  com- 
position which  tne  compounds  of  these  elements  show  when  compared  together. 

Upon  the  classification  of  the  elementary  bodies  which  we  have  here  adopted,  we 
have  now  to  found  a  daasification  of  their  compounds.  [In  this  part  of  tha  sulQaci  it 
will  often  be  oonyenient  to  use  the  following  general  signs  for  denoting  ekmenta  of  the 
various  daases : 

For  monatomic  elements,  a  vertical  or  horisontsl  stroke :  I    ar  •*- 

For  diatomic  elements,  two  such  strokes  connected  at  one  end  bj  a  atzai^  Ime 

For  triatomic  elements,  three  atrokes  connected:  |    |    |  or  «-J 

For  tetratomic  elements,  four  strokes  connected :  |     |     f     [  or 

The  number  of  strokes  in  the  sign  of  each  dass  of  elements  thus  leprtaenti  their 
atomid^.] 

The  simplest  normal  combinations  which  one  monatomic,  <lt*tnini«^  triatomic^  or 
tetratomic  atom  respectivdy  can  form,  are  the  following: 

1.  Monatomic  atom  with  monatomic,  «—  — ;  example :  JBtel 

2.  a.  Diatomic  atom  with  2  monatomic^  f  ~* ;  examples :  (5^,  ^lUL 
h.  Diatomic  atom  with  diatomic,  ^  "^ ;  example :  OHg. 

3.  a.  Triatomic  atom  with  3  monatomic,  I— -* ;  example:  JT!^,  iS^H 

b.  Triatomic  atom  with  1  monatomic  and  1  diatomic,  U»  ^^^ ;  examplei :  1i(A6 

sBdd.  I 1 

c  Triatomic  atom  with  triatomic,  U—  ^;  example:  ftS, 

a,  Tetratomic  atom  with  4  monatomic^  !    ■     ■     !*  «3nmples:  CE\  CHCI*, 

chvk  mi  I 

A.  Tetratomic  atom  with  2  diatomic,  j     |     |    |;  eonmples:  gS^,  ffi6*. 

0.  Tetratomic  atom  with  2  monatomic  and  1  diatomic^  i     i     i    !•  «nBiplea: 
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dL  Tetfatomic  atom  with  1  monatomic  and  1  triatomic, !    !     !    ! ;  ezamplt : 

Mil 

c  Tetntomic  atom  with  tetratomic, !     !     !    ! 

It  win  be  seen  that  this  chyBsification  of  oompoimdB  of  the  simplest  order  ia  equiva- 
lent to  Qvhardt's  daasifieation  according  to  types.  Compounds  of  the  form  1  are 
f  hoee  reifeired  hj  him  to  the  type  HCl  or  HH ;  those  of  the  form  2a,  are  those  re- 
fexred  to  the  tm  HH) ;  those  of  the  form  3a,  are  those  referred  to  the  type  HT? ; 
while  bodies  of  the  form  Aa  may  be  referred  to  the  type  H*C,  subsequently  intro- 
duced (by  Odling,  Kekul^  and  others^  for  the  purpose  of  further  extending  Oerhardt's 
mtem.  The  sub-forms  26,  3b,  9e,  4o,  ic^  id,  4«,  may  be  regarded  as  deriving  from 
the  ynmarj  forms,  if  we  take  account  of  the  multequivaJency  of  the  polyatomic  elements 
(see  Equitaudits),  and  consider,  for  instance,  chlorozide  of  carbon  (Ac)  as  representing 
a  body  of  the  form  4^  in  which  the  diequivalent  atom  0  takes  the  pUoe  of  2  mon- 
atomic atoms,  and  hydrociFanic  acid  (id)  as  a  body  of  the  same  form  in  which  the  tri- 
equivalent  atom  K  tekes  the  pLiee  of  3  monatomic  atoms.  In  this  way  all  bodies  sudi 
as  those  above  mentioned,  may  be  referred  to  the  four  types  HCI,  UK),  H'N,  H*C; 
so  for,  then,  the  empirioal  classification  of  Gerhardt,  and  that  which  we  have  here 
deduced  from  the  tneoretical  basis  of  the  definite  atomicity  of  the  elements,  are 
identical. 

In  order  to  extend  his  dassiflcation  to  compounds  of  a  higher  degree  of  complexity, 
Oerhardt  was  obliged  to  assume  the  existence  of  an  indefimte  number  of  compound 
radides :  we  have  now  to  consider  the  constitution  of  such  compounds,  and  shaJl  thus 
see  that  the  idea  of  the  atomicity  of  the  elements  includes,  not  only  the  idea  of  types, 
but  also  the  idea  of  compound  radides, —  ideas  which  recent  chemistry  has  shown  to 
be  correlative,  neither  of  them  having  any  significance  except  in  rdation  to  the  other. 
Comparing  now  more  complex  compounds  with  each  other  and  with  the  veiy  simple 
compoonds  of  which  we  have  been  speaking,  we  find  that,  whereas  there  is  no  rule  as 
to  the  number  of  diatomic  or  tetratoinic  atoms  which  one  compound  may  contain  more 
or  less  than  are  contained  in  another,  the  difference  between  the  number  of  monatomic 
or  of  triatomic  atoms,  or  of  monatomic  and  triatomic  atoms  together  when  both  are  pre- 
sent, contained  in  two  well  defined  and  well  analysed  bodies,  is  always  an  even  number. 
But  since  the  eompounds  oonstitated  aocording  to  any  of  the  forms  above  enumerated 
always  contain  an  even  number  of  monatomic,  or  of  triatomic,  or  of  monatomic  and 
triatomic  atoms  together,  this  amounts  to  saying  that  the  sum  of  such  atoms  contained 
in  any  Ufell-dejined  and  well-analyud  body  ie  always  an  even  number.  This  proposition 
embodies  one  of  the  earliest  observed  regularities  in  the  atomic  composition  of  com- 
pound bodies  (vid.  Laurent.  Ann.  Ch.  Phys.  [3]  xviii.  266),  often  spoken  of  as  ^  law 
of  the  even  number  of  atoms  ;  it  is  in  strict  accordance  with  the  view  which  regards  the 
combination  of  the  elements  as  consisting  in  the  mutual  saturation  of  their  atomic 
combinii^  eapadties,  and  might  indeed  be  deduced  from  it :  for  since  each  unit  of 
eombining  capacity  requires  another  for  its  saturation,  the  number  of  atoms  in  every 
normal  oomponnd  (or  oosBpound  in  iHiiefa  the  atomicity  of  each  element  is  satorated) 
must  be  such,  that  the  number  zeprosenting  the  sum  of  their  combining  capacittes  is 
even ;  and  this  can  only  be  the  ease  when  it  contains  an  even  number  of  those  atoms 
(monatomic  and  triatomic  atoms)  whose  atomicity  is  represented  by  an  odd  number. 

The  highest  number  of  monatomic  atoms  that  any  compound  can  contain  appears 
to  be  legulated  by  Uie  number  and  nature  of  the  polyatomic  atoms  which  it  contains. 
If  a  compound  contain  n  polyatomic  atoms  whose  atomidties  are  respectivdy 
A,  A',  A",  Ac.,  the  highest  number  of  monatomic  atoms  that  it  can  contain  is  A  -i- 
A'  +  A*  -h  . . . .  —  2(n— 1) ;  but  it  ma^  contain  any  lower  number  differing  from 
this  by  a  multiple  of  2, 

We  may  iUnstrate  this  rule  by  ^mlying  it  to  the  sunplest  normal  compounds  of 

atoms  of  each  degree  of  atomidty.     In  the  ease  of  compounds  of  the  fbrm  1  ( ), 

A 4- A',  &C.,  »  0,  n  also  ^^O,  therefore  the  formula  becomes  — 2(— 1)b2;  in  the 
ease  of  compounds  of  the  fbrm  2a,  (|  A',  A.",  &e.,  disappear,  and  ra»l,  so  that 

the  term  2  (fl— 1)  also disappettn,  anTthe  formula  is  reduced  to  A«2 ,  in  like  manner 

in  the  ease  of  compounds  of  tiie  form  3a,  I  p"  "^  J  i  f^^  fonnula  becomes  As  3 ;  and 

in  the  ease  of  those  of  the  form  4a,  [ !    !     !    !  j,  it  becomes  A  »  4.    All  compounds 

l)elonging  to  any  of  these  four  dasscs,  contain  therefore  the  "*ftT^"**im  number  of 

3t2 
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monatoniic  atomi.  We  hare  preyioiuly  aUaded  to  lome  subttanoes  in  whieh  ihU 
maximum  appean  to  be  exceeded:  namely,  fiist,  oomponnda  oontaining  fomr  or 
nr  monatomie  atoma,  anch  aa  KaAgCl'  (?)  and  K'i^I';  leoondly,  oompoondj 
containing  fiv8  monatomie  atoma  to  one  triatomic  atom,  anch  aa  NH^CI,,«PC1*,  &c 
There  ia,  however,  aa  already  pointed  out,  reason  to  believe  that  all  aach  bodiei 
as  tiiese  are  not  strictlj  Bpealdng  chemical  individnala,  but  that  they  are  oombina- 
tiona  of  entire  molfHmlea,  aa  auch,  held  together  bj  a  force  analogoua  to  that  which 
eauaes  certain  salta  to  combine  with  watex  of  crfstalliaation.  This  view  may  be  eaail j 
admitted  with  reference  to  the  first  set  of  exceptional  anbatancea,  becanse  thev  cazmot  be 
poved  to  exist,  except  in  the  Gtyitalline  state:  being  generally  deeompoBed  oy  solutioD 
in  a  moderate  qnanti^  of  water,  they  are  often  not  very  constant  in  the  pzoportioxui 
of  tiieir  ingredients,  and  the  two  aalts,  of  which  the^  may  be  regarded  aa  made  up, 
retain  their  naual  propertiea  without  eaeential  alteration.  In  the  case  of  some  of  th« 
second  class  of  exceptional  bodiea,  the  difBcnltiee  in  the  way  of  admitting  thia  ex^a- 
nation  are  greater.  These  bodies  are  so  nnmerons,  and  some  of  them  fbna  ao  icaoilj 
and  are  jm&t  certain  ordinaiy  conditiona  so  stable,  that  some  chemiata  hav^  been  W 
to  regard  nitro^n,  phosphorus,  arsenic  and  antimony  aa  pentatomie  inatead  of  tn> 
atomic.  The  chief  reason  for  not  adopting  this  conclusion  ia  that,  in  all  such  compoondi*, 
two  of  the  monatomie  atoma  appear  to  be  more  loosely  combined  than  the  othia  tinee, 
so  that  even  the  most  stable  compounds  of  this  kind,  namely  the  ammonift  wits,  ara 
always  decomposed  to  a  greater  or  less  extent  by  the  evaporation  of  their  solntioiis, 
and  not  one  body  of  this  daas  appears  to  be  vohitile  without  decomposition  (into  a  oooi" 
pound  of  the  fonn  1,  and  a  compound  of  the  tarm  3a).  But  whatever  be  the  tml 
nature  of  these  compounds  and  oi  the  force  which  causes  their  fonnation,  it  is  certain 
that  they  differ  in  important  respects  from  substanoea  whose  oompoeition  acoorda  with 
the  atomicity  of  their  components,  and  that  their  properties  are  to  a  great  extent  ex* 
pUcable  if  we  regard  them  aa  combinations  of  entire  moleculee  producea  ind^endentJ; 
of  the  combining  capacities  of  their  constituent  atoma.  (To  prevent  repetition,  we  ma^ 
state  here  that  Sie  same  view  is  applicable  to  all  other  compounda  of  ammonia  aod 
nmilar  bodies  with  adds.^ 

But  to  return  and  consiaer  how  hr  the  composition  of  other  bodies  agreea  with  the  for- 
mula which  we  have  aaid  gives  the  highest  possible  number  of  monatomie  atoma  that 
they  can  contain.  It  resulta  from  the  formula  that  bodies  containing  two  diatomic 
atoms  can  contain  also  two  monatomie  atoms.    Accordingly  there  eadst  not  only  com- 

pounds  of  the  form  f*"  ^  (referred  to  above  by  the  number  2b),  but  also  compounds 

of  the  form  !     !    L  ^  example,  BOCl',  O'H*.  For  bodies  oontaining  one  triatomic  and 

one  diatomic  atom,  the  formula  gives  S  aa  the  highest  number  of  monatomie  atoms  that 
they  can  contain ;  accordingly,  in  addition  to  compounds  of  the  form  86,  there  exist 


compounds  of  the  form "    !     !    [.^or  example,  NOC!l*,POa'.  Bodies  UketfaoM  of  tha 

I  I  Li 

form  Stf,  containing  two  triatomic  atoms  may,  aocoidiBg  to  the  fozmul%  contain  at  most 
four  monatomie  atoma:  agreeably  with  thia  resttlt^  compounda  tie  known  of  the  form 

I    I     I     I  I    I    I     I     I 

III'  for  example,  NPO*  and  of  the  fonn  |    |    !     ■     !>  ^^  example,  P^'. 

Bodiea  containing  one  tetratomic  and  two  diatomic  atoma  (45)  may  by  the  same  rule 
contain /oKr  monatomie  atoma:  hence  we  may  have  bodiea  of  the  form  ' 


example,  CO'H'  (formic  add),  and  bodiea  of  the  form  |     ! 


n  I 

I  Lf 


I  n 

u  I 


;  nethylic 


glycol,  CO'H\  if  known,  would  be  an  example  of  this  daas.  Similariy,  bodies  oontaining 
ooe  tetratomic  and  one  diatomic  atom  {io)  may  contain  four  monatomie  atoma»  fMrmiog 

compounds  of  the  form  I    |     |     |    j,  for  example,  COH«  (methylie  alcohol),  CSH* 

(methylic  mercaptan) ;  bodies  containing  one  tetratomic  and  one  triatomic  atom  (4«f) 

may  eontain  five  monatomie  atoms,  forming  compounds  of  the  form  !!!!■!• 

I  I  I  LJJ 
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tor  SEample,  CNH*  (methylamine) ;  and  bodies  oontaining  two  tetntomie  atonu 
{ie\  niAy  oontaiii  two»  four,  or  six  monatomie  atoms  glTing  oomponnds  of  the  form 

[    [     [     j    I  example,  (?H«  (acetylene);'     j     [     j  'example,    C«H*   (ethj- 

lene);or|     j     {     I     J     !    J  example,  C^«  (hydride  of  ethyl) 

The  question  now  unses,  how  far  is  this  law  of  the  combination  of  the  different 
elements  in  accordance  with  the  idea  of  their  having  each  a  definite  and  constant 
atomid^  ?  A  little  consideration  will  show  that  it  is  a  necessary  oonseqoence  of  that 
supposition.  The  total  combining  cajkacity  of  any  number  of  atoms  is  evidently  the 
sum  of  their  several  combining  a^yacities,  and  if  these  latter  be  denoted  by  A,  A',  A", 
Ae.,  will  be  expressed  b^  A  +  A'  •»-  A"  +  .  .  .  . ;  but  if  the  atoms  be  oomlnned  t»> 

Sthcr,  their  total  combining  capacity  will  not  be  so  great  as  in  the  few  state,  it  wOl 
kve  been  more  or  less  satuated  bv  the  combination  which  has  taken  place  among 
thorn,  ^e  atomicity  of  as  many  of  them  as  ake  monatomie,  will  have  been  entirely 
satnznted  by  the  combination,  bi2t  the  atomicity  of  such  ss  are  pol^omic  ma^  be  only 
nurtially  saturated ;  and  it  will  be  saturated  to  the  smallest  possible  extent  i^  of  aU 
but  two  of  them,  two  units  of  combining  o^Musty  be  saturated  each  by  one  unit  of  a 
different  atom,  and  if  one  unit  of  each  of  the  remaining  two  atoms  be  saturated.  This 
mode  of  combination  is  shown  by  the  following  diagram,  representing  2  totratomir 
atoms,  1  triatomic  atom,  and  2  diatomic  atoms  combined  in  the  way  described :  — 

rm       m 

U         '  I  '  '      u 

Since  the  firee  atomicity  (if  we  may  use  the  expression)  of  all  but  two  atoms  is  thus 
diminished  by  two  units,  and  the  free  atomicity  of  each  of  the  remaining  two  atoms  is 
diminished  by  one  unit,  the  total  remaimng  free  atomicity  of  the  group  is  equal  to  the 
total  atomicity  of  the  uncombined  atoms  (or  A  -f  A'  +  A*  •!■  . . . .),  diminished  b^ 
(2(n  -  2)  +  2X 

thatis:    A  +  A'  +  A"  + -2(n  -  2)  -  2  -  A  +  A  +  A"  + — 2(n-l), 

which  is  the  predae  expression,  some  of  whose  consequences  we  have  above  discussed. 
It  is  evident  that  no  combination  can  take  place  without  the  saturation  of  at  least 
two  units  of  atomicity,  one  belonging  to  each  of  the  combining  atoms.  Hence,  when 
a  monatomie  atom  combines  with  any  other  atom,  or  group  of  atoms,  the  atomidty  of 
the  product  must  be  one  less  than  that  of  such  atom  or  group  of  atoms :  for  the  mon- 
atomie atom  brings  to  the  compound  that  is  formed  only  one  unit  of  atomidtv,  whereas 
two  units  are  saturated  by  the  combination.  Therefore,  as  we  have  seen,  the  number 
of  monatomie  atoms  with  which  any  atom  or  group  of  atoms  can  combine,  is  always 
limited.  For  similar  reasons  the  total  atomidty  of  any  atom  or  group  is  the  same  as 
that  of  its  compound  with  a  diatomic  atom.  From  this  follow  the  several  consequences : 
first,  there  is  a  priori  no  assignable  limit  to  the  number  of  diatomic  atoms  with  which 
a  given  atom  or  group  may  combine;  secondly,  compounds  which  do  not  contain 
atoms  whose  atomidty  is  represented  by  a  higher  number  than  2,  never  contain  more 
than  two  monatomie  atoms;  e,ff,  water,  HK),  and  sulphj^dric  add,  H*S,  each  contain 
two  monatomie  and  one  diatomic  atom,  while  pentathionic  add,  H^'O*,  contains 
eleven  diatomic,  but  still  only  two  monatomie  atoms ;  thirdly,  compounds  containing 
the  maximum  number  of  monatomie  atoms  do  not  become  able  to  combine  with  a 
mater  number  through  union  with  any  number  of  diatomic  atoms ;  e.  g,  hydride  of 
nexylene,  G'H'^  contains  the  maximum  of  monatomie  atoms,  but  mannite,  OH*H)*, 
differing  from  it  by  containing  O*  additional,  is  not  capable  of  further  combination 
with  monatomie  atoms.  When  a  triatomic  atom  enters  into  combination,  it  brines  to 
the  compound  three  units  of  atomidty,  and  two  units  are  saturated  by  the  combina- 
tion, so  that  the  entire  atomidty  of  the  product  exceeds  that  of  the  original  substance 
by  one.  Hence,  when  a  triatomic  element,  as  nitrogen,  combines  with  a  group  already 
oontaining  the  maximum  of  monatomie  atoms,  the  group  becomes  able  to  take  up  an 
additionsT  monatomie  atom ;  accordingly,  we  have  many  compounds  which  differ  by 
NH,  or  a  multiple  of  it,  a^.,  (?H«  (hydride  of  ethyl),  C»H^  (ethylamine),  C*H»N« 
(ethflene-diamine) ;  C*H«0  (aldehyde),  C*H*NO  (acetamide);  C'H^O*  (acetic  add), 
C^H^NO*  (glyoodne).  When  a  totratomic  atom  is  added  to  a  group,  the  total  atomidty 
of  the  procmet  in  like  manner  exceeds  that  of  the  original  suMtance  by  2.  Hence  the 
pQsnbuity  of  the  many  series  of  compounds  of  which  the  terms  difier  by  CH*  or  by  a 
multiple  tbereoC 
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It  will  be  nadentood  that  the  fofegoing  rtmuaka  toodiiiig  the  eombiiiiiig  eimcitj 
of  TsriooB  atomic  groapings,  and  the  way  in  which  it  ia  aneeted  by  the  ad^tioo  of 
atoms  of  Tarioua  kmds,  have  reference  omy  to  the  kighett  number  of  moaatomie  atoma- 
that  ia  erer  found  in  combination  with  a  giren  nnmber  of  polyatomic  atoma;  and  that 
it  ia  by  no  means  intended  to  imply  that  all  oomponnds  contain,  or  eren  show  loy 
great  tendency  to  combine  with,  the  whole  nnmber  of  monatomic  atoma  which  the 
roles  aboye  given  indicate  as  tiie  maxiinnm  in  each  case.  Sevenl  eamponnds  not 
containing  the  maximum  of  monatomic  atoms  have  already  been  ineidenta^y  lefeimi 
to ;  bat  it  is  necessary  that  the  constitation  of  such  componnds  should  be  somewfa&t 
more  specially  discussed  in  relation  to  the  theory  of  the  definite  combining  capadtj 
of  the  elementary  atoma 

According  to  this  theory,  there  are  fbor  dilFerBnt  ways  in  which  it  is  poaiible  for 
two  tetratomic  atoms,  for  instance,  two  atoms  of  carbon,  to  combine.  Two  soch  atoott 
may  miitaall^  satorate,  either  the  whole,  three  fonrtha,  one  hal^  or  one  fonrth  of  caeh 
other^s  combining  capacity,  as  expressed  by  the  following  diagrams :  — 

rm  rm     rm       rm 

till        I  I  I  I  LLU  I  I  '  I 

Bach  atom  Each  atom  Each  atom  Each  atom 

oompleteljsaturated.       f  saturated.  )  saturated.  ^  tacunted. 

The  first  diaffram  probably  represents  some  yariety  of  free  carbon ;  the  aeoood,  third, 
and  fourth,  the  manner  in  which  the  two  carbon-atoms  are  combined  in  aeetyleoe, 
CH*,  ethylene,  G>H«,  and  hydride  of  ethyl,  0*H',  rMpeodyely.  In  tLe  last  of  then 
bodies,  one  unit  only  of  the  combining  capaelfy  of  each  carbon-atom  is  aatnzated  by 
the  other,  leaving  three  units  of  affinity  oelonging  to  each  free  for  combination  with 
hydrogen ;  and  it  is  plain  that  two  atoms  of  carbon  can  only  combine  with  a  lazg«f 
number  of  hydrogen,  or  otiier  monatomic  atoms,  than  are  contained  in  this  oompoond, 
when  they  are  entirely  nnoombined  with  each  other.  In  ethylene  and  aoelylttLe»  on 
the  other  hand,  the  two  atoms  of  carbon  are  so  combined  that,  if  we  may  so  speak, 
they  can  combine  with  an  additionsl  nnmber  of  monatomic  atoms  by  loosoiiiigi  with- 
out entirely  giving  up,  their  hold  upon  each  other.  And  in  aQ  oompoonda  in  which 
the  proportion  of  monatomic  to  polyatomic  atoms  is  below  the  maximnra  indicated  bj 
the  formula  given  higher  up^  we  most,  unless  we  suppose  the  atomici^  of  the  elemeDti 
to  be  variable  (in  wmch  case  the  word  atomicity  ceases  to  have  any  special  meaning), 
suppose  that  a  greater  or  lesser  number  of  the  polyatomic  atoms  are  combined  in  a  sinu- 
lar  way.  But,  in  the  great  nugority  of  such  cases,  the  composition  alone  of  a  oompooiKl 
does  not  enable  us  to  decide  as  to  how  many  of  its  polyatomic  atoms  are  in  this  kind 
of  more  intimate  union  with  each  other.  For  example,  allylene,  C'H.\  homologous  vith 
acetylene,  might,  so  far  as  its  mere  composition  is  concerned,  be  constitiited  eith«t 

U,„l     I     I     I     I     I     I     I  „«,«.•     I     I      I     I     I      '     I    .«.«»»«*!* h« 

I  I  I  I  I  I  I  i"*""!  I  I  I  I  I  I  ,''*'P~p-*-^'- 

ever,  would  be  somewhat  different  in  the  two  cases.  It  would  not  be  possible  to  com- 
bine a  compound  constituted  in  the  first  manner  with  two  atoms  of  hydrogen,  withoot 
transforming  it  into  pro^lene,  CH',  or  an  isomeric  body ;  but  it  would  doubtless  \» 
possible,  under  appropriate  conditions,  to  cause  a  body  constituted  in  the  second 
manner  to  split  up,  by  thi  addition  of  two  atoms  of  hyarogen,  into  manh-gas;  CH* 

or  j    j     J     j,  andacetylene.  C'H'.  or  |     j    j     j    j 

In  the  preceding  part  of  this  article,  we  have  tried  to  show  that  those  of  the  elemsnU 
Irhich  have  been  sufficiently  studied  may  be  divided  into  distinct  claasea,  according  to 
the  manner  in  which  they  enter  into  combination,  and  further,  that  each  efesaent  po*- 
•esses  a  certain  definite  atomic  combining  capacity,  which  regnlatM  the  Ibrmatioa  «f 
lis  most  icomidex  as  well  as  of  its  sunplest  compounds.  By  the  i^lieation  of  this 
priaci{^  of  the  definite  atomicity  of  the  elements,  it  would  be  easy  to  eonatnet  tahl«f 
showing  ail  the  possible  combinations  of  each  element;  all  oompoimds  whose  ooastitfi* 
tion  was  sufficientlv  understocd,  might  then  be  classified  by  inserting  them  in  thrir 
places  in  these  taues.  But  since  &e  place  of  any  oompoimd  would  ba  detenained. 
not  only  by  its  composition,  but  also  by  the  mode  or  order  of  oombinatioo  of  its  atonft. 
a  point  concerning  whidi  we  have,  in  most  cases,  no  definite  knowledge,  soch  a 
system  of  classification  would  not  be  widelj  applicable  in  the  present  state  of  che- 
mistnr.  Our  acquaintance  with  the  great  minority  of  the  more  complex  oompoonds  con- 
sists m  the  knowledge  of  transformations,  by  which  only  a  small  nnmber  of  their  atmns 
<ire  affected.    It  has,  therefore^  been  found  oonvenient,  for  the  poiposea  of  dassificatioa 
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to  regard  nxih  eompotmds  aa  eonnating  of  two  parts,  namely,  the  atom  or  atoms  which 
take  part  in  their  Imown  transformations,  and  a  residue,  or  nndens,  or  radicle^  which 
is  unaffected  by  these  transformations,  and  appears  as  a  constant  constituent  in  all 
the  pzodncts  to  which  they  give  rise.  By  aid  of  this  convention,  the  dassifieation 
founded  upon  the  atomicity  &(  their  elements,  which,  as  we  hare  seen,  is  applicable  to 
the  more  simple  oomponnoi,  may  be  extended  so  as  to  oomprehend  all  tolerably  well 
known  sabstanoes.  The  radicles,  whose  existence  this  view  supposes,  may  be  of  any 
degree  of  complexity ;  their  nature  and  their  relation  to  the  compounds  in  wmeh  they  are 
contained  wiJI  be  most  easily  undmtood  by  considering  a  feiw  of  the  sim^est  of  uiem. 
Hydrochloric  aoid,  HQ,  water,  HH>,  ammonia,  iPN,  and  marsh-gas,  H^G,  hare  al- 
ready been  shown  to  be  compounds,  each  of  whidi  may  be  taken  as  the  reprdsentatiTe 
of  a  whole  claM  of  bodies,  u  we  imagine  1  atom  of  hydrogfMi  to  be  removed  from  each 
of  tlieee  substances,  it  is  plain  that  the  residues  CI,  HO,  H'N,  BX),  will  each  be  able 
to  combine  with  an  atom  of  hydrogen  to  reproduce  the  origiiaJ  oompounds,  or  with 
some  other  monatomic  atom,  such  as  eUorine  or  potassium,  to  fbrm  such  bodies  as : 

KC?1,  OlCl;    KHO,  CIHO;    KH»N;    KH*C,  ClffC;  &c 

It  is  plain  also,  since  1  at.  of  a  diatomic  element  is  eouiralent  in  combining  capacity 
to  2  monatomic  atoms,  that  1  at  of  oxygen,  sulphur,  &c.,  will  combine  with  2  at.  of 
each  of  these  residues,  or  with  two  different  residues  at  once,  or  n^th  1  at.  of  a  residue 
and  with  1  at  of  a  monatomic  element,  forming  such  compounds  as  the  ftlllbving: 

^(Cl         rtJlPC         ^5H«C  ^jHKJ         rt5HH3    . 

^|a'     "|h«C'     "}h»c»*»     "|h  •      ^|k  » ^ 

Kor  similar  reasons,  it  is  cTident  that  1  at  of  a  triatomie  element  will  combine  with 
3  at  of  such  residues,  or  with  2  at  of  residue  and  1  at  of  a  monatomic  element,  or 
with  1  ait  of  residue  and  2  monatomic  elementary  atoms^  e,  g, : 

}a  (H!KJ  (HH3  (H'O  (H»0 

CI,       N^H«C,       Nm*C«   .       Nm«C,       N^H    ,  &e. 
CI  (h*C  (H»C*f  (H  (H 

In  nice  manner,  1  at  of  a  tetratomie  element  will  combine  with  4  at  of  zcndne,  of 
with  4  at  partly  of  residue  and  partly  elementary,  a.  ^. : 

(HO 

From  all  this  it  follows  that  these  residues  or  radicles  follow  the  same  Isiwa  of  com- 
bination with  the  elementary  bodies  of  different  classes  sa  do  the  monatomic  elements 
themselyes.  Further,  they  combine  also  with  one  another  according  to  the  same  laws 
as  are  followed  by  elementary  monatomic  atoms ;  that  is,  they  combine  together  in  the 
proportion  of  1 1^  to  1  at,  e.^. : 

a  +        HH3        -        caH«c 

Chloride  of  mcthyL 

HO         +         HH)         -         0HH3 

Vschylle  akobol. 
H«N        +  HH3  -         NHH3 

MethylAinine. 

HK3         +  HK3  -  HH? 

Free  methyl. 

But,  juit  as  thevs  an  not  only  monatomie  but  also  polyatomic  elements,  so  theto 
are  polyatomie  as  wdl  as  monatomic  radides.  If  we  suppose  H*  to  be  withdrawn 
fix>m  each  of  the  eomponnds  HK),  H'N,  H^C,  it  is  evident  that  the  residues  0, 
HK,  H^  wfll  hare  tiie  properties  of  diatomic  radides,  the  compound  radides  HK  and 
H'C  being  similar  in  their  combining  e^Mcity  to  the  simple  radide  O,  just  as  the 
compound  radides  HO,  H'N,  and  H*C,  resemble  the  simple  radide  CI  in  their  com- 
bining eapadty.  After  the  detailed  illustration  of  the  properties  of  the  monatomie 
radides  given  above,  it  is  not  necessary  to  dwell  upon  the  characters  of  the  diatomie 
radides,  since  what  has  been  said  of  the  former  applies,  niMtatit  tnUandU^  to  the  latter. 
In  like  manner,  the  abstraction  of  H'  from  BrA  and  HK)  gives  the  triatomie  radidea 
N  and  HC ;  and  the  withdrawal  of  H^  from  any  normal  compound  leaves  a  tetratomie 
radide  analogous  in  propertiea  to  the  simple  radide  C,  which  results  from  the  with- 
drawal of  H«  fifom  HK^. 

•  H»C*  a  H«cs  -  H :  it  if  •  residue  or  ndlcle  comparable  to  II>C. 
t  H'lC*  m  YSyK?  -  U. 
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Althooffh,  in  considering  the  properties  and  combinations  of  tbasa  or  of  other 
pound  raoicles,  we  ma^  confine  our  view  to  their  analogies  with  the  elementary  bodies 
and  regazd  their  atomicity  as  an  ultimate  property,  which,  like  the  atomicity  of  the 
elements,  is  not  to  be  explained,  it  is  easy  to  see  that  the  atomicity  of  the  nydieles  of 
which  we  hare  spoken,  is  the  direct  result  of  their  composition  and  the  atomicity  of  their 
component  atoms.  It  only  requires  to  be  put  into  words  to  be  at  once  evident  that,  if 
one,  two,  three^  or  more  monatomic  atoms  be  removed  from  any  normal  compound  what* 
ever,  the  remainder  will  be  a  substance  possessing  one,  two,  three,  or  more  units  of 
atomicity  free  for  combining  with  other  bodies,  and  therefore,  as  to  its  power  of  com* 
bination,  ezaetlv  analogous  to  an  atom  of  an  element  whose  atomiciW  is  represented 
by  one,  two,  three,  or  a  higher  number.  Hence  the  derivation  ox  any  compound 
radicle  detennines  its  atomicity.  The  mifritimwi  ^omicity  of  a  radicle  may  aJao  be 
always  deduced  from  its  compositioii  by  means  of  the  formula  A  •»•  A'  -t-  A"  +  .... 
—  2(«  —  1%  in  which  A  A',  A",  &&,  indicate  the  atomicities  of  the  elementary  atoms, 
monatomic  as  well  as  polyatomic,  of  which  the  radicle  is  composed,  and  n  the  number 
of  atoms  it  contains.  From  this  formula  it  follows  that  a  compound  radide  can  never 
consist  of  monatomic  atoms  only;  that  radicles  containing  only  diatomic  atoms  are 
always  diatomic ;  and  that  the  atomicity  of  radicles  containing  only  telTatomic,  or  tetta- 
tomic  and  diatomic  atoms,  is  always  represented  by  2,  4,  or  some  other  even  number. 
It  follows  also  from  the  same  formula,  and  from  what  has  been  previously  said  as  to  th6 
composition  of  complex  compounds  in  general,  that,  starting  from  the  simple  radicles 
already  described,  there  may  exist  series  of  radicles  of  the  same  atomicity  in  which 

the  eommon  difference  is  F",  e.a,0;  or,         \  e.g.  HN ;  or :     :  ,  §,g.  CH*. 

•-I  i  i 


For  example : 
Common  (Ufferenee,  f^ 

CI  0 

cao       SO 

ao*     80«    • 

ao» 

ao* 


Cotfifiton  diffiBnncCf  . 

HO  H 

PH«0  (in  hypophos-    NH« 
phites) 


CofMfum       1     1 
dijftnnee^  1    1 

Tl 

CH» 

C«H» 

C"H» 

&C. 

CH« 
C«H« 

cm* 

&C. 

CH 
C"H» 

From  these,  considered  as  primary  radicles,  so-called  derived  at  ctmjtigaU  radicles  may 
arise  by  equivalent  substitution;  fbr  instance,  by  substitution  of  01,  Br,  or  I,  for  H;  of 
OorSforB?;  of  SforO;  of  N  for  H»,  orfor  H0«,  &&;  or  of  NO*orNH»fbrH;  orof 
80*  or  CO  for  H*,  or  generally  of  any  radicle  for  its  equivalent  Again,  still  other 
radicles  exist  differing  from  these  by  containing  some  multiple  of  H*  (or  its  equiva- 
lent) less  than  they  do,  but  possessing  the-  same  atomicity ;  for  example,  we  have 
ethyl,  C«H»,  and  vinyl,  C«H";  trityl,  C"H»,  and  allyl,  C"M»;  propionyl,  CPHK),  and 
aciyl,  CH'O ;  hexyl,  C'H",  and  phenyl,  CH*;  all  of  them  monatomic  radicles. 

Hence  it  follows  that  triatomic  radicles  may  often  be  isomeric  with  monatomie 
radicles ;  for  example,  aoeiyl  (Berselius)  CH*,  triatomic,  with  vinyl, CH",  monatomic ; 
glycer^lt  CH*,  tnatomic,  with  aUyl,  CH*,  monatomic;  in  like  manner,  tetratomic 
and  diatomic  radicles  may  be  isomeric  with  each  other;  for  example,  tartryl,  CH*0', 

tetratomic  (tartaric  add  *  ^        q/  |o*),  withfimaryl,  C*HK)*,  diatomic  (fbmaric 

add  a  '        ^  [  0*).    In  such  cases,  we  must  suppose  that  the  carbon  (or  other 

polyatomic  atoms)  of  the  radicles  which  contain  a  smaller  proportion  of  hydrogen,  or 
which  have  a  lower  atomidty,  aro  moro  intimatdy  combinea  with  each  other  than  tli<7 
are  in  those  which,  having  the  same  atomidty,  contain  a  larger  proportion  of  hydrogen, 
or  with  the  same  composition  have  a  higher  atomidty. 

We  have  hitherto  spoken  only  of  the  oompodtion  and  atomidty  of  compound  radides ; 
it  remains  to  explain  a  little  more  fiilly  the  grounds  upon  which  their  existence  in 
various  compounds  is  assumed,  and  wliat  that  assumption  is  intended  to  imj>ly.  It 
has  been  said  that  compound  ndides  aro  groups  of  elements  which  are  contained  in 
a  greater  or  lesser  number  of  bodies,  and  are  unaltered  in  the  reactions  by  which  one  d 
these  is  transformed  into  another.    For  instance,  the  bodies  of  the  following  series :— 

CH«0 Oil  of  bitter-almonds, 

CH*C10 Chloride  of  benzoyl, 

CH*C Benzoic  add, 

CH^ON Benzamide, 

CHK)N Cyanide  of  bcnsoyl 
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eooUin  the  group  CHK)  (benioyl)  as  s  oommon  constitaent  which  remains  unchanged 
when  thej  an  traa«form«d  one  into  another.  Now  the  reactions  by  which  these  tnuM- 
formationa  are  effected  are  essentiallj  quite  similar  to  those  by  which  the  following 
bodies  mn  changed  one  into  another: — 

XH(?) Hydride  of  potassium. 

KCl Chloride  of  potassium. 

KHO Hydrate  of  potassium. 

KEW Potassamine. 

KCN .  Cyanide  of  potassium. 

'This  aaalooy  is  hidden  if  the  fbrmul«  of  the  bodies  of  the  former  series  are  written 
as  abore ;  but  if  they  are  written  as  containing  the  compound  radicle  bensoyl,  CH*0, 
the  analogy  beoomea  at  once  apparent : 

(C'^0)H      •       .        .    Hydzideof  benzoyl,  or  oil  of  Utter-almonds. 
"  Chloride  of  bencoyL 


(C^H))01 

(C^H))HO 

(C^»0)HW 


.    Hydrate  of  bensoyl,  or  benzoic  acid. 

•    Benaamide. 

.    Cyanide  of  benaoyL 

These  latter  foimuln  express  that  the  bodies  represented  by  them  are  ftmctionally 
analogous  to  compounds  of  the  monatomic  elements,  and  that  they  respeetiyely  possess 
the  general  properties  of  those  elwssiw  of  bodies  of  which  Hd,  HH),  H'N,  &c,  are  the 
typical  representatiyes. 

The  precise  nature  of  the  radicle  which  any  substance  is  represented  ss  containing 
wiU  naturally  yazy  according  as  it  is  desired  to  express  thie  reUtions  of  the  sul^ 
stance  in  question  to  this  or  uat  series  of  other  bodies^  or  iti  capability  of  undergoing 
this  or  that  series  of  transformations.  U,  for  example,  we  wish  to  exnress  the  reUition 
in  which  acetic  add  stands  to  aldehjde^  chloride  of  acetyl,  acetamide,  &c.,  we  shall 
do  so  most  simply  by  representing  it  ss  the  hydrate  of  the  compound  radicle  acetyl, 

C^*0,  thus,  ^"^  0.    But  if  it  be  desired  to  express  also  that,  by  distilktion  with 

excess  of  sikali,  by  electrolysis,  or  by  distillation  with  araenious  add,  acetic  add  is 
resolyed  into  a  compound  of  the  methyl  series  and  a  compound  of  the  carbonic  series, 
and  that  it  can  be  formed  from  sodium-methyl  and  carbonic  anhydride,  or  from 
cyanide  ofjnethyl  by  the  action  of  alkali,  this  must  be  expressed  by  representing  the 
radide  C?B*0  as  composed  of  the  simpler  radicles  CH'  and  CO ;  and  if  we  further 
wish  to  express  the  analog  of  acetic  add  to  formic  add,  we  must  write  acetyl  thus, 
0(GH')0,  or  as  formyl,  CHO,  in  which  hydrogen  is  replaced  by  methyl :  the  whole 

formula  of  acetic  add  then  becomes    ^    ^^  >  0.     Similarly,  in  order  to  express  the 

relations  of  acetic  add  to  still  other  sets  of  compounds,  we  are  obliged  to  represent  it 
as  containing  radides  of  continually  simpler  com^odtion,  until  uoally  we  come  to 
represent  it  as  built  up  from  dementaiy  atoms ;  for  instance,  thus : 

c  no 

rm  n  n 
1 1  1 1  I  I  1 1 

Henee  the  idea  of  a  compound  radicle  is  seen  to  be  entirely  reLatiye,  the  same  body 
from  one  point  of  yiew  appearing^  to  contain  one  compound  radide,  and  from  another 
point  of  yiew  appearing  to  contain  a  different  one.  A  comparison  of  the  definition 
of  an  elementaiy  body,  giyen  near  the  begining  of  this  artide^  with  that  of  a  componud 
radide,  shows  that  compound  radidesbear  the  same  relation  to  certain  more  or  less  limited 
sets  of  chemical  processes  that  the  dements  bear  to  all  the  chemical  processes  known. 
The  application  of  the  prindples  which  we  haye  been  discussing,  to  the  dassification 
of  chemi(»l  compounds  generally,  is  illustrated  by  the  following  table,  which  is  a  modi- 
fication and  extenaion  of  that  giyen  by  Gerhardt  (Trait^  iy.  612, 613),  and  reproduced 
in  GrakanCt  EUmenta  of  CUemsiry  (2nd  edit  iL  628,  629).  By  referring  to  tiie  de- 
tailed comm  ntaries  by  which  Gerhardfs  table  of  classification  is  followed  in  the 
places  referred  to,  the  reader  will  be  able  to  understand  ftilly  the  m^i^ing  of  this  table 
without  requiring  further  explanation  in  this  pkcci 
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CiasMifieatwn 


Compounds  camparabU  to  Bydroeblorle  Acid, 

HCL 


Containing 
atomic  radlelct 
(Cbloridat,  Hj- 
4ridM,*e.) 


Omlalnlntdl. 

atomic  radlelct 

iDklilerMaa, 

DihjdridM.Ac) 


Containing 

trlatomlcr^ 

dIclesCTrt- 

chloride*, 

Trihv- 
dridaa/Ac.) 


(!ontMlnlng 

tetratomle 

radldaa 

Tatracblo- 

lldM, 

Tatraby 
dride«,  Ac.) 


BmIo  obloridM.  bydvidflAf  oyaald««»  Ao. 

HalM  salts. 


(chloride  of 
tasiium 


or  ww 
,  KCl) 


(chlorida  of 
marenrVf 
HgCl*}. 


(chloride  of 
antlmonv, 
SbCP). 


(chloride 
of  tin, 
SnCl<). 


Gomj^otUids  eon^araUe 


Containing 
atomic  ndlclaa 
(Osld*.*e.) 


Containing  di- 
atomic randft 
(Dioxidaa,  ftc.) 


HietaUic  hydrides  (Iqrdride  of  copper,  fc.) 


Metals  froper  and  alloys. 


(potaMlum.RK.) 


(anTor-amal- 
0 


AlooboUo  obl«ride«v  b  j-drtdes,  dUs. 

Halogen  ethers, 

(chlorldfl  of  ethyl.1  (chloride  of  i  (trichlorhy- 

C*H»C1).                ethjkiene,  drine, 

^           I     C»fl*CI«).  C»H»a») 


1.  PrAaoffy,  or  Ag- 
dratei  (hydrate 
of  potaaalam, 
KHO). 


1  Senminrp,  or 
ONAydrUn  (ox- 
ide of  potaf- 
slum,  K*0). 


I.  Primanf  (1»T- 
drataofcalcima, 
CaH«0*>. 


liBM,  Ma«C«03J. 


Aleoliolie  «zidof, 


Mstallie  compounds  of  alcohol-radicles, 

(blimethyl, 
B1(C>H^)*). 


^'SSBSST'"'  ^'SS^JJ^!).). 


(plumb- 
ethyl. 

PiKCW)*). 


rry  (com-  1 1.  Frfmrnry  UijoA, 
moo  afcohol,     |         (iPW)VW}. 


I.  Primary  (com-  ( I. 
moo  alcohol, 
(C«HOUO). 


S.  SaooMdery  (eam- 
moo  ether, 
(C«H»)«0). 


S.  SMpmlavy. 


Mooatomic  oxr< 
■alta  and  eth 
(chlorate  ofpocaa- 
•inm,  (Cl(y>)KO; 
acetate  of  ethyl. 

(C»H>0)(C«H»)0). 


Diatomic  oiyulu 
and  etben  (taU 

J  hate  of  potuttioiB, 
SO>)Ksa«i  till. 
rbata  of  ethyl, 
8O>)(C>H»>S0>) 


Aeld  oliloHdmh  liiytfHdMv 

Aei^kUfrides, 


(chloride  of 
acrtyl. 


I 


(chlorida  of 
•ocdnyU 


?cJ2»0)CT).     1  (C<H«a»)CI^ 

Aldehydes,  acetones,  ^ 

(acetic  aldehvde, 
(GSHSO)as 


(C«H*o)(cre»)). 


(chloride  of 


POJCP). 


1.  Primmm  faeeile  I.  Primmnf(»'\v^wSe 
ael4,(CSUSO)HO).        acid,  OwS)lisO'> 


1.  AnBDMdifrir  (aou 
tie  anhydride^ 
(CSHSO|*0). 


S.  auiaiiiif  (meei. 

natoofethylPDf, 

(C*H*0»)(C»H«)<H 
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oceardiAg  to  Tjfpes, 


to 


,H«0. 


Compovnda  eomparabU  to  ABimoala»  HV. 


Coataiatot  trl- 

atooiic  radicles 

^Trio&td«,  Ac.) 


Containing  t«- 

tratomlc  radlrlea 

(Tetroxldet,  »tc.) 


Containing  mon- 

atomic  r<«dlcl6s 

(Amines  and  Antidea). 


CoDtainiof  di- 
atomic radlelat 
(Diamine!  and 
Diamidat). 


Containiii|kriatomic 

radicles  (Trlamioea 

and  TilMnUaa). 


Cootalninff 

tacratomic 

radicle* 

(TetramitiM 

■ndTe- 

tramldas}. 


1.  Pfimmy  0>y- 
drala  of 
bismutli, 
BiI|SO>). 


1  fWMiWyCW 

Idaofwa- 
mntb,  Bt*OS). 


1. 


••  Stc09td&fff» 


1.  Primmrp  (amide  of 
pocaasium.  KH<N). 


2.  Secamdar§» 


3.  Tertiarjf  (Bitrld«»  of 
poiansium,  R^N). 


1. 


OnDcanide, 
&H«M«). 


9. 


S.  7«rfAw|r  (ni- 
tride of  fine, 
ZnSN«). 


I. 


#•  jcraayy* 


L  Prtmarg. 


l.ftaMMf. 


S.  Tmrtiary 


I. 


(riroarin, 
(C>H»)1P0*}. 

1  SMDMlav|r(ox. 


t.  Primary. 


%.  SecMdarif. 


Aleobolio  nitrides,  pliosplildaSt  ^ko- 


1.  Frimanf  {^^J}-  . 
amine.  (C"m»)H«K). 


S.  Seeondartf  (diethjl- 
amine,  ((^H»)3HN). 


S.  TerMofy  (trietlrrl- 
amine,  (C^H^y^N). 


1. 


(ethyl- 
encdlunlne, 
(C«H«)H«N«). 


S.  Snonderv  (di. 
eUiylenediiunine, 
(C«H«>»H«N»). 

S.  rerMary  (tri- 
etlijleneidlamine, 
(C»H<>*J«). 


1. 


*•  0OEvlMflrya 


1.  TVrtfary. 


1. 


t.  TVrMafy. 


Trlatonle  ozT- 
mltaaDdetMn 
(piMMpfaato  of 
Mamuth. 
(PO)BtO>| 
phoipbata 
of  etavL 

(?0)«?H»yCP). 


Totratomlc  osy- 
•aluand  ecliert 
(ortliosilieateti 
ortliotilicate 
ofethri. 
SI(C«H»)«0*). 


IntarmeOlate  nitrides,  plioeplildeflt  4bo« 

Mooalkalamldea 
(ethyl-acetamlde, 
(C«H*)(CnPO)HNj 
•iWer-aoetamide, 
Ag((?>H»0)HN). 


Didkalamidaa, 

(oxaniUde. 
(C«0«)(C*H»)«in). 


TrUiltalamidaa  I  Tatralkal- 

(dtranUide.  J     . 

(C*I1»0«HC*V>>B*HS) 


■nlybld— I 


1.  frJawyCphoa- 
pboricaeld, 
(PO)H»0»). 


(phospbacie 

anhydride, 

(P0)«0'). 


I.  Prdnaryftar- 

tarie  acid, 
(C<H»0«)H<0<). 


3b  0fWIIHiPy* 


Aeld  nitrides,  pbosptaldes,  &«• 


1.  PrAwwyfao 
CC«H»6)H*N). 


t.  Seeomdmrm  (diaoata- 
mide.(CS&0>>HN). 


3.  T<pr/i«fy(Hib€nioTl 
■ululio-phenylaraiup, 
(C'H»0,«(C«H»SO»)N). 


I*  Pritiufjf 
(oKamioa, 
(C«O^H«K»). 


3. 


3.  Ternary, 
(tritoccinamlda, 
(C«H«0«)»N«X 


I.  Priimary  (piwa- 
pbotrlamuiet 
(PO)H<N*). 


3.  Tertiafg. 


I.  Primarp. 


3.  7rrtfa»y. 
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The  groups  into  which  chemieal  substances  are  here  diyided,  may  be  considered  ss 
representing  the  principal  Tarieties,  but  they  sre  hi  fiom  indnding  all  chemical  com- 
pounds.  By  means  of  polyatomic  radidesi  molecules  may  be  built  up  of  much  greater 
complexity  than  any  ahown  in  this  table.  There  appears  to  be  no  assignable  limit  to 
the  number  of  such  compounds  or  to  the  degree  of  eomnlezity  which  l£ey  may  resdu 
Without  discussing  these  bodies  at  length,  we  shall  be  able»  by  afbw  ezamplee,  to  lQus* 
trate  their  nature  and  their  relation  to  more  aimple  substances.  One  of  tne  most  re- 
markable series  of  bodies  of  the  kind  to  which  we  refSar,  are  the  polye^ylenie  alcohols 
of  Louren^o  and  Wurts.  These  chemists  hare  shown  that  g^yoot  (C*H*)K*0*,  is  aUe 
to  fix  upon  itself  the  elements  of  seTeral  molecules  of  oxide  of  ethylene^  so  as  to  giTe 
the  following  series  of  products : 

(0^«)«HW       (C«H«)«H»0«       (pK*)*EW       (OT^HW       (C»H«)"HH)» 

DtocbTlMilc  Tri«thir1«nle  TeCraihyltolc  P6nl«Ch7l«nlc  BttctbjUBle 


aloonol. 


aleohoL 


aloohoL 


Thus  regarded,  gjlyool  may 


The  principal  transformatidns  of  glycol  (monethylenio  alcohol)  itself  sre  most  conre- 
niently  exprnsed  by  representing  it  as  containing  the  diatomic  radicle  ethrlene,  CFR\ 
With  this  radicle  we  must  suppose  the  2  at  of  oxygen  contained  in  g^yeol  to  be  eom- 
bined  in  such  a  manner  that  half  the  combining  capacity  of  each  is  saturated  by  half  the 
combining  capacity  of  the  radicle^  the  other  hidf  of  the  combining  capacity  of  each  atom 
of  oxygen  being  saturated  by  an  atom  of  hydrogen.    This  view  of  the  oonstitutioo  of 

H     [O 
glycol  is  expressed  by  the  following  formula^  (CH*)*}    • 

.  .      =  !° 

be  compared  to  water  by  representing  it  as  two  molecules  of  water  in  which  H'  is  re- 
placed by  (C^^)".  The  polyethylemc  alcohols  then  become  oompanUe  to  g^jool  if 
newed  as  8,  4,  6,  &c.,  molecules  of  water  in  which  resp^ctiTely  (CH*)*,  {&H*f, 
(C*H*)\  &c,  replaces  an  equiralent  quantity  of  hydrogen.  This  comp«ri»on  is  ex- 
pressed by  Uie  lormultt  by  which  these  compounds  are  represented  above ;  but  their 
relation  to  glycol  becomes  perhaps  still  more  i^psrent  if  the  same  formula  be  written 
a  little  differently,  so  as  to  be  directly  comparable  with  that  last  giveo  Ibr  glyooL 
Below  are  the  formuln  of  some  of  them  so  written,  side  by  side  with  sulphur-com* 
pounds,  which  may  be  regarded  as  of  analogous  constitution. 


Gl  [o 

aio 

Chloroiul* 
phurieadd. 


H     |o 

(CH*)- : 
o 

(COTT  :, 

H      O 

Dfethylenfe 

alccMiol 
(«G«HMOi). 


K   [O 

HvpMulphito 

OTpocaMfam 

(-SiK«0*). 


H     fO 
(0»H«)-| 

[o 
fo 

0 

(cm*y 

H     |0 

PsDtcthjlenic 

Alcohol 
(«  C>»H«0«)- 


K  |o 

(8y\ 
>o 

(sr 

{0 

(sr 

>0 

(S)- 
[0 

(sr 


!» 


PfTitathioiwit 
of  potaniun 

After  these  remarks,  and  what  has  been  preriouslT  nid  about  the  oombinations  of 
polyatomic  elements  and  radicles  in  general,  the  following  table  will  be  inteDigihle 
without  farther  explanation.  It  giyes  a  list  (probably  almost  complete)  of  the  known 
compounds  containing  two  or  more  atoms  of  the  same  carbonatea  radide,  and  a  few 
examples  of  compounds  containing  radides  composed  of  other  elements,  such  as  sol- 
phuiyl  (SO*)  and  phosphoryl  (PO).  Many  other  examples  of  compounds  of  a  simihtf 
nature  miffht  be  foundamong  mineral  substances  both  natural  and  artiiicia],  and  there 
ean  be  litUe  doubt  that  the  complex  silicates  and  other  minerals  belong  to  this  daas 
of  compounds.  In  the  tables  compounds  of  the  same  radicle  are  anmnfled  on  the  same 
horiaontal  line  ;>  those  referable  to  the  same  type  an  arranged  m  ue  same  Tcrtioal 
column. 
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102  i 


§1 


OS 


•3JS. 


6:c 


9-    £ 


« 


"I 


&x 


1*^ 


gg, 

^  5 


&%     hX     &SB 

S|  51  £| 

2&  2b  Sit 
Sd  SS  So 


»-:7 


I 


s  ^ 


&  .2 


1|S 

3i 


9 


0%ia 


l-a 
III 

If 

J8 


•  8. 


& 


o  O   §  o 

9k   8  s-si 


^2 


^ 


u 


'« 


e 
o 


SiSsi 


MM    M 


5 


Mi 

2^ 


h 


3 


5|! 


HI 


lit 
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QauificatioH  aoeording  to  T^fpes  (coiitinued)L 


i 

Conpoands  eontaining  the 

radicle  ^ieme,  (Ctfi^j" 

(coHfniiMe/* 

1 

Compooodi 

referable  to  the  (grpe 

H»N». 

Conponnds 
rafkrable  to  the  type 

(C«H*)« 
(C>H»)>    N« 
H» 

(C»H<)«I 
H«    J 

SSOuBSBQa 

A  little  reflection  upon  nhat  haB  been  said  (p.  1017)  on  the  nature  <^  oompomul 
rndidee,  snd  on  the  sense  in  iHiich  they  are  employed,  wiH  make  it  dear  that  a  dassi- 
fication  of  oompounds  by  means  of  them,  aeooiding  to  types,  sneh  as  that  illnstrated 
in  the  two  tahles  given,  pp.  1018,  1019,  1021,  1022,  expresses  all  we  know  of  their 
general  chemical  propertieB.  For  the  dasaification  of  a  number  of  substaaoes  aa  con- 
taining the  same  radide,  expresses  that  they  are  mutoally  oonverttible  by  oomparativd|y 
simple  processes,  that  is,  that  they  are  genetieaUy  rdated, — ^while  the  daasification  of 
any  set  of  bodies  by  reference  to  the  same  Qrpe,  expressee  that  ihey  are  ci^ble  of 
undergoing  similar  transformations^  and  are  therefore  fwncUonaUy  related.  All  oar 
strictly  chemical  knowledge,  howeytr,  consists  in  a  knowledge  (1)  of  the  nature  and 
proportion  of  the  dements  of  which  substances  are  composed ;  (2)  of  their  genetic 
relations,  or  of  the  bodies  from  which  they  can  be  formed,  or  to  which  they  can  gire 
rise ;  and  (3)  of  their  chemical  functions,  or  the  transformations  which  thej  oanse  or 
undeigo  when  they  react  with  other  bodies.  In  the  foregoing  pages,  we  have  accord- 
ingly endeavoured  to  point  out  the  leading  prxndples  wnich  muiS  be  kept  in  view  in 
classifying  chemical  substances  with  reference  to  considerations  of  each  of  these  thrM 
kinds,  considering  however  at  the  greatest  length  the  claasiflcation  of  bodies  according 
to  their  composition;  partly  because  much  less  attention  haa  been  paid  to  this 
subject,  in  the  existing  literature  of  chemistry,  than  to  their  genetic  and  functional 
relations,  but  chiefly  because  composition  is  the  most  fundamental  of  alX  chemical  pro- 
perties, and  the  manner  in  which  all  other  chemical  properties  depend  upon  it  is  the 
fundamental  problem  of  chemistry.  Throughout,  we  nave  endeavoured  to  distinguish 
between  ideas  and  mere  forms  of  expression,  rendered  convenient  by  the  existiBg  state 
of  the  sdence. 

The  order  and  system  which  has  been  followed  in  this  artide,  has  made  it  impoo- 
sible  to  trace  the  historical  devebpment  of  the  ideas  therein  set  fbith.  The  following 
list  of  Memoirs  of  theoretical  importance  will  be  of  assistance  to  such  readers  as  wish 
to  trace  that  devdopment  from  ui<d  birth  of  Organic  Chemistzy  to  the  present  time ; 
many  other  memoiiv  of  equal  importance  witii  some  of  those  enumerated,  mig^t  have 
been  quoted ;  but  is  a  large  number  of  these^  referenees  are  given  which  will  serve  as 
a  guide  to  those  who  wish  to  pursue  the  subject  farther. 

Lavoisier  {Compound  radkiet),  Traiti  dAmentaire  de  Chimie  (edxL  1789),  i  197, 
209. 

Dumas  and  BouUay  (Compound  ethers),  Ann.  Ch.  Phys.  xxxvii.  15  (1S2S), 

Wohler  and  Liebig  {Beiufoyl  oompounde),  Ann.  Ch.Pharm.  iii.  249  (1832) ;  Ann. 
Ch.  Phys.  li.  273. 

Ber^elius  (Badide  of  ike  bentoio  compounds),  Ann.  Ch.  Phaim.  iii.  282 ;  Ann.  Ch. 
Phys.  li  308. 

Berselius  (SadieUe  of  alcohol  and  its  deritfotivet),  Jahresber.  (1883),  xiii  1S9; 
Pogg.  Ann.  xxviii.  817 ;  Ann.  Ch.  Phys.  liv.  6 ;  extnet,  Ann.  C9i.  Pliazm.  vi  178. 

Liebig  (StJ^l),  Handworterb.  d.  Chemie  (1*«  Auflage),  article  JEther;  Ann.  Ch. 
Pharm.  ix  1 ;  Pogg.  Ann.  xxxi  321 ;  Ann.  Ch.  Phys.  Iv.  113  (1834). 

Liebig  {Acetyl,  coneOtuHon  o/aeeiie  aM,  &c),  Ann.  Ch.  Pharm.  ziv.  138  (1S35); 
Pogg.  Ann.  xzzvL  276. 

Dumas  (Mtetitutum),  Ann.  Ch.Phys.  Ivi.  143  (1835);  Traiti  da  Chimie  appliqu^ 
aux  Arts,  v.  99;  J.  pr.  Chem.  vii  293. 
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Ltnrent  {NueUia  theory),  Ann.  Ch.  Pliyt.  Izi  126  (1836). 

Gerhardt  (Ctn^'ugaied  compounds),  UrinL  Ixxii  184  (1838). 

Pumas  {SubUituUon),  Compt.  rend.  x.  149 ;  Ann.  Gh.  Fluunn.  zzziii.  269  (1839). 

Gerhardt  (Aicmie  weights  of  oxygen,  carbon,  fte.),  Ann.  Ch.  Phys.  [3]  ^ii  129; 
Tui  238 ;  Fr^eiB  de  Chimie  organiqne  (1844),  i  47. 

Gerhardt  (Homology),  FMm,  ii  489. 

Laurent  (Law  of  even  numbers  of  atoms  ;  nature  of  the  elements  in  ih/tfrie  staU; 
monads  and  dyads),  Ann.  Ch.  Phva.  [3]  xyiuL  266  (1846);  Chemical  Method,  46—96, 
et  passim^ 

Wnrta  (Compound  ammonias),  Compt  rend,  zzviii.  233,  323  (1849) ;  xxiz.  169 ; 
Ann.  Ch.  Piitb.  [8]  xxx.  443 ;  Chem.  Soc  Qn.  J.  iiL  90. 

Hofmann  (Compound  ammonias),  PhiL  Trans.  1860,  i  93;  Chem.  Soo.  Qa.  J.  iii 
279. 

Williamson  (Mixed  ethers,  etherificaMon\  Chem.  Soc  Qo.  J.  it.  106,  229  (1861). 

Williamson  (ConstUuiion  of  salts),  Chem.  Soc.  Qn.  J.  is.  860  (1861). 

Gerhardt  and  Chancel  (ConsHtution  of  organic  compounds),  Compt  chim.  (1861)) 
▼ii  66. 

Gerhardt  (Basidiy  qf  acids),  Compt  chim.  (1861^  vii.  129. 

Gerhardt  (Anhydrous  orgame  acids;  dastifieation  by  types),  Compt  rend,  zxzir. 
766,  902  (1862);  Qiem.  Soa  Qn.  J.  ▼.  127,  226;  more  ftiUj  Ann.  Ch.  Phys.  [3] 
zxxrii.  286 ;  Domas's  Report,  Compt  rend,  zxsri.  606. 

Berth elot  (Synthesis  of  fats;  nature  of  glycerine),  Ann.  Ch.  Phys.  zU.  216 
(1863—64). 

Odling  (Constitution  of  salts;  polyatomic  radicles),  Chem.  Soa  Qn.  X  TiL  1  (1864). 

Wurtz  (Theory  of  glycerine-compounds;  polyatomie  radicles),  Ann.  Ch.  Phys.  [3] 
xliii  493  (1866). 

Wurtz  (Mixed  radicles),  ibid.  xliv.  276. 

Gerhardt  and  Chiozza  (Amides),  ibid.  zIyL  129  (1866—66). 

K  L.  Buff  (Polyatomie  radUtles),  Pioc.  Boy.  Soa  viii  188  (1866). 

Wurtz  (Diatomic  alcohols),  Compt.  rend,  xliii  199;  Ann.  Ch.  Pharm.  c.  110;  more 
ftilly,  Ann.  Ch,  Phys.  [3]  It.  400  (1866—69). 

KekuU  (Mixed  types,  radicles,  &c.),  Ann.  Ch.  Pharm.  cit.  129  (1867). 

KekuU  (Ditto;  UtraUmie  character  of  carbon),  ibid.  cri.  129  (1868). 

Couper  (Atomicity  of  carbon  and  oxygen),  Ann.  Ch.  Phys.  [3]  liiL  604  (1868); 
Ann.  Cn.  Pharm.  ex.  46  (here  followed  hy  critique  by  Buttlerow,  1869). 

Kol  b  e  (Constitution  of  lactic  acid),  Ann.  Ch.  Pharm.  cix.  267  (1869) ;  same  sulgeet, 
ibid,  cxiii  223  (I860). 

Foster  (Nature  of  radicles  and  types),  Brit  Assoc.  Reports,  1869,  1. 

Wurtz  (Basicity  of  acids),  Ann.  Ch.  Phys.  [3]  11.  342  (1869). 

Cahours  (Combining  capacity  of  the  elements;  limits  of  combination),  Ann.  Ch. 
Phys.  [3]  iTiii  6  (1860). 

Frankland  (Same  subfeet),  Chem.  Soc  Qn.  J.  xiii  177  (1860). 

Wurtz  (Constitution  of  lactic  acid),  Ann.  Ch.  Phys.  [3]  lix.  161  (I860). 

Cahours  (Same  su^'eci),  Ann.  Ch.  Phys.  [8]  Ixii.  267  (1861). 

Buttlerov  (Atomicity  of  the  elements),. ZdUehj,  Chem.  Pharm.  iT.  649  (1861). 

Erlenmeyer  (Same  subject),  ibid.  t.  18  (1862). 

Kolbe  (Classification  of  organic  bodies),  Ann.  Ch.  Pharm.  exiii  293  (1860); 
Critical  remarks  by  Wurtz,  R^pi  Chim.  pure,  ii  364. 

Laurent,  Methods  de  Chimie,  1864;  CaTendish  Society's  translation,  1866. 

Gerhardt,  Traiti  de  Chimie  organiqne,  4  toIs.  1863 -•66;  especially  i  pp.  121— 
142,  iT.  pp.  661  -808, 

Kekul^  Lehrbuch  der  organischen  Chemie,  toL  i  (1869 — 61). 

Odling,  Manual  of  Chemistry,  part  i  (1861).  G.  C.  F. 

CZJLIT8TBAZJCTS.    Native  selenide  of  lead.    (See  Lbao.) 

C&AT*  This  term  is  applied  to  hydrous  silicates  of  aluminium,  produced  for  the 
most  part  by  the  decomposition  of  feupsix  rocks,  and  generally  mixed  with  small  quan- 
tities of  other  substances,  chiefly  lime,  magnesia,  snd  oxide  of  iron.  The  cUts  eidubit 
the  following  gener^  characters :  —They  are  opaque,  non-oi3r4taUised  bodies,  suffi- 
ciently soft  to  be  scratched  by  iron ;  theT  hsTe  a  aull  or  OTen  earthy  fracture;  they 
exhale,  when  breathed  on,  a  peculiar  smell  called  sigiUaoeous.  The  days  form  with 
water  a  plastic  past«,  possessing  considerable  tenacity,  which  hardens  with  heat,  so  as 
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to  strike  fire  with  steel.  Marls  and  chalks  also  aoftm  in  vatcr.  bvt  their  paste  n  loC 
tenacious,  nor  does  it  ao^uire  a  nlieeons  hazdneas  in  the  fizc^  The  amnity  of  the 
clays  for  moisture  is  manifested  by  their  sticking  ta  the  tongue,  and  bj  the  iatOMe 
heat  necessary  to  make  them  perfectly  dry.  Thwe  which  eootain  mm  tarn  led  when 
burnt.  Clay  is  often  mixed  with  quarts,  and  contains  fine  partififni  of  felspax;  tBt%»  aad 
beryl,  showing  that  it  has  been  {voduoed  by  the  deeompoaition  of  fidbpar  or  granite. 

The  principal  varieties  of  day  are  the  following: 

1.  Porcelain  earth,  the  kaolin  of  the  Chinese. — ^This  mineral  is  friable,  neaev  to  the 
louch,  and,  when  pure,  forms  with  difficulty  a  paste  with  water.  It  is  infoiahle  b  a 
|K>rcelain  furnace.  It  is  of  a  pure  white,  reiging  sometimea  upon  the  jeQow  or  flesh- 
red.  Some  Tarieties  exhibit  particles  of  mica,  which  befrsy  their  origiB  to  be  from 
telspar  or  graphite  granite.  Forcelain  day  scarcely  adheres  to  the  tongae  S^ecifte 
gravity  2*2.  The  average  composition  of  kaolin,  idien  separated  from  free  sifiea  ind 
undecompoeed  felspar,  is  47  per  cent  silica,  40  ahunina,  and  13  water,  agreeiog 
with  the  formula  Al*0'.2SiO*  -i-  2  aq.  It  may  be  supposed  to  be  formed  from  orthodaie, 
K^CAl^CeSiO',  by  abstraction  of  the  whole  of  the  potash  and  t  of  the  siEoa,  and 
addition  of  2  at.  water.  Some  varieties,  however,  exhibited  a  difeient  eompoaitioD ; 
thus  the  kaolin  of  Passau  contains,  according  to  Fucha,  43*65  per  eenL  SiO*,  36*93  Al*0*. 
1*00  Fe*0*,  and  18*60  water,  besides  0*88  carbonate  of  calchrai,  a  eompositioo  which 
may  be  approximately  represented  by  the  formula  4AlH)'.9SiO'-«- 12aq.  PorcdazB 
day  ftom  GntenbOTg,  near  Halle,  contains,  according  to  Bley,  39*02  SiO*,  46*00  AlH)*, 
and  10*00  water,  together  with  0*07  carbonate  of  caldum,  8*32  caibonate  of  msgneiimB, 
and  0*19  sesquioxide  of  iron,  agreeing  approximately  with  2AlH>'.3SiO'-t>  Saq.  (i2sa- 
fneUber^a  Mineralchemie,  p.  674).  Li  two  ^»ecimens  of  Chinese  kaolin,  Ebelmea 
and  Salv^tat  (Ann.  Ch.  Phys.  xxxi  267)  found  73*4  and  80*7  SiO*,  44*6  AlH)*,  14 4 
and  12*0  water ;  in  these  the  quantity  of  silica  is  twice  as  great,  inproportion  to  the 
alumina,  as  in  the  ordinary  formula  of  kaolin  (Dana,  iL  260).  Kaolin  is  Ibnad  ia 
primitive  mountains,  amid  blocks  of  granite,  forming  interposed  strata.  Tr^nKiM  art 
sometimes  preceded  by  beds  of  a  micaceous  rock  of  the  texture  of  gneiss,  but  red  and 
very  friable.  This  remarkable  disposition  has  been  observed  in  the  kaolin  onairies  of 
China,  in  those  of  Alen^on^and  of  St.  Yrieux,  near  Limoges.  The  Chinese  ana  Japaneti 
kaolins  are  whiter  and  more  unctuous  to  the  toodi  than  those  of  Eorope.  The  Sazoo 
has  a  slight  tint  of  yellow  or  carnation,  which  disappears  in  the  fiie,  and  thcRiMS  if 
not  owing  to  metallic  impregnation.  At  St  Trienx,  the  kaolin  ia  in  a  stratum,  sad 
also  in  a  vein,  amid  blocks  of  granite,  or  rather  the  felspar  rock  whidi  the  Cfaineie 
call  petuntze.  The  Cornish  kaolin  is  very  winie  and  unctuous  to  the  touch,  and  is 
obviously  formed  by  the  disintegration  of  the  felspar  of  granite. 

2.  Potter^  clay,  or  plastic  day. — The  clays  of  tois  variety  are  compact,  smooth,  and 
almost  unctuous  to  the  touch,  and  may  be  polished  by  the  finger  wnen  they  are  diy. 
They  have  a  great  affinity  for  water,  form  a  tenadons  paste,  and  adhere  strongly  ta 
the  tongue.  The  paste  of  some  is  even  slightly  tzansparent  They  aoi||nire  great  so- 
lidity, but  are  infusible  in  the  porcelain  furnace.  T\nB  property  distinguimes  thesi 
from  the  common  clays  employed  for  coarse  earthenware.  Some  of  them  remain  white,  or 
become  so  in  a  high  heat ;  others  turn  red.  Specific  gravity  about  2.  The  slaty  potten^ 
clay  of  Werner  has  a  daik  ash-grey  colour ;  princq)al  fracture  imperfectly  coochoTdaL 
cross  fi^icture  earthy;  fragments  tabular,  rather  light;  it  feels  more  greasy  thaa 
common  potters*  clay.  Vauquelin's  analysis  of  the  plastic  day  of  Forges>les-Esax, 
employed  for  making  glass-house  pots,  as  well  as  pottexy,  gave  16  alamina,  63  silica. 
1  hme,  8  iron,  and  10  water.  Another  potters*  day  gave  33*2  and  43*6,  of  alumina  aad 
silica,  with  3*6  lime. 

Fire-day  is  a  very  refractory  plastic  day,  much  used  in  the  manufectnre  of  firs-bri^ 
glass-house  pots,  &c.  In  this  countiy  it  lies  immediately  beneath  the  ooal,  each  hcd 
of  which  rests  upon  a  stratum  of  this  clay,  hence  called  in  the  mining  districts  muUr' 
c^ay.    The  Stourbridge  day  is  of  this  character.     (See  FxB»-CLaT.) 

3.  Loam. — This  is  an  impure  potters*  day  mixed  with  mica  and  iron  ochre.  Colosr 
yellowish-grey,  often  spotted  yellow  and  brown.  Massive,  with  a  dull  ^immeriof 
lustre  from  scales  of  mica.  Adheres  pretty  strongly  to  the  tongue,  and  feeb  slight^ 
greasy.     Its  density  is  inferior  to  the  preceding. 

4.  TanV^a^^f  (^  is  striped  or  spotted  with  white,  red,  or  yellow.  Massive,  with  sa 
earthy  fractare,  verging  on  slat^.  Shining  streak.  Very  soft,  sometimes  ereo  friahk. 
Feels  slightly  greasy,  and  adheres  a  little  to  the  tongue.  Sectile,  It  is  fbond  in 
Upper  Lusatia. 

6.  Slats  ctey. — Colour  grey,  or  greyish-yellow.  Massive.  Lustre  dnU  or  glim- 
mering from  interspersed  mica.  Fracture  slaty,  approaching  sometimea  to  earthy. 
Frjigmenta  tabular.  Opaoue,  soft,  sectile,  and  easily  broken.  Spedfic  gravity  24. 
Adlieres  to  the  tongue,  and  breaks  down  in  water.  It  is  found  along  with  ooal,  and  is 
the  fioetz  trap  formation. 
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6.  ClayBione.  —  Colour  grey»  of  varioua  shudeft,  sometimes  rod,  and  spotted  or 
•triped.  MHSsire.  Lustre  dull,  with  a  fine  earthpr  fracture^  passing  into  fine-grained 
nneTen,  slaty,  or  splinteij.  Opaque,  soft,  and  easily  broken.  Does  not  adhere  to  the 
tongue,  and  is  meagre  to  the  touch.  It  has  been  found  on  the  top  of  the  Pentland 
hills  in  Scotland,  and  in  Germany. 

7.  Adhesive  slate, — Colour  light  greenish-grej.  Internal  lustre  dull;  fracture  in 
the  large,  slaty;  in  the  small,  fine  earthy.  Fragments  slaty.  Opaque.  Streak 
shining.  Sectile.  Easily  broken  or  exfoliated.  Adherer  strongly  to  the  ton^e,  and 
absorbs  water  rapidly,  with  emission  of  air  bubbles  and  a  crackling  sound.  It  is 
found  at  Montmartre,  near  Paris,  between  blocks  of  impure  gypsum,  in  larse  straight 
plates  like  sheets  of  pasteboard ;  also  at  Menilmontant,  enclosing  menilite.  Klaproui's 
analysis  gives  62'5  silica,  8  magnesia,  0*5  alumina,  0'25  lime,  4  oxide  of  iron,  22 
water,  and  0*75  charcoal.    Its  specific  gravity  is  2*08. 

8.  Poliehing  slate  of  Werner. — Colour  cream-yellow,  in  alternate  stripes.    Massive. 
Lustre  dull.    Slaty  fracture.    Fragments  tabular.    Very  soft,  and  adheres  to  thf 
tongue.    Smooth,  but  meagre  to  Sie  touch.    Specific  gravity  in  its  dry  state  0*6 
when  imbued  with  moisture  1*9.     It  has  been  found  only  in  Bohemia.    Its  consti- 
tuents are,  79  silica,  1  alumina,  1  lime,  4  oxide  of  iron,  and  14  water. 

9.  Common  day  may  be  considered  to  be  the  same  as  loam, — Besides  the  above,  we 
have  the  analyses  of  some  pure  clays,  the  results  of  which  show  a  very  minute  quan- 
tity of  silica,  and  a  laige  quanti^  of  sulphuric  acid.  Thus,  in  one  analysed  by  Bu- 
eholx,  there  was  1  silica,  81  alumina,  0*6  lime,  0'5  oxide  of  iron,  21*5  sulphuric  acid, 
45  water,  and  1*5  loss.  Simon  found  19''85  sulphuric  add  in  100  pts.  These  dayi 
most  be  regarded  as  basic  sulphates  of  aluminium.  U. 

For  analysis  of  various  days,  see  Ur^s  Dictionary  of  Arte^  Manufactured  and  Mines, 
L691. 


Argillaceous  schist ;  the  Argillite  of  Kirwan. — Colour  bluish- 
taej  and  greyish-black  of  various  shades.  Massive.  Internal  lustre  shining  or  pearly. 
Fracture  foliated.  Fragments  tabular.  Streak  preenish-white.  Opaque.  Soft.  Sec- 
tile.  Easily  broken.  Sonorous  when  struck  with  a  hard  body.  Specific  gravity  2*7. 
Its  constituents  are  48*6  silica,  23'5  alumina,  1*6  magnesia,  11*3  sesquioxide  of  iron,  0*5 
oxide  of  manganese,  4*7  potash,  0*3  carbon,  0*1  sulphur,  7*6  water  and  volatile  matter, 
day-slate  mdts  easily  before  the  blowpipe  into  a  shining  scoria.  This  mineral  is  ex- 
tensivdy  distributed,  forming  part  of  both  primitive  and  transition  mountains.  The 
great  beds  of  it  are  often  cut  across  by  thin  seams  of  quartz  or  carbonate  of  lime, 
which  divide  them  into  rhombo'idal  masses.  Good  slates  should  not  imbibe  water.  If 
they  do,  they  soon  decompose  by  the  weather.  U. 

CULT  SBOV-STOVB.    See  Ibon. 


A  mineral  from  Peru,  occurring  crystallised  and  as  a  crust  |  of  an 
indi  thick  on  quarts.  It  appears  to  be  composed  of  the  sulphaisenitcs  of  copper  and 
sulphantimonites  of  copper  and  lead.  The  crystals  belong  to  the  regular  system,  being 
combinations  of  the  tetrahedron  with  the  rhombic  dodecahedron.  Colour  blackish- 
grey.  Streak  the  same.  Lustre  metallic.  Hardness  »  2*5.  Sectile.  Mdts  easily 
before  the  blowpipe,  and  gives  tiie  reactions  of  lead,  arsenic,  and  antimony.  With 
soda  it  yields  a  metallic^obule,  which  becomes  dull  on  cooling.  Possibly  a  pseudo- 
morph  of  fahl-ore.    (W.  J7  Taylor,  SilL  Am.  J.  [2]  xxix.  367.) 

C&BAVAaa  OF  CST8TAJUL     See  Cbtstaixoghapht. 


I.    Soda-fdspar.    (See  Felspab.) 
Syn.  with  blende  or  native  sulphide  of  zinc.    (See  Znro). 

JMVBOS.  The  young  branches  of  Clematis  flamnuda,  CI.  «f- 
talba^  CI,  triiioeUat  CI.  erecta,  &c,  yidd  by  distillation  with  water,  a  liquid  which  has  a 
sharp  taste,  a  punsent  odour  of  radish,  and  reddens  the  skin ;  when  exposed  to  the 
air,  it  loses  its  addity,  and  if  left,  to  stand  in  dosed  vessels,  deposits  white  scales  and 
flocks  of  clematis-camphor.    (Braeonnot,  Ann.  Ch.  Phys.  vL  734.) 

*^^-— f^ *■"'-■  —-  A  bitter  substance,  perhaps  C*H'*0*,  obtained  by  Walz  from 
the  root  of  Aristolochia  dematitis  (L  357). 

OZiZWOBKAJi M IT Ai    Syn.  with  Muioaritb  {q.  v,) 

C&nnCBTOra  or  VBOVO&ITB  is  a  compact  felspathic  rock,  of  greyish  colour 
and  smooth  fructure,  dinking  when  struck  with  a  hammer,  somewhat  like  a  metai 
Specific  gravity  «  2*2  -  2*4. 

C&IMOCB&OXMi  A  mineral  having  the  same  composition  as  chlorite  (i.  913), 
but  differing  from  it  in  crystalline  form,  inasmuch  as  it  belones  to  the  trimetric  system, 
whereas  chlorite  is  rhombohedral.     The  crystals  of  clinochlore  are  hemihedral,  and 

Voi.  1.  3  U 
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have  A  micaoeoiu  itnietim,  the  enrstalliflins  planes  often  fonnxng  eqnilatenl  triuigl«g. 
It  IB  optically  biaxial,  the  angle  between  Uie  axes  being  84^  80'  (or  80^  to  86<^) ;  tha 
plane  of  the  axes  ia  perpendicnlar  to  the  dearage-mu^oe,  bnt  the  two  axes  are  vd- 
eqnally  inclined  to  thia  ■uifkce,  one  at  64^  the  other  at  30^.  It  occnn  in  large  cfyatali^ 
uraally  having  a  rhombohedral  aspect,  and  in  plates ;  often  compounded,  the  dystala 
giTixig  a  second  pair  of  optical  axes,  making  an  angle  of  60^  with  the  other.  Speofie 
grayity  about  2*714.  Hardness  2 — 2'6.  Lostze  somewhat  pearly.  Goloiir  oliTe- 
green.    Transparent^  unless  in  thick  platea.    Somewhat  elastic. 

Analy8e$. — a,  b,  ftom  Chester  connihr,  Pennsylyania,  1^  W.  J.  Craw  (SilL  Am.  J.f2^ 
xiiL  222) ;  e,  from  Lisgan,  Bararia,  Kobell  (G^eL  Anzeige,  1854,  No.  43) : 

SiO«        AlW      Fe«0»      CrW      MfifO        HK) 

0.  31-34         17*47        3*85        1*69        33*44        12*60  -  100*39 
\ , 0 

b.  31*78  22-71  33*64        12-60  -  10072 

e.  33*49        16*87        2*30        0*55        32*94        11*60  F^H)  4-^  »  100*40 

Before  the  blowpipe  it  behaves  like  chlorite^  showing  traces  of  ftiaion  on  the  edges. 
(Dana,  ii.  294.) 


Syn.  with  Abiohttb  (l  1). 

OXOTTOVXTB.  Seyberiite,  Holmente,  Ckiytopkane. — ^A  silicate  found  at  Ajnitr, 
KewTozk,  in  limestone  connected  with  semntue,  together  with  angite.  hornblende, 
spinel,  and  f;r^hite.  It  forms  snmll  tabular  ciystala  or  foliated  masses,  sometimes 
lamellar,  radiate.  Structure  thin,  foliated,  or  micaceous,  parallel  to  the  base.  Aooording 
to  Breithaupt,  the  crystals  are  monoclinic,  with  the  an^ea  between  the  lateral  planra 
«-  94^.  Spedflc  grayity  —  3 — 3*1.  Hardness  *  4 — 6.  Lustre  pearly,  jrabmetallic. 
Colour  reddish-brown,  jeUowish  or  copper-red.  Streak  uncoloured,  or  alig^tly  yel- 
lowish or  gre^h.    Folia  brittle. 

Qos^y  aUied  to  dintonite  are  XanthnphyUiU,  from  Slatoust  in  the  Ursl,  where  it 
occurs  in  implanted  globules,  and  in  columnar  or  lamellar  inditiduals,  sometimes  eo- 
dosing  small  hexagonal  crystals  secondary  to  a  rhombic  prism,  and  JHaterriie  or  Bran* 
dinte,  occurring  in  the  Fassa  yalley,  Tyrol,  in  hexagonal  prisms  of  specific  grarity 
3*042—6*051,  and  hardness  —  6  on  Uie  base,  6 — 6*6  on  the  sides. 

Analyses, — a,  SeyberUte,  by  Clemson  (Sill.  Am.  J.  xxiv.  171).— 6,  SohnssUe^  by 
Bichardson  (Bee  Gen.  So.  May,  1836).— c,  Clintonite,  by  Brush  (SilL  Am.  J. 

52]  xriii.  407).--^,  XantkophyUiU,  by  G.  Boss  (Pogg.  Ann.  i  664).— e.  J}isierriU  as 
JrmuUsUe,  by  Kobell  (J.  pr.  Chem.  xli  164): 

8PO*    ZrO«    Al*0*    Fe"OS  lfo"0   Mr"0    Ca"0    K*0     NaK)     R>0       F 
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These  results  may  be  approximately  reimsented  by  the  following  foimuls,  in  which 
M  denotes  a  uni-equiyalent  and  B  a  triequiyalent  metal : — 

Clintonite  (Seybertite,  Holmesite)      .    2M*0.3SiO>  -t-  2(3M'O.2B*0^ 

Xanthophyllite 2M'0.3SiO«+3(3M'0.2RH)>)+8aq. 

Disternte 2M'0.3SiO«+4(lll*'OJR«0«)*».2aq. 

It  is  doubtfiil  whether  either  of  these  minerals  has  been  found  in  an  unaltered  state. 

Clintonite  is  invisible  before  the  blowpipe,  but  loses  its  brown  colour  and  beeomea 
opaque ;  heated  in  a  flask  it  giyes  off  neutral  water.  It  is  oomplet^y  decomposed  by 
hydrochloric  acid. 

Xanthophyllite  yields  green  glasses  with  fluxes :  it  is  decomposed  by  adds,  like 
dintonite^  but  much  less  easily. 

IMsterrite  when  heated  giyes  off  water,  which  is  neutral  or  alkaline,  according  aj 
the  spedmen  is  fresh  or  has  turned  red-brown  by  weatherinc.  Before  the  blowpipe  it 
becomes  turbid  and  greyish-white,  but  does  not  fhse ;  with  fluxes  it  gnras  the  reac- 
tions of  iron  and  silica.  It  is  not  sensibly  attacked  by  hydrochloric  add :  but  snl- 
I^uric  add  decomposes  it  when  heated  with  it  for  some  tima»  {Smim^Aerg't 
Mineralchemir,  p.  848.— Dana,  iL  297.) 

C&OVSS  are  masses  of  air  which  contain  innumerable  minute  partides  6f  sus- 
pended water  condensed  from  a  state  of  yapour,  and  thus  assume  the  appeaxaaoe  of 
white  or  misty  bodies.  The  forms  of  clouds,  which  of  course  depend  on  the  form  and 
motions  of  the  mass  of  air,  were  first  properly  classified  by  H  o ward,  (Rrs^  Cydoptgdio^ 
art.  Cloud;  Nicholson's  Journal,  1811,  xxx.  35 — 62;  or  HotoanCs  ClimaU  of  Ltmdvu, 
2nd  ed.  yol.  L),  whose  arrangement  we  may  thus  shortly  describe. 
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Ct^ffiM.— Parmllel,  flexttoas,  or  diveiging  fibres,  commonlj  called  mare-taiU^  oceur- 
ring  most  dlBtinetly  Id  the  higher  regions  of  the  atmosphere,  bat  sometimes  originating 
from  large  masses  ot  other  dond  at  lower  elerations.  The  a^jectire  cirrose  may  be 
applied  to  any  streaked  appearance  in  clonds. 

CumWtM.— Gonrex  or  conical  heaps,  increasing  upward  from  a  horizontal  base. 
This  is  the  most  abundant  form  of  cloud,  generally  appearing  during  the  day  at  a 
moderate  elevation,  and  moring  along  with  the  current  next  the  earth. 

Strattu. — ^A  widely  eortended  continuous  boriaontal  sheet,  either  lying  upon  the  sur 
face  of  the  earth  as  a  mist,  or  elevated  at  any  height  in  the  atmosphere. 

Ctrros/m^iM.— Stratus  streaked  with  the  fibres  of  the  ciirmi.  This  form  of  cloud, 
generally  occurring  at  a  great  elevation,  and  consisting,  therefore,  of  particles  of  ice, 
18  the  cause  of  soliur  and  luaar  halos,  and  also  of  the  parhelion  and  paraselene. 

(himuUmtratuB, — ^A  cumulus  the  summit  of  which  spreads  laterally,  producing  an 
anvil-shaped  doud.    This  kind  of  doud  is  veiy  likely  to  turn  to  the  following : 

Nimbus,  CwmtiUhcirro-Btratug,  Bain,  or  Tkundendoud  is  a  doud  or  system  of  doudi 
forming  a  great  sheet  or  mass^  mostly  eumulose,  but  with  lateral  stratose  extensions, 
and  with  tofts  of  cirrus  spreading  from  the  summit  It  indicates  a  great  distur- 
bance of  the  atmosphere,  caused  by  a  violent  upwaid  current  in  the  centre  of  the 
cloud,  and  is  generslly  accompanied  by  wind  or  squalls. 

The  following  further  statements  are  on  the  authority  of  Howard. 

The  cumylu$hdB  the  densest  structure,  and  is  formed  in  the  lower  atmosphere.  A  small 
irregular  spot  first  appears,  and  is,  as  it  were,  the  nndeus  on  which  the  mass  increases. 
The  lower  sux&ce  continues  irregularly  plane,  while  the  upper  rises  into  conical  or  heroi* 
spherical  heaps,  whidi  may  afterwards  long  continue  nearly  of  the  same  bulk,  or  rapidly 
rise  into  mountains.  They  will  begin,  in  &ir  weather,  to  form  some  hours  afbei 
sunrise,  arrive  at  their  maximinn  in  the  hottest  part  of  the  afternoon,  then  go  on 
diminishing,  and  totally  disperse  about  sunset  Previous  to  min,  the  cumulus  increases 
rapidly,  appears  lower  in  the  atmosphere,  and  with  its  surface  fhll  of  loose  fleeces  or 
protuberances.  The  formation  of  laige  cumuli  to  leeward  in  a  strong  wind  indicates 
the  approach  of  a  calm  with  rain.  When  they  do  not  disappear  or  subside  about  sunset, 
but  continue  to  rise,  thunder  u  to  be  expected  in  the  night 

The  stratua  has  a  mean  degree  of  density,  and  is  the  lowest  of  clouds,  its  inferior 
surface  commonly  resting  on  the  earth  or  water.  This  is  properly  the  doud  of  night, 
appearing  about  sunset  It  comprehends  all  those  creeping  mists,  which  in  calm 
weather  ascend  in  spreading  sheets  (like  an  inundation  of  water),  from  the  bottom 
of  valleys  and  the  smfacee  of  lakes  and  rivers.  On  the  return  of  tlie  sun,  the  level 
sur&ee  of  this  doud  begins  to  put  on  the  appearance  of  camulus,  the  whole  at  the 
same  time  separating  teom  the  ground.  Tne  continuity  is  next  destroyed,  and  the 
cloud  ascends  and  evaporates,  or  passes  off  with  the  appearance  of  the  nascent  cumulus. 
This  has  long  been  r^arded  as  a  prognostic  of  fiur  weather. 

The  eimu  having  continued  for  some  time  increasing  or  stationary,  usually  passes 
cither  to  the, cirro-cumulus  or  the  cirro-stratus,  at  the  same  time  depoending  to  a 
lower  station  in  the  atmosphere.  This  modification  forms  a  very  beautiful  sky,  is  fre- 
quent in  summer,  and  attendant  on  warm  and  dry  weather.  The  cirro-stratui,  when 
seen  in  the  distance,  frequently  gives  the  idea  of  sho«ds  of  fish.  It  precedes  wind 
and  rain,  is  seen  in  the  intervals  of  storms,  and  sometimes  alternates  with  the  dno- 
cnmolus  in  the  same  doud,  when  the  different  evolutions  form  a  curious  spectade. 
A  judgment  may  be  fbrmed  of  the  weather  likdy  to  ensue,  by  observing  which 
modififlation  prevails  at  latlL 

Howard  did  not  explain  the  special  causes  of  forms  of  clouds  above  described,  nor 
can  we  point  to  more  than  one  or  two  attempts  at  all  sound  and  sdentific  to  acoom- 
pliHh  this.  In  two  papers,  however,  in  the  PkUowphical  Magazine  (4th  ser.  xiv.  22 ; 
XV.  241),  it  is  shown,  by  analogical  experiments  with  li<^uids,  that  the  cirrus  arises  from 
the  interJUtration  of  masses  St  air  saturated  with  moisture,  and  not  in  equilibrium ; 
the  stratus,  from  mixture  or  contact  of  layers  of  air  tranquilly  moving  on  or  lying 
over  each  other,  while  the  cumulus  arises  from  the  violent  ascent  of  columns  of  air 
in  the  atmosphere.  The  nimbus,  rain,  or  thunderdoud  appears  to  be  formed  in  like 
manner. 

Very  little  is  known  of  the  nature  of  douds  from  which  dow  long-continued  irain 
falls,  as  it  so  commonly  does  in  London,  but  the  doud  is  probably  for  the  most  part 
stratose. 

More  particular  accounts  of  the  phenomena  of  the  douds  and  weather  must  be 
sought  in  works  on  meteorology,  among  which  by  fiir  the  most  philosophical  and  reliable, 
is  8ir  J.  Hersehel's  Essay  on  Meteorology  (Encyc.  Brit  8th  ed.).  To  this  Essay 
we  are  indebted  for  some  of  the  following  remarks. 

It  is  more  within  the  province  of  the  chemist  to  coni^ider  the  nature  of  the  matttr 
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of  doadfl.  Metaotologists  hxre  genenUj  airoiiied,  as  an  nnrappotted  doeiii%  thsl 
dovd  particles  an  amful  ▼cridea  or  watery  bubbles.  SauasiiK,  inoeed,  is  aaid  to  hsTe 
OKamiiied  tbesa  Teaides  in  the  mists  of  high  mountains,  and  to  hare  found  them  ray 
in  size  from  j^  inch  to  the  ^^  inch,  occasionally  however  attaining  the  size  of  a 
pea.  -Kow  iJtnough  no  obserrer  is  in  general  more  deseiredly  trustea  than  Samnm, 
his  nnsuf^rted  announcements  must  not  always  be  adopted  as  ooodooiTe,  and  we  are 

Suite  unaware  of  any  one  else  having  witnessed  vesides  of  appedable  size  floating  in 
lie  air  and  forming  douds  or  mists.  It  is  also  stated  {Grakam't  ElemenU,  2nd  ed. 
i  314),  that  the  vesicles  may  be  observed  by  a  lens  of  an  inch  focal  length,  owr  the 
daric  surface  of  hot  tea  or  coffee,  mixed  with  an  occasional  solid  drop,  which  oontrtsts 
with  them.  Having  tried  this,  we  witnessed  a  white  dust  of  watery  partides  of 
uniform  size,  blowing  about  over  the  surface  of  the  coffe^  or  rising  in  little  wreaths 
and  whiriwinds  like  dust  on  a  wind;^  day,  but  we  saw  no  drops  appearing  solid  as  con- 
trssted  with  the  rest,  and  were  inclined  to  consider  them  all  solid  partides  of  about 
the  diameter  of  ^j^  inch.  No  one  has  ever  suggested  how  the  veaides  are  ^mnnl, 
nor  is  it  easy  to  conceive  any  nosaibie  mode  of  their  formation. 

In  &vonr  of  the  vesicular  theory,  it  may  be  urged  that  rainbows  axe  at  lewt  very 
■ddom  produced  when  the  sun  shines  on  dond  or  on  steam,  although  a  rainbow  is  ex- 
hibited under  sudi  drcumstances  by  the  minutest  rain  and  bv  spray  from  a  fountain 
or  waterfalL  Sir  J.  Herschd  suggests  that  the  partides  may  be  of  an  wrdtr  of^mdH- 
ne»8  comparable  to  the  lengths  of  the  Ught-undulations,  which  are  on  an  avemge 
about  ^^g  inch  long.  Hence,  he  infers^  the  refractions  and  reflectioDS  of  light  which 
cause  the  rainbow  would  not  take  place.  (See  also  Baillard,  OopmUs  Bendta^ 
xliii.  906.) 

The  existence  of  vesicular  v^x>ur  of  water  seems,  however,  to  have  been  disprored 
by  the  microec(^c  observations  of  Dr.  A.  Waller  (PhiL  Trans,  cxxxvii.  [1847] 
1x23),  which  later  writers  have  overlooked.  Steam  being  thrown  upon  a  snr&ee  ot 
Canada  balsam,  the  partides  of  water  became  fixed  and  were  easily  examined  in  the 
microscope.  It  was  concluded  that  whenever  we  are  enabled  to  inspect  the  minuieet 
partides  of  water  arising  from  condensed  steam  or  vapours,  they  consist  of  minute 
Uquid  globules  without  any  appearance  of  internal  cavity. 

The  suspension  of  the  douds  is  in  no  way  mysterious,  and  arises  only  from  the 
enormous  comparative  resistance  which  the  air  offers  to  the  motion  of  a  very  minute 
body,  as  Prof.  Stokes  has  lately  shown  (Cambridge  Phil.  Trans,  vol  viii.  ix.)  A 
globule  of  water  of  the  diameter  of  ^J^  inch,  in  falling  through  the  air,  would  have  the 
maximum  vdocity  of  about  '067  inch  per  second,  iniich  is  quite  inappredabls  oom- 
pared  with  the  ascensional  movement  of  the  air,  which  is  generally  taking  place 
in  all  large  masses  of  doud.  The  watery  partides,  or  the  air,  generally  both,  musl 
then  be  in  motion  in  every  doud.    (See  also  PhiL  Trans,  vol  Iv.  [1766]  p.  162L) 

No  satisfactory  reason  has  ever  been  given  why  the  douds  only  sometimes  die* 
charge  rain,  but  it  ii  not  difl&cult  to  see  that  if  all  the  partides  were  of  equal  size,  thcr 
would  all  subside  at  exactly  the  same  rate^  and  no  collisions  could  take  place.  But  it 
a  ftirther  set  of  partides  were  precipitated  of  a  different  size  they  would  move  at  a 
difierent  rate,  and  encounter  the  other  partides ;  many  partides  would  thus  coaleaoe 
into  drops  of  sufficient  size  to  fall  rapidly,  and  reoeivu^  accretions  in  their  ptumagr 
through  the  air,  reach  the  sur&ce  of  the  earth  as  rain.  The  coalescence  of  minute 
globnks  vastly  diminishes  their  sur&ce  as  compared  with  their  bulk ;  it  is  tagy  then 
to  understand  how  dectric  tension  existing  on  the  surface  of  doud  partidee  is  so  in* 
tensified  when  rain  falls  as  to  occasion  lightning.  This  theory  of  the  thundeidond 
was  suggested  as  early  as  1762  l^  Eeles  (PhiL  Trans,  p.  627),  and  it  is  Mpeated  ir 
thep^Mis  in  the  Phuotovkioal  MagagvM  before  referred  to. 

There  are  two  princqwl  ways  in  which  doud  partides  are  produced : 

1.  A  gas  in  changing  its  volume  also  changes  its  temperature,  and  may  thus  be 
unable  to  sustain  in  the  gaseous  state  all  the  aqueous  vapour  which  is  difibsed  through 
it  Thus,  if  the  air  witmn  the  receiver  of  an  air-pump  be  moists  a  few  strokes  of  ue 
pump  win  produce  a  visible  mist.  In  the  atmosphere,  by  far  the  largest  fnanrifn  of  douds 
are  thus  produced  br  columns  of  air  risings  and  consequent^  w^p^4'ng  and  growing 
cold  as  they  rise^  Fogs,  it  is  also  said,  may  be  produced  at  the  surface  by  sudden 
diaoges  of  barometric  pressure. 

2.  Two  masses  of  moist  air  of  different  temperatures  will  not|  when  mixed,  sustain 
the  whole  of  the  contained  vapour  in  the  gaseous  state :  for  the  Tm^-gtm^tr^  tenaioa  of 
aqueous  v^)our  varies  in  a  higher  ratio  than  the  temperature.  Henoe  the  m<'ttn  ten- 
sion of  vapour  on  mixing,  wilTalways  be  higher  than  the  tension  possible  at  the  mean 
temperature,  and  vapour  will  be  condensed  until  the  two  are  equalised.  Thus  arise 
the  cirrose  and  stratose  forms  of  deed,  from  the  mixing  of  bodies  of  air  under  vaiioua 
circuTD  stances. 

Gases  have  but  an  inappredable  power  of  conducting  heat    A  cold  sur&ce 


CLOVES  —  COAL.  1029 

indeed  oondense  Tiipoiir  from  the  air,  m  in  the  fbrmation  of  dew,  but  the  water  con- 
densed will  all  attadi  itself  to  the  cold  surface,  and  no  dood-particles  will  be  produced. 
Dr.  Tyndali  having  lately  prored  that  gases  may  radiate  heat,  it  is  possible  that  ckmds 
maj  be  produead  in  the  Ugher  parts  of  the  atmosphere  by  sbw  radiation.    W.  &  J. 

C&OVB8v  OZ&  or.  OewurznelkenoL — This  oil,  obtained  by  distilling  with 
water  the  buds  and  flower-stalks  of  the  doTe-tree,  Eugenia  caryophyUeUcL,  or 
Caryophyllua  aromaUcuB^  L,  is  a  mixture  of  eugenic  acid  {q.  v.)  and  a  hydrocarbon, 
C^H",  isomeric  with  oil  of  tuipentine.  This  hydrocarbon  passes  over  with  vapour  of 
water,  when  the  crude  oil  of  cbves  is  distilled  with  potash-ley.  It  is  highly  refrac- 
tive, has  a  density  of  0-918  at  18°  C,  and  boils  at  1420—143°  It  is  not  attacked 
by  alkalis ;  it  absorbs  a  large  quantity  of  hydrochlorie  acid,  and  without  forming  a  crys- 
talline compound  (Ettling,  Ann.  Ch.  Pharm.  Iz.  98).  Water  distilled  from  doves 
sometimes  deposits  nacreous  scales  of  eugenin,  a  substanoe  probably  isomeric  with 
oogenic  add. 

According  to  Sten house  (Ann.  Ch.  Pharm.  zcv.  108),  the  so-called  oil  of  cinna- 
mon-leaf is  likewise  a  mixture  of  eugenic  add  and  a  h^rdrocarbon,  C'H".  It  has  a 
density  of  0*862,  and  boils  at  160° — 166°  C. ;  it  eontains  also  a  small  quantity  of 
beoBoie  acid. 


C&OVOXV8SZV.  A  resinous  body  produced  by  the  action  of  sulphuric  add  on 
oil  of  doves. 

€}&VB  MOBS,    See  Ltcopodiuil 

cnurrBA&XTa.  A  mineral  related  to  analdme  (p.  210),  occurring  in  flosh-red 
vitreous  crystals  in  the  amygdaloid  of  the  Kilpatrick  Hills.  Specific  gravity  a  2*166. 
Hardness  -  8*6.  Opaque  or  subtranslucent.  Fragile.  Contains  61*27  SiO',  23*66 
Al*0*,  7*31  FeO',  d  la  Nh«0,  1  -23  MgO,  and  10-66  water  -  99*06.  (Thomson, 
SjftUm  •/  Mineralogy,  i.  389.) 


V*  CentaurifL  (Morin,  J.  Chim.  mM.  liL  106;  Scribe,  Compt  rend. 
XV.  803). — A  bitter  substance  contained  in  Centaurea  henedictua  or  Cnicus  benedictfts 
(Morin);  also  in  the  leaves  of  Centaurea  calcitrapa,  and  in  all  bitter  plants  of  the 
order  Cimposita,  sub-order  Cynarocephala  (Scribe).  Morin  first  obtained  it  in  an 
impure  state  by  treating  the  alcohohc  extract  of  Centaurea  benedictus  with  ether, 
evaporating,  predpitating  with  sub-acetate  of  lead,  evaporating  the  filtered  liquid  after 
freeing  it  from  lead,  and  treating  the  residue  with  ether  and  alcohoL  It  was  after- 
wards obtained  by  Nativelle  and  further  examined  by  Scribe. 

Cnicin  forms  white  transparent  silky  needles,  inodorous,  having  a  pure  bitter  taste, 
and  neutral  reaction,  easily  soluble  in  alcohol  and  wood-spirit,  very  little  soluble  in 
ether.  The  alcoholic  solution  deflects  the  plane  of  a  polarised  ray  to  the  right; 
[a]  a  4.  130*68°  (Bo u char dat).  It  is  nearly  insoluole  in  cold  water,  dissolves 
somewhat  more  easily  in  warm  water.  The  solution  is  decomposed  by  continued  boil- 
ing, becoming  turbid  and  afterwards  depositing  a  visdd  body  like  turpentine. 

Cnicin  gives  by  analysis  62*9  per  cent  carbon,  7*0  hydrogen,  and  30*1  oxygen, 
whence  have  been  deduced  the  three  formula  C"H'«0*,  C»fl*H)',  and  C>^>*0».  They 
all  aeree  pretty  nearly  with  the  analprsis,  but  as  there  is  no  means  of  determining  the 
atomic  weight  <^  cnicin,  it  is  impossible  at  present  to  dedde  between  them. 

Cnidn  submitted  to  dry  distillation  gives  off  vapours  and  becomes  carbonised.  Strong 
ralphuric  acid  dissolves  cnicin  with  deep  blood-rad  colour,  the  liquid  becoming  black 
when  heated.  Strong  hydrochloric  add  is  coloured  green  by  it ;  if  heat  be  applied, 
the  liquid  turns  brown,  and  oily  drops  collect  on  its  surface,  solidifying  in  a  rednous 
mass  on  oooling. 


-  - is  a  term  applied  to  anv  viscid  or  curdy  mass  separated  from  a 

liquid,  as  cheese  from  milk,  the  clot  from  blood,  &c 


Houills,  Steinkohle. — The  vast  masses  of  fossil  fuel  which  aro  stored  up 
within  the  bowels  of  the  earth,  and  in  particular  constitute  so  essential  an  element  of 
our  national  prosperity,  aro  undoubtedly  the  result  of  complex  chemical  changes,  acting 
under  varying  ciroumstances  of  temperature,  pressure,  moisture,  &c.,  either  upon  vege- 
table matter  growing  on  the  spot,  or  upon  the  remains  of  plants  collected  by  the  drift  of 
rivers,  &c,  into  particular  localities. 

The  vegetable  origin  of  coal  is  beyond  doubt,  nor  can  there  be  any  question  as  to  the 
character  of  the  flora  of  the  carboniferous  era,  about  500  distinct  spedes,  induding 
260  ferns,  having  been  recognised  as  belonging  to  that  period. 

The  discovery  of  distinct  ligneous  structure  in  most  kinds  of  coal  appears,  however, 
to  be  somewhat  questionable ;  and  although  Bischof  and  othen  have  entered  into  in- 
teresting and  highly  valuable  speculations  as  to  the  precise  changes,  by  virtue  of  which 
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iroody  matter  may  be  eonrerted  into  ersl,  tlie  mioxMoopie  and  chemical  examination 
cf  the  BubBtances  thenuelTes,  do  not  afibrd  direct  proof  of  ihe  accnraqr  of  tfaeee  eon- 
ceptions. 

The  convenion  of  wood  into  coal,  aoooiding  to  Bischo^  may  take  place  in  fimr  dif- 
ferent ways,  Tiz. : 

1.  By  separation  of  carbonic  add  and  carbnretted  hydrogen. 

2.  ,1  ,f  f«  water. 
8.               H            carbnretted  hydrogen  and  water. 


4. 


•I 


II 


»i 


carbonic  acid. 


(For  the  formnlas  representing  these  changes  we  refer  the  reader  to  BUehoft 
and  Physical  CMogy^  toL  L  p.  274,  et.  seq.^ 

"  When  wood  or  vegetable  matter,  then,  is  bnried  under  circamstanoes  which  allow 
of  the  extrication  of  these  subetanoes  from  it,  in  the  coarse  of  its  decomposition,  it  fMut 
become  conyerted  into  coal;  theextremeresultof  the  process  being  to  give  ns,  fii«t  anthra- 
cite, containing  perhaps  94  per  cent  of  carbon,  and  finally  eraphite,  which  is  either 
pure  carbon  itself,  or  tJiat  sabstance  mingled  witli  others  whioi  ate  here  exdaded  from 
consideration,  as  not  being  among  the  elements  of  wood,  and  which  it  may  hare  ae> 
quired  from  external  sources  dann^  the  process  of  conversion. 

"  The  great  quantities  of  carbonic  acia  gas  (choke-damp),  and  carburetted  hydrogen 
(fire  damp)  met  with  in  coal  mines,  show  Sie  fact  of  the  Iaw  extrication  of  these  mb- 
etances,  and  corroborates,  if  need  were,  this  explanation.  Reserroirs  of  these  ^mss 
in  a  highly  compressed  state  are  often  found  to  be  pent  up  in  the  crevices  and  cavities 
of  coal  beds.  Some  beds  of  coal  are  so  saturated  with  gas,  that  when  they  are  cat 
into,  it  may  be  heard  oozing  from  every  pore  of  the  rock,  and  the  coal  is  called  by 
the  colliers  *  singing  coaL' "    (Beete  Jukes,  Manual  of  Gtology,) 

The  natural  escape  of  light  carburetted  hydrogen,  marsh-gas  or  fire-damp  (CH*), 
which  frequently  bursts  forth  in  large  quantities  from  the  seams  of  coal  or  strata  of 
fircHilay  which  divide  them,  is  the  frequent  cause  of  those  terrible  accidents,  of  which 
the  Lund  Hill  Colliery  explosion  in  1867,  and  the  still  more  recent  one  at  Bnrradon, 
have  been  the  most  calamitous  upon  record.  ^  

The  sudden  issue  of  gas  from  a  blower  in  t^e  colliery  adjacent  to  that  of  Lund  Hill 
is  thus  described.  '*  The  fire-clay  of  the  fioor  of  the  seam  was  seen  to  heave  at  dif- 
ferent points  along  the  face,  and  presently  large  fractures  were  made  in  it,  throogfa 
which  gas  was  ejected  with  great  violence  and  with  a  sound  veiy  similar  to  the  iasne 
of  steam  at  a  high  pressure  from  a  boiler."  Subsequent  to  the  explosion  at  Lund 
Hill,  the  pent  up  gas  still  issuing  within  the  mine  in  the  higher  parts  of  the  workings 
supported  two  columns  of  water  80  feet  high,  one  10  feet  and  the  other  \l\  feet  dia- 
meter, corresponding  to  a  pressure  of  about  11  lbs.  on  the  square  inch.  This  gas  in  ex- 
ploding renders  unfit  for  respiration  10  times  its  own  bulk  of  air:  hence  the  "after 
damp  of  the  miner,  the  vitiated  atmosphere  produced  bv  the  explosion,  often  fiital  to 
those  working  in  other  parts  of  the  mine,  or  to  those  who  descend  mto  the  pits  without 
proper  precautions,  or  until  ventilation  has  been  sufficiently  re-established. 

*'  The  subjoined  tables,  given  bv  MiUer,  give  an  idea  cdT  the  composition  of  wood 
and  will  illustrate  the  progress  of  its  decay.  They  also  ftimish  a  synoptic  view  of  the 
composition  of  some  of  the  principal  varieties  of  coal,  in  the  order  of  meir  oecuTTeuee 
in  successive  geological  sta^s.  The  proportion  of  oxygen  diminishes  rapidly  and  that 
of  hydrogen  more  dowlv,  as  the  coal  passes  from  lignite  towards  anthracite,  in  which 
form  it  consists  of  nearly  pure  carbon." 


CompotUwn  of  Wood  and  Coal 

Speeillc  fraTtljr     • 

Oak-wood, 

mitor. 

DeeaifedOA 
Liebiff. 

Dartmoor 
Pemt, 

Vwiz. 

Mexicm 
AtpkaU. 

Regnault. 

Bvteff, 
▼aoz. 

"SSI 

Mmcr. 

•81 

'649 

1*068 

M99 

1-196 

Cok«  par  cent. 
Cartioo  . 
HTdrogen              • 
Nitrogen 
Oxymn  . 
Salpbur  .       • 
:  Ash        ... 

91*8 
80*10 
6*07 

1- 

•18 

68*47 

6-19 

\    4I-S7 

89*80 

M*QI 

5-91 

9*80 

98-17 

•86 

9-78 

9ii 

78-10 

9-80 

9*80 

2-80 

80« 

66-81 

8*69 

0*56 

99-86 

9*86 

vrt 

68-10 
•96 

COAI. 


1061 


Compontion  of  Coal, 


Spedfic  gravity     . 

PwrrUCoaL 
MOler. 

Winwn 
Vans. 

CakHigCtMl 
Rkhardaon. 

10  yartf 

kampkm. 

Vaux. 

Newport 

lOller. 

5.  WoUm 
AmtkraeOe. 

Vaux. 

1-851 

1-876 

1-880 

1-878 

1*809 

1-899 

Coke  per  caoC. 

Carbon   . 

Hvdrogen 

Nitrogen 

OxTsen  . 

Suipbar . 

Aah         .       .       . 

48*8 
78-44 
7-62 

j     11-761 

1*145 
6*084 

60'36 

5-SS 
818 
8-08 
l-.O 
870 

5*94 

[      6-61 
1-40 

09*11 

78-57 

6*19 

1-84 

18-88 

•89 

1-08 

75-10 
81-47 
497 
1-68 
5*28 
1*10 
5-51 

99*10 

90-89 

816 

0*88 
9-96 
0^1 
1*61 

The  composition  of  ooaLi  rarim  largely,  not  only  in  respect  of  the  reUtire  proportioiui 
of  carbon,  hydrogen,  osy^n  and  nitrogen  which  they  contain,  bat  also  of  the  amount 
of  extraneous  matters  which  constitute  the  impurities  of  fueL  These  consist  of  a  Tari- 
able  amovmt  of  mineral  matters  which  remain  after  combustion  of  the  coal,  as  ash  or 
••clinker/* 

The  percentage  of  aah  ranges  f^om  about  1  to  30  or  3tf,  and  in  some  coals,  whieh  are 
considered  too  poor  to  be  brought  to  market,  to  even  more  than  this  quantity. 

It  consists  chiefly  of  silicate  of  alumina,  with  rariable  amounts  of  oxide  of  iron. 
Vaux  found  also  in  many  coals  traces  of  lead  and  copper. 

**  We  hare  in  nature  eveiy  eradation,  from  {mre  coal  into  a  mere  carbonaceous  (com- 
monly called  bituminous)  shate  or  '  batt  *  which  often  contains  enough  imflammable 
matter  to  give  out  flame  and  support  combustion  for  a  time  when  burnt  with  better 
coals,  but  soon  passes  into  a  lump  of  ash,  unaltered  in  form  and  not  retaining  heat 
longer  than  a  brickbat  would  under  similar  circumstances."  Accordingly,  the  compo- 
sition of  the  ash  of  coals  closely  resembles  that  of  the  batts,  shales,  or  flre-days  which 
usnslly  occur,  either  as  strata  above  or  below  the  coal,  or  in  their  "partings  "  between 
the  sereral  layers  of  the  coal  itself. 

The  following  table  exhibits  the  amount  and  composition  of  the  ashes  of  ssTeral  coals, 
as  compared  with  that  of  fire-days  and  V  batts  " : 

CompositUm  of  Coal'Oah, 


Newcaitle 

coal  after 

deducting 

Suphuric 

add. 

Porous 
Coal  from 
Zwickau. 

Compact 
Coal  from 
Zwkkau. 

Average 
of  five 

samples. 
Welsh. 

Average 
of  Ave 

samples. 
Scotch. 

Blue 
Shale 
clay. 

Nevrastle 
Fireclay. 

Ucbaid- 

American 
Anthracite 

Ash  or 

Bituminous 

Shale, 

BUston, 

Staflbrdshlre. 

Silica  . 

Tkylor. 

Kremen. 

KremerSi 

Phillips. 

Phillips. 

Tiylor. 

son. 

Fawn. 

Wills. 

62-44 

60-88 

46-18 

48*67 

49  68 

W-99 

571M 

54*50 

OO-Sl 

Alumina 

81-82 

81-68 

28-47 

?  .^ 

86-19 

85-08 

84  45 

88  85 

Snquloxide 

V  48-96 

88-21 

Iron .       . 

8*16 

6*86 

85*83 

3 

•        . 

•              • 

5- IT 

7-80 

8*14 

I.iroe 

•78 

1*0S 

2-80 

6-«5 

S-18 

FeSO.10'8!k 

l-n 

8-88 

rn 

Mxgneaia    . 

•85 

•85 

•58 

106 

1*41 

67 

1-78 

ISO 

1-88 

Potatb 
Soda    . 

9-48 

»       • 

•  • 

•  • 

•        » 
14 

•       • 

•               • 
t               • 

1-64 
8-84 

•  • 

•  • 

j      1-11 

Sulphuric 

acid    (an- 

1    hjrdroua)  . 

•       • 

•       ■ 

■       • 

4-46 

6-86 

•              • 

•       • 

•       • 

tf» 

1  Sulphate    of 
f    Calcium  . 

•       . 

•84 

1-87 

Phosphoric 
acid    (an- 

hydrous)  . 

•       • 

•       • 

•       • 

•66 

1-08 

•              « 

•       • 

•       • 

tmees. 

Percentage 
or  Ash 

1-86 

1*74 

189 

8*15 

•              ■ 

• 

.       • 

.       * 

Chlorine  0*06 

Huspratt  states  that  the  ash  of  lignite  varies  from  I  to  60  per  cent,  aTeraging  about 
£,  and  that  of  bituminous  coiil  1  to  2  per  cent  In  addition  to  these  substances,  the 
mineral  matter  of  coal  contains  a  small  but  variable  quantity  of  sulphur,  not  accounted 
for  in  the  above  analyses,  but  constituting  a  most  important  element  as  regards  the 
value  of  fbel  for  domestic  and  technical  uses.  This  remark  applies  more  especially 
to  the  value  of  coals  for  metallurgical  purposes,  particularly  for  employment  in  the 
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blast-fiimace ;  the  ironmaster  has  learned  to  eschew  such  samples  of  iromitone  as 
oontaiD  any  considerable  percentage  of  sulphnr  and  phosphoric  acid ;  but  this  pre- 
caution is  vhollj  ineffectual,  unless  a  like  care  be  exercised  in  the  selection  of  the 
tae\  and  fluxes  vhich  are  to  be  introduced  into  the  blaat-fiirDaee  witii  the  ore. 

The  presence  of  sulphur  is  equally  detrimental  in  the  manufacture  of  gaa,  some  por- 
tion of  It  being  always  elimiaated  as  sulphuretted  hydrogen  and  bisulpmde  of  carbon, 
the  complete  remoral  of  which  is  a  matter  at  once  of  great  difficulty  and  of  the  highest 
neoessitr,  while  the  frequent  cases  of  spontaneous  combustion  of  coals  in  the  hold  of 
vessels  is  probably  due,  m  some  lUeasure,  to  the  oxidation  of  the  pyrites  which  they 
contain  under  the  influence  of  a  moist  atmosphere. 

A  minor  eril  is  the  erolution,  during  combustion,  of  sulphuzoos  add,  a  gas  which  is 
not  only  noxious  and  hurtful  to  human  life,  but  destructiTe  to  bcrilers,  looomotiTe 
tubes,  and  so  forth. 

Some  of  the  lower  seams  of  the  South  Staffordshire  coal  beds,  otherwise  aTBilable  as 
good  fuel,  are  unused,  because  they  contain  an  amount  of  sulphur  which  renders  it  im- 
possible to  bear  the  smell  which  they  exhale  during  combustion ;  whence  their  local 
name  of  stinking  coal. 

The  mean  peroentaee  of  sulphnr  found  in  the  goTemment  investigation,  under 
Playfair  and  De  la  Be<me,  was  as  below : 

ftamplet.                         C<MUf.  Men. 

87    .        .        .    Welsh 1-42 


8 
28 
17 

8 


Derbyshire  . 1*01 

Lancashire 1*42 

Newcastle 0*94 

Scotland 1*46 


The  following  are  other  determinations  of  sulphur  in  ooab :  ^ 

4  samites  firom  North  Walesi  Buabon *79 

Lignite  from  Bovey  (Yaux) 2*36 

Bedhead  (Miller) 0*96 

Wigan  cannel  (Yaux)         ..••••••  1*60 

10  yard  Wolverhampton 0*39 

„      bottom •        .  2*67 

Newport  steam  coal  (Miller) 1*10 

Anthracite,  South  Wales  (Yaux)        .        ^       .        .        .        .  -91 

"  The  frequent  occurrence  of  iron  pyrites  in  coal  shows  that  its  formation  at  the 
0O8t  of  organic  remains  is  a  very  frequent  phenomenon.  This  formation  of  iron  pyrites 
can  only  he  explained  h^  the  presence  of  sulphates;  and  so  far  as  it  goes  on  in  the  sea» 
only  by  the  decomposition  of  sulphate  of  calnnm. 

The  minor  varieties  of  coal  are  almost  infinite  in  number,  and  it  is  said  that  full  a 
hundred  different  kinds  are  sent  into  the  London  market  llie  following  appears  to  be 
as  satisfactory  a  classification  of  the  more  important  kinds  as  is  possible,  together  with 
an  indication  of  their  characteristic  differences,  and  of  the  localities  whence  they  an 
obtained :  — 

1.  LxoMiTB  or  Bbowv  Coil,  generally  retains  in  some  degree  its  liMTipnuy  and  woo^ 
structure.  Yields  a  powdexy  coke  in  the  form  of  the  original  lumps.  Brittie,  buxna 
readily,  but  often  contains  from  80  to  40  per  cent  water. 

Occurs  in  England  chiefiy  at  Bovey  Heathfleld,  in  Devonshire,  where  it  has  long 
been  used  as  fud  in  the  local  potteries ;  the  supply  is  now,  however,  falling  off  Its 
other  chief  localities  are  Westphalia,  the  Hessian  States,  Lower  Austria^  Hossiai 
Spain,  Portugal,  Italy,  the  Upper  Missouri  Yalley,  New  Brunswick  (impregnated  with 
copper),  Qreenland,  Ohini^  and  the  Burmese  Empire^  and  in  Central  America  in  the 
province  of  Panama. 

2.  Bttuxinous  or  Caking  Coals. — The  most  extensively  difiltised  and  valuable  of 
English  coals.  These  are  of  various  shades  of  brown  and  black,  emit  much  gas  on 
heating,  and  hence  aie  prised  as  "  gas-coals ; "  tiiey  leave  a  coke  more  or  ]ma  lustrous 
and  fused,  or  caked  together.  Their  fracture  is  generally  uneven  and  their  lustN 
resinous.    The  coals  of  this  class  are  subdivided  into : 

Caking  Coal^  which  splinters  on  heatine,  but  the  fragments  then  fbse  together  into  a 
semi-pa^  mass.  Its  chief  sources  ire  uie  Newcastle  and  Wigan  districts,  along  the 
banki)  of  the  Tyne  and  Wear,  and  the  north  of  the  Tees. 

Cherry  Coal  or  Soft  Coal, — ^Lustre  very  bright.    Does  not  flise.    Ignites  well  and 
bums  rapidly.    Occurs  in  Glasgow,  St^rdshire,  Berbyshirt^  Nottrngham,  * 
shire,  &a 
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Splint,  Bough  or  Hard  Om/.— Blade,  and  of  gUsteniiig  fracture.  Does  not  ignite 
reacul J,  bat  bnrnfl  np  to  a  dear  hot  fire,  oonstitnting  a  good  honee  ooaL  Occnn 
in  the  Glasgow  fidd,  in  Bhzophire,  Ldeestenhire,  Warwidkduze,  Darhyehire,  and  at 
Nottingham,  and  eoftftitntee  in  partiedar  the  balk  of  the  great  ooalfidda  of  North  and 
South  StalR>rdahue. 

Cannd  Coai;  Barroi  eodl  of  Scotland.— Of  denae,  compact^  and  even  fracture,  eon- 
choidal  in  every  direction.  Takea  a  polish  like  jet.  Sj^ten  in  the  fiie  and  boma 
dearly  and  brightly.  The  chief  locahties  in  Cheat  Britain  are  Wigan,  and  other  parts 
of  Lancashire,  West  Glaagoir,  and  in  smaller  quantities  at  Ooreotiy.  It  is  ibnnd  also 
in  Kentacky. 

The  Tarioos  kinds  of  bitaminoos  coal  eonstitate  also  the  balk  of  the  immense  coal- 
fields of  North  America,  compared  with  which  the  most  eztensive  fidds  of  the  Old 
World  are  insignificant.  These  are  the  Alleghany  or  Appalachian  field,  and  those  of 
Penns^lTania,  Illinois,  New  Bnmswidc,  and  Nova  Scotia.  In  South  America  thqr 
occur  in  the  proTince  of  Chili.  They  compose  also  the  south  side  of  the  South  Wales 
basin ;  are  found  in  Connaught  and  Ulster,  and  on  the  European  continent  in  Belgium, 
France,  Prussia,  Sweden,  Russia,  and  Spain.  Finally,  the  great  coal  range  of  New 
tJouth  Wales  is  supposed  to  belong  to  this  class. 

4.  AXTBB4CITS.  Stomb-coal  or  CuuL — ^The  densest,  hardest,  and  most  lustrous 
of  all  Tarieties.  Bums  with  yeiy  little  flame  or  smoke^  but  gives  great  heat.  Con- 
tains Tery  little  volatile  matter.  Splinters  when  heated,  and  ignites  with  difficultr. 
Colour  deep  black,  fractore  lamellar,  naralld  to  the  bed  of  the  acpodt,  oonchoidal  m 
the  cross  fractore.  Applied  suooessftuiy  to  smdiing,  and  much  valued  as  a  steam  ooal 
in  the  navy.  Its  most  extensive  deposit  occurs  over  vast  tracts  of  North  America, 
chiefly  in  Pennsylvania.  It  constitutes  also  a  large  portion  of  the  yidd  of  the  norUi- 
west  portion  of  the  South  Wales  coalfield.  A  further  depoeit  occurs  over  a  tract  of 
about  12j^  miles  in  Devonshire,  in  the  neighbourhood  of  Barnstaple  Bay  and  Bideford. 
Its  other  situations  are  Leinster  andMunster  in  Ireland,  and  some  districts  of  France, 
Sweden,  and  Portugal 

5.  Stxax  Coal  approaches  nearly  to  anthradte.  It  does  not  crumble  into  small 
pieces  nnder  friction,  and  is  hence  well  adapted  far  stowage.  It  also  emits  little 
smoke,  a  point  of  great  importance  in  naval  waifkre,  where  the  smoke  of  ordinaiy  coals 
would  reveal  the  position  of  vessels  to  a  distant  enemy.  Its  chief  locality  is  the 
north-west  of  the  South  Wales  basin  and  the  north  of  the  Tyne  and  Blyth  district 

In  addition  to  the  above-named  varieties,  we  must  mention  the  remarkable  deposit  of 
Bathnte,  near  Bdinbuzgh,  oommonl;^  known  as  the  "  Torbane  hill  mineral  or  Boghead 
cannd  coal,*'  respecting  which  a  curious  lawsuit  arose  upon  the  question  whether  or 
not  the  substance  was  to  be  considered  as  "  coaL"  It  is  of  a  dull  brown  colour  in  the 
upper  paiti  and  black  in  the  lower  part  of  the  seam,  and  of  low  specific  gravi^.  It 
contains  about  20  per  cent,  of  aluminous  ash,  which  remains  after  ignition  m  the 
form  of  the  originiu  lumpj  retaining  6  to  10  per  cent  of  carbon.  About  70  per  cent^ 
therefore^  consists  of  volatile  matter,  whence  the  great  value  of  the  mineral  for  two  pur- 
poses ;  Ist  for  gas  making ;  2nd  for  distillation,  by  Young's  process,  in  dose  vceseb  at 
a  low  temperature,  whereby  a  Iftrgc  number  of  liquid  hydrocarbons  of  various  densities 
and  boiling  paints  are  obtained,  fit  respectivdy  for  illuminating  and  lubricating  par- 
poses,  together  with  oaraffin  and  other  solid  products. 

The  analyses  already  given  fairly  represent  the  ordinary  compontion  of  the  several 
classes  of  coals. 

ValuaHan  of  OoaL'— A  ready  method  of  accuratdy  estimating  the  general  value  of 
ooal  as  fiel  is  yet  a  desideratam.  Its  elementary  analysis  aflfords  the  means  of  cal- 
culating its  theoretical  heating  power;  but  it  is  found  in  practice  that  the  amount  of 
work  indicated  hj  this  result  can  never  be  obtained,  and  farther  that  the  condition  of 
mechanical  division,  draught  of  fbmaces,  and  many  other  extraneous  circumstances 
afiTect  the  mult  so  larpelv,  that  the  actual  work  obtained  sddom  bean  any  palpable 
relation  to  the  theoretical  indication. 

The  weight  of  water  in  pounds  raised  one  degree  in  temperature  by  the  combustion 
of  1  cubic  uch  of  each  of  a  large  number  of  combustible  substances,  and  also  by  such 
a  weight  of  each  as  combines  with  1  cubic  inch  of  oxygen,  has  been  determined  by 
the  direct  experiments  of  Lavoisier,  Laplace,  Despretz,  Dulong,  Rumford,  Begnault, 
Andrews,  and  others,  the  general  principle  of  their  methods  consisting  in  the  use  of 
an  apparatus  wherein  the  entire  heat  of  combustion  was  absorbed  by  a  known  weight 
of  water,  the  whole  arrangement  being  protected  from  the  influence  of  external  changes 
of  tempexvture,  and  the  increase  of  temperature  of  the  water  being  known  by  the 
simultaneous  indication  of  several  delicate  thermometers  suspended  in  it.    (See  I(sat.) 

The  method  of  Bertbier,  though  only  approximative,  aflbids  useful  indications  when 
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u>pli6d,  with  certain  pneautioxis,  to  various  samples  of  the  same  cUss  of  ooal  or  from 
the  same  mine. 

It  is  based  apon  the  reduction  of  oxide  of  lead  hy  the  carbon  and  hydrogen  of  the 
fuel,  in  fftct  the  oombostion  of  the  ooal  at  the  expense  of  the  oxygen  of  litham,  the 
weight  of  metal  produced  indicating  the  amonnt  of  oamea  e^Moded,  whence  the  netting 
power  may  be  ^n^^^niV^     It  ia  foond  that  1  pt.  of  pan  carbon  psodnoes  84*5  of  m»> 

tallie  lead;  hence  if  a  sample  of  Aiel  produces  25,  the  heating  power  is  ^r:?-  of  that 

of  carbon,  or  assnminff  that  1  lb.  of  carbon  raises  7900  lbs.  of  water  1^,  1  lb.  of  tha 
sample  of  coal  is  capable  of  raising  6724  lbs.  of  water  by  1^. 

Various  tables  have  been  given  by  Beithier  and  other  experimentera,  of  resolta  ob- 
tained in  this  manner,  the  fulowing  being  some  of  the  most  nsefbl  flgoies :  — 


Golnng  Dowlais  ooal      produces 

81-8  lbs.  lead 

Glamorgan                          „ 

81-2        .. 

Kewcasue                            „           • 

80-9        „ 

Wigan  cannel                      „ 

28-8        „ 

Cherzy  coal,  Derbyshire      „ 

27-2        .. 

Glasgow  cannel                   „ 

»        • 

24-9        „ 

Durham                               „ 

• 

81-6        „ 

FennsylTanian  anthracite    „ 

• 

80-5        ^ 

By  a  comparison  of  the  result  of  sny  experiment  with  these  standard  figures^  a 
tolerably  fiur  estimate  may  be  made  of  uie  specific  value  of  any  sample. 

The  method  of  operating  consists  simply  in  mixing  a  known  weight  of  the  finely 
powderod  fuel  with  about  forty  times  its  weight  of  para  fithaige,  and  exposing  IIm 
mixture  to  a  gentle  heat  in  a  large  crucible  finally  raised  to  a  dear  red  heat,  The  pot 
is  removed,  stmdc  on  the  fioor  to  assist  the  settling  of  the  meta],  and  broken  when 
cold.  The  button  is  deaned  and  weighed.  The  accuracy  of  the  result  depends  greatly 
upon  the  relative  proportion  of  hydrogen  and  oxygen :  when  they  are  in  the  pfopor* 
tion  neoessanr  to  form  water,  the  resuTt  is  tolerably  correct;  but  it  is  evident  that  any 
excess  of  hydrogen  over  and  above  this  proportion  introduces  an  ezror,  inasmuch  as  its 
heat  equivalent  is  calculated  as  if  it  were  carbon,  while  in  truth  it  is  about  four  times 
as  great  The  results  of  the  British  Admiralty  investigation,  by  De  la  Beche  and 
Flayfair,  exhibit  a  variation  often  "  amounting  even  to  a  virtual  contradiction"  of  tha 
simultaneous  results  of  direct  combustion. 

Other  experimenters  have  found  difficulty  in  obtaining  constant  results  byBezthier^s 
method,  but  Mitchell  has  found  that  the  difficulty  may  be  obviated  by  substitating 
ordinary  carbonate  of  lead  for  the  lithaige. 

The  best  practical  method  of  valuing  ftiel  consists  in  employing  an  apparatus 
similar  to  those  used  by  Andrews  and  other  chemists  in  the  determination  of  the 
actual  heating  power  of  carbon,  hydrogen,  &c.,  or  of  a  miniature  furnace  to  which  a 
known  volume  of  air  is  supplied,  with  arrangements,  such  as  readily  sugeest  them- 
selves, for  the  complete  utilisation  of  the  heat  evolved.  It  is  to  be  remeiSered  that 
the  real  value  of  all  such  results  is  simply  relative. 

The  imperfect  character  of  most  boiler  azransements  and  the  large  quantity  of  eoal 
which  passes  into  the  ash-pit  unconsumed,  together  with  the  irre^^ular  supply  of  dxsngfat 
and  the  amount  of  heat  absorbed  by  the  great  excess  of  cold  air,  result  practicaJHy  in 
an  enormous  loss  of  heating^  power,  to  an  extent  which,  even  under  the  most  esreAd 
management,  is  widely  variable.  Thus,  the  results  obtained  in  the  American  vad 
Britiw  Admiral^  experiments  exhibit  grave  discrepancies.  In  the  case  of  the  lattar 
investigation,  a  Cornish  boiler  only  12  feet  long  was  employed,  and  "even  from  the 
smallnesBof  the  boiler  employed,  the  results  fell  short  by  20  per  cent,  of  the  maximnm 
amount  of  woric  which  the  same  fuels  could  perform  when  applied  to  laiger  boilen  ooo- 
structed  and  set  on  the  same  principle.  The  inouiiy  is  rendered  less  efficient  from 
another  cause,  vis.  the  want  oi  a  thorough  control  and  measurement  of  the  air  ptfwing 
tbrongh  the  furnace." 

We  have  referred  to  the  ii\juriou8  properties  of  atUphvr  as  an  ingredient  in  coala, 
and  to  its  average  quantity  in  various  classes  of  fuel  Its  amount  may  be  estimated 
by  fiisLng  in  a  lurge  silver  capsule  a  few  pieces  of  caustic  potash  and  |  of  its  weigjfat 
of  nitrate  of  potash  and  a  few  drops  of  water.  After  ooolixig;  the  nn^y  powdned 
coal  IB  added,  and  the  whole  re-fused  till  white.  The  mass  is  dissolved  in  hydnv 
chloric  acid,  and  the  sulphuric  acid  produced  is  estimate  by  precipitation  with 
chloride  of  barium.  It  is  always  necessaiy  at  the  same  time  to  estimate  the  quanti^ 
of  sulphuric  acid  present  in  the  ssh  of  the  coal,  and  to  deduct  this  from  the  amount 
obtained  as  abovci  in  order  to  obtain  the  quantity  due  to  the  oxidation  of  the  solphuv 
only. 
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Deflagration  with  2  ptt.  nitre  and  10  of  chbride  of  aodinm  may  also  be  emplojed, 
but  the  grreateat  care  ia  neeeaiaiy  to  control  the  action. 

The  imj^ortance,  in  addition  to  a  knowledge  of  the  chemical  character  of  a  fhel,  of  a 
eonridoation  of  ita  meektmical  oondiHon,  ia  amplj  exhibited  by  the  fact  acknowledged 
in  both  the  goremment  aeriea  of  ezperimenta,  that  it  waa  a  tine  quA  non  that  the 
tongfaneBB  of  coals  mnat  be  aach,  for  naval  nae,  aa  to  Teaiat^  without  crumbling,  the 
eonatant  friction  in  the  ahip's  hold,  at  the  aame  time  that  ita  firaeture  muat  be  such 
that  it  packs  into  the  smallest  possible  space.  In  this  respecti  coals  of  equal  heating 
power  TBiy  20  per  cent  at  least  "  This  nctor,  which  ia  of  extreme  importance  in  steam- 
nayigation,  becomes  reduced  the  more  the  deavage  of  the  coal  or  the  ahape  of  the  fhel 
approaches  the  form  of  a  cube.  In  order  to  attain,  at  least,  a  relatiTe  idea  of  the 
waste  occasioned  by  transport,  t.  e.  of  the  attrition  of  the  individual  pieces  of  coal 
against  each  other,  and  oonrersion  of  unbroken  coal  into  dust  unfit  for  use,  which  ia 
occaaioned  by  the  motion  of  the  Teasel,  the  various  specimens  were  rotated  in  a  drum 
for  the  aame  length  of  time,  and  the  dust  thus  produced  separated  and  weighed." 

The  subjoined  table  shows  some  of  the  results  of  the  British  investigation  aa  regarda : 

1.  Number  of  lbs.  of  water  at  100^  C.  converted  into  steam  bv  1  lb.  of  fheL 

2.  Ditto,  after  deducting  portions  of  coke  contained  in  the  aJL 

3.  Theoretical  evaporative  power  in  lbs.  of  water  of  100^  C.  evaporated  by  lib.  of 

fiiel  calculated  from  litharge  test 

4.  Weight  of  coal  per  cubic  foot  of  stowage  in  lbs. 

5.  Ditto,  per  solid  cubic  foot,  deduced  from  specifte  gravity. 

6.  Percentage  loss  by  equal  amount  of  attrition 


KlodofFtel. 


Wi 

Jooei  nd  Co't  Antbraette. 
Wanl*i  Fl«7  Valo  .  . 
OraJgolA  .  .  •  • 
DufliTn  .  .  •  . 
FontT  Pool  .  .  •  • 
Ebbw  Valt  .  .  .  . 
B«dwsg 

Sootcb:— 
Dmlkelth  Jewel    .       .       • 
WidlMod  BIglii  .       .       . 
Fordel  SpUnl 
Oraagemottth      •      • 

BMGi.nR:— 
Broomhill    .       .      .       • 
Park  Bud.  S/da47      •      • 

luaa:— 
SUererdagh .      .       •       . 

Ileui  of  three  patmt  AmIi 


1. 


9-46 
9-40 
9*35 

10-14 
^47 

10-91 
9-79 


9-46 
7*66 
r40 


7-30 

s-n 


9-86 

9^ 


9^70 
lO'GO 

9-96 
11-80 

8*04 
10-64 

9*99 


MO 
8-67 
7*69 
7*91 


7-68 
8*98 


10-49 
9-66 


18-84 
16-40 
16-73 
16^ 
14-81 
16-68 
14-70 


13-77 
16*16 
16*13 
14-86 


IS'SO 

ie-91 

16-44 


68-35 
87-43 
6017 
68-33 
66-70 
58-80 
60*60 


49-80 

64-60 

.65*00 

64-36 


69-60 
64-44 


63*60 
66-48 


86-79 
Il8*a^ 
81*11 
83-73 
83*35 
78*f)l 
83*60 


79-67 
78  61 
78-61 
80-48 


77-99 
80*05 


99-67 
70-6r> 


686 
46-6 
49*8 
66-3 
67-6 
45*0 
640 


857 
640 
63-0 
69-7 


65-7 
650 


740 


For  further  information  on  coal,  see  Tlr^a  LieHonaryof  Arts,  Mainiufaetwm  and 
Mines,  i.  696;  also  Btmalds and Sichardaon's Chemu!(d  Tdcknology,  2nd  ed.  i  [1]  28; 
i  [2]  761 ;  Pert^s  MetaUurgy,  I  78—106.  A.  W.  W. 


The  gaa  produced  by  the  destamctive  distillation  of  pit-coal  at  regu- 
lated temperatures. 

The  apparatus  used  in  the  manufacture  of  coal-gas  on  the  great  scale  consists  essen- 
tially of  a  system  of  closed  retorts  of  fireclay  or  cast-iron,  the  exit  pipes  from  which 
communicate  with  a  hydrauUo  tnain,  in  which  the  crude  gas  deposits  |>art  of  its  tar 
and  ammoniacal  products.  It  passes  thence  into  a  series  of  condensing  pipes,  wherein 
it  is  exposed  to  uie  action  of  a  large  refrigerating  sur&ce,  and  deposits  the  greater 
part  of  ita  tar  and  ammonia-liquor,  the  last  portions  being  removed  in  its  passage 
through  another  series  of  vessels  of  various  forms  and  m(Klifications,  in  which  the 
gas  is  serubbed,  by  being  obliged  to  force  its  way  through  breese,  stones,  or  other  mate- 
rials whidi  serve  to  comminute  it  and  bring  it  mto  thorouffh  contact  with  a  stream  of 
water  which  continually  percolates  the  vessel  It  is  then  deprived  of  its  carbonic  acid 
and  sulphuretted  hydrogen  in  lime  purifiers,  and  finally  is  drawn  by  exhausting  appa- 
ratus into  the  gas-holders,  passing  on  its  way  through  the  stetion-meter  and  other 
beautiful  and  delicate  apparatus,  whereby  the  pressure  and  amount  of  gas  which 
passes  into  the  town  are  regulated  and  registered.  (See  the  article  Coal-Gas  in  Un^s 
DictioTUiry  of  ArUy  Mamifactures  and  Mines.) 
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Tbe  foXkming  aaa^tjnM  hy  Bmuwn  mnd  Bofooe  eadubitB  the  eompontion  of 
ohMter  ooal-gu  prepared  frtmi  Gaimel  eoal : 

^drogen •        .  46*68 

monh-^ 34-90 

Carbonic  ozids 6*64 

Olefiant  gu  or  ethylena    •••••••  4*08 

Tetrrlene 2*38 

Sulphuretted  hydrogen      ••••...  0*20 

Nitrogen 2*46 

Carbonic  acid 8*67 

100*00 

In  addition  to  theae  oonstitaenta,  there  are  frequently  proaent  traces  of  *"«*»"'•, 
tapour  of  snlphide  of  carbon,  cyanogen,  and  oxygen. 

The  oompoaition  abere  given,  represents  that  of  a  fizst-rate  sample  of  gas ;  but  the 
relatiye  proportion  of  the  serezvl  ingredients  depends  both  upon  the  ouality  of  opal 
used,  upon  the  temperature  of  the  retorts,  and  the  time  during  which  the  distiUatioB 
is  continued.  It  is  to  the  olefiant  gas  and  other  heavy  hydrMarbons  present  in  com- 
paratively small  quantities,  that  the  illuminating  power  of  gas  is  chiefly  doe ;  the 
maintenance  of  a  full  proportion  of  this  gas  is  therefore  of  the  utmost  importanee. 
The  following  table  shows  the  quality  of  gas  from  1120  ibsi  of  common  ooal  at  the 
Clifton  gas-worin,  jliancheBter,  at  difiuent  periods  of  distillation : 


Hmm  from  oon^ 

100  mflaforw  purifled  gas  contain 

100  measarM  of  porliad 
gaaoQOMinM 

OsygoB. 

Ol«6nt|a0. 

KitngMi. 

OUMTlnflBrior  gun. 

1 
8 
6 
7 
9 
11 

10 
0 
6 
6 
2 
0 

0 
0 
0 

16 
9 

16 

90 
91 
94 
80 
89 
86 

164 
168 
182 
120 
112 
90 

Hence,  two  thingp  should  espeeislly  bo  avoided  in  the  manufiicture  of  gaa,  vis. 
too  low  a  heat  and  a  too  long  continuation  of  the  distillatoiy  process.  The  effect  of 
too  low  a  heat  is  a  great  diimnution  of  the  gaseous  products,  me  chief  result  of  the 
distillation  being  the  production  of  tar.  The  effect  of  continuing  the  distillation  too 
long,  is  that  gases  of  vety  feeble  flluminating  power  are  evolved,  together  with  nitrogen, 
which,  when  onoe  mingled  with  the  combustiDle  gas,  caxmot  be  removed  by  any  known 
method,  and  must  seriously  impair  its  illuminattng  power. 

The  following  table  by  Hughes  gives  an  idea  of  the  relative  sod  absofaite  yidd  of 
diflferent  kinds  of  ooal  under  practical  management : 


Naaaof  CoaL 


Newcastle,  average  of  3  samp. 

„    10 
Wigan  cannel 


II 


Scotch  Parrot 

Lesmahago  cannel 

Boghead  cannel  . 

Ince  Hall  caxmel 

Derbyshire  . 

„     soft,  aver,  of  3  samp. 

Neath,  South  Wales    . 

Westbromwich,  parliament- 
ary return  of  Birmingham 
gas  company    . 

Staffordshire,  average  of  4 
samples  .... 


CnMc  feet  of 
Oaspertoo. 


11,492 

11,336 

9,600 

9,408 

9,600 

11,312 

16,000 

11,400 

9,400 

7,166 

11,200 


6,600 
10,467 


8peeifl«  Gra* 
Tiiy  of  Gaa. 


-462 
-416 
•490 
-478 
-640 
•737 
•762 
•628 
•424 
•466 
•468 


•463 
•376 


Weif  ht  of  Gaa  In  Iba. 
per  ton  of  Coal. 


398  Hedley. 

362  Clegg. 

367  r>iiBL 

344  Wright 
466 

638  Hedley. 

866  Evans. 

461 

308  Wri^t 

256  Parliamentaiy  rr toiB. 

401  Hedley 


226 


302    Clegg. 
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Modea  of  estiiRaHng  Luminifer<m»  Valw, 

The  gw  mftau&eturer  relies  much  as  an  indication  of  the  purity  of  his  ma,  upon  its 
flpeeiflc  grayitj,  which  he  commonly  takes  i^pioximately  by  means  of  a  balloon,  con- 
taining when  fall  1000  cubic  inches,  and  gauged  by  a  ring  which  fits  its  laigest  diameter 
when&U.  Attached  to  the  balloon  is  a  car,  into  which  as  many  ^prains  are  put  as  balance 
the  balloon.  This  result,  although  not  scientifically  aecnrate,  giTes,  after  correction  for 
temperature,  barometer,  &&,  an  indication  of  sufficient  practical  ralne,  but  of  eourse 
ritiated  by  the  presence  of  any  large  amount  of  carbonic  add. 

The  comparison  of  ^es  by  the  photometer  is  a  test  preferred  by  many  gas-engineers 
to  all  others.  It  consists  of  the  comparison  either  of  shadows,  or  of  transmitted  light 
passing  through  a  semi-transparent  disc  of  paper  with  reflected  light  striking  on  an 
opaque  portion,  in  juxtaposition  to  the  transparent  portion.  When  the  light  is  so  ad- 
justed that  the  shadows  are  precisely  similar,  or  that  the  lighjt  reflected  and  that 
transmitted  hj  the  disc  are  equal,  then  the  lights  are  to  each  other  in  the  ratio  of  the 
squares  of  their  distance  from  the  disc  or  screen. 

The  only  chemical  test  upon  which  the  practical  gas  maker  commonly  relies,  is  the 
amount  of  absorption  which  takes  place  upon  introducing  into  a  known  Tolume  of  gas 
a  bubble  of  chlorine  or  a  drop  of  oromine,  the  prindpu  hydrocarbons  to  which  gas 
owes  its  luminiferous  value  being  condensed  by  these  reagents  into  oily  oompoui^ 
These  methods  are,  however,  of  the  roughest  kind. 

An  accurate  result  may,  however,  be  obtained  by  substituting  for  chlorine  or  bromine 
a  £nigment  of  coke  saturated  with  Nordhausen  sulphuric  acid,  the  experiment  being 
made  over  mercury  and  the  absorption  being  allowed  to  ^  on  for  two  or  three  hours 
Subsequently  the  sulphurous  acid  produced  in  this  action  is  removed  by  a  ball  of  bin* 
oxide  of  manganese,  and  finally  aqueous  vapour  is  removed  by  a  ball  of  caustic  potash. 
The  quantity  of  cazbonic  acid  being  also  determined,  the  dmerenee  between  tne  two 
experiments  gives  the  amount  of  luminiferous  hydrooirbons  accurately.  The  value  of 
these,  being  in  proportion  to  the  carbon  they  contain,  is  ascertained  by  exploding 
portiona  of  gas  before  and  after  removal  of  the  hydrocarbons  with  excess  of  oxygen,  and 
comparison  of  the  amount  of  carbonic  acid  produced  in  each  case  respectively.  The 
difference  is  the  amount  due  to  the  carbon  of  the  luminiferous  constituents.  (For 
details  of  the  mode  of  analysis  of  such  a  mixture,  we  refer  to  MUler^M  Chemistry,  iL 
661,  to  Begnauifs  Cours  EUmentaire,  iv.  73,  to  CUg^t  JVeaUse  on  Coal-gcLB,  and 
more  partacularly,  for  the  most  recent  and  accurate  methods  of  operation,  to  BwnwrCa 
Gaaometry,  p.  107,  to  the  article  Analysis  (VoLXJUjrrBio)  ov  Gasbs,  in  this  Dictionary, 
and  to  the  article  Coal-qas  in  the  new  edition  of  Ur^s  IHeHonary  of  ArU,  Man-ufa^ 
iurea  and  Mines,) 

The  Bev.  W.  n,  Bowditch  proposes  to  determine  the  reUitive  illuminating  power  of 
coal-gas,  in  other  words,  the  proportion  of  ethylene,  propylene,  and  other  heavy  hydro- 
carbons contained  in  it,  by  the  mtensity  of  the  red  colour  which  they  impart  to  woody 
fibre  moistened  with  sulphuric  add.  When  rich  eoal-gas,  giving  the  light  of  20  to  26 
sperm  candles  from  consumption  of  5  ft  per  hour,  is  slowly  passed  throujgh  dean  deal 
aawduat,  well  moistened  with  pure  sulphuric  add  diluted  with  five  or  six  volnnes  of 
water,  so  that  it  may  not  blacken  the  sawdust,  that  substance  instantly  aoquirea  a 
beautiful  pink  colour,  which  gradually  deepens  to  a  dark  mahogany ;  with  a  poor 
gas,  which  gives  the  light  of  onfy  ten  or  twdve  candles  at  the  same  rate  of  consumption, 
the  coloration  is  £unt  at  first  and  deepens  very  slowly.  The  differences  of  coloration 
are  so  considerable  and  constant  that  they  may  perhaps  be  used  as  a  means  o£  deter- 
mining the  illuminating  value  of  the  gas.  By  uaing  a  standard  add,  the  same  kind 
of  sawdnst,  a  uniform  volume  of  gas,  and  the  same  sized  XT-tubes,  notation  of  time  and 
depth  of  colour  would  give  a  dose  approximation  to  the  light-giving  value.  (Proa 
B^.  Soc  xi  25,) 

Jjk  addition  to  the  constituents  estimated  by  these  operations,  it  is  frequently  im- 
portant to  determine  sulphuretted  hydrogen  and  bisulphide  of  carbon.  Their  presence 
IS  well  detected  bv  the  simple  and  useful  apparatus  of  Wright,  consisting  of  an  ar- 
rangement for  condensing  the  products  of  combustion  ftom  a  gas-jet,  and  testing  the 
conoensed  liquid  for  sulphuric  add. 

Their  amount  may  be  determined  by  passing  a  known  volume  of  gas  through,  Ist,  a 
solution  of  caustic  potash  in  water,  and,  2nd,  a  solution  of  the  same  reagent  in  alcohol 
The  former  absorbs  sulphuretted  hydrogen ;  the  latter  the  sulphide  of  carbon,  which 
it  converts  into  xanthate  of  potassium,  whidi  is  in  turn  deoompcMed  by  boiling.  Dilute 
solution  of  nitrate  or  acetate  of  lead  bdng  added,  sulphide  of  lead  is  predpitated,  and 
ita  amount  is  judged  of  by  comparison  of  the  shade  of  colour  produosd  in  the  liquid 
with  a  solution  containing  a  known  quantity  of  lead  predpitated  in  the  like  feorm. 

Another  method  of  detecting  sulphide  of  carbon  in  ooaf-gas,  is  to  pass  it  through  an 
ethereal  eolation  of  trietkylphosphint,  which  forms  with  sulphide  ol  carbon  a  compound 
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OTstallising  in  iplendid  rnby-red  prigma  (Hofmann,  Chem.  So&  Qu.  J.  ziiL  87). 
This  iB  a  much  more  delicate  test  than  the  preceding.  Hofinann  found  that^  on  pass- 
ing a  CQzrent  of  coal-gas  through  a  solution  of  four  or  five  drops  of  tristhjlphosphine 
in  ether  contained  in  a  bulb-apparatus,  a  distinct  red  coloration  iris  jMxidnoed  a£bet 
0*2  of  a  cubic  foot  of  gas  had  passed  through  the  liquid ;  and  after  0*8  of  a  cubic  foot 
had  passed,  the  whole  of  the  ether  had  evaporated,  and  the  inner  suxiaoe  of  tJis  bulb- 
apparatus  was  lined  with  a  beautiful  net-woik  of  the  ruby  crystals. 

jLastlj,  the  sulphide  of  carbon  may  be  easily  detected  by  a  method  which  likewise 
serves  for  its  removal.  For  this  method  we  are  indebt<!d  to  the  Rev.  W.  R.  Bow- 
ditch  (he.  cit)  It  consists  in  decomposing  the  sulphide  of  carbon  with  hydrogen, 
thereby  converting  it  into  sulphide  of  hydrogen,  which  U  easily  det<H!ted  and  removed 
by  the  usual  methods.  When  a  mixture  of  hydrogen  and  vapour  of  sulphide  of  carbon 
is  passed  through  a  tube  filled  with  slaked  Ume  or  clay,  which  has  becxo  dried  between 
400°  and  600°  Fahc,  and  is  kept  between  400°  and  600°  during  the  passage  cf  the 
ffaseous  mixture,  the  sulphide  of  carbon  is  completely  decompose,  the  lime  or  day  if 
blackened  by  a  deposit  of  carbon,  and  sulphur  sublimes  in  the  exit-tube,  while  sulphid* 
of  hydrogen  passes  through,  and  may  be  detected  by  acetate  of  lead.  The  same  eftct 
IS  produced  when  coal-gas  containing  sulphide  of  carbon  is  passed  over  heated  lime  or 
day,  the  free  hydrogen  in  the  gas  then  decomposing  the  sulphide  of  carbon  in  the 
manner  just  described.  This  method  may  be  a|^ed  on  the  large  scale  to  the  puri- 
fication of  coal-gas  horn  sulphide  of  carbon,  the  sulphuretted  hydrogen  resulting  frook 
the  decomposition  being  afterwards  removed  by  slaked  Ume  in  the  ordinary  way. 
Passing  the  gas  over  day  likewise  decomposes  ouier  volatile  sulphur-compounds  whidi 
are  not  removed  by  the  ordinary  mode  of  purification  with  lime.  These  oompoonda, 
including  sulphide  of  carbon,  have  long  been  regarded  as  the  most  troublesome  im- 
purities of  coal-gas.  The  sulphur  which  is  evolved  from  the  coal  as  sulphuretted  hy- 
drogen, is  easily  removed  by  slaked  Ume ;  indeed,  the  London  coal-gas  rarely,  if  ever, 
exhibito  the  sughtest  trace  of  this  compound.  But  it  always  contains  sulphide  of 
carbon  or  some  of  the  other  volatile  sulphur-compounds  just  mentioned,  the  proportion 
of  sulphur  contained  in  it  varying,  according  to  Hofinann  (loc.  cit\  fimn  6*68  to  I0*3S 
grains  in  100  cubic  feet  Now  the  sulphur  in  burning  produces  sulphurous  add,  which, 
besides  being  offensive  to  the  senses,  is  very  destructive  to  art-decorations,  bindings  ojf 
books,  &c.  The  removal  of  these  sulphur-compounds  will,  therefore,  do  away  witli 
the  greatest  existnig  objection  to  the  use  of  gas  in  dwelUng  houses. 

The  use  of  day  as  a  purifier  of  coal-gas  is  likewise  attended  with  other  advantag^^ 
as  it  absorbs  ammonia  and  other  nitrogen-compounds  which  diminish  the  light-giving 
power  of  the  gas.  This  effect  is  espedally  oons^cuous  when  the  gas  given  df  to- 
wards the  end  of  the  distillation  (p.  1036),  is  submitted  to  the  action  of  the  day. 

Clay  which  has  become  charged  with  tiie  impurities  from  ooal-gas^  may  afterwards 
be  used  as  a  manure. 

Secondary  Products  obtained  in  the  manufacture  of  Coid-^a$. 

After  a  charge  of  coal  has  been  worked  off  to  the  extent  considered  most  desirable, 
the  man-Uds  aro  removed  fix>m  the  rotorts,  and  the  residual  coke  raked  out  into  barrows, 
wheeled  away  and  quenched  with  a  jet  of  water.  Its  appearance  and  uses,  as  fiid  Ibr 
locomotives,  in  the  blast  fhmace,  and  in  a  vast  number  of  technical  operations,  are  too 
wdl  known  to  need  description,  nor  does  space  aUow  us  to  go  into  details  of  the 
numerous  processes  which  have  been  emploved,  with  moro  or  less  success,  for  the 
economical  proparation  and  purification  of  coke. 

The  Uquids  condensed  during  the  passage  of  the  gas  through  the  hydrauUc  mains 
and  condensers,  are  of  a  vexy  complex  character.  They  consist  eesentiaDy  of  two 
portions,  the  one  watery  and  the  other  tarry,  crude  coal-tar  varying  in  density  between 
1120  and  1150,  the  Ugntest  portions  containing  the  lai^st  proportion  of  Uquid  oils. 

The  basic  substances  contained  in  coal-tar  include  ammonia,  aniline,  picofinr, 
ehinoUne,  pyridine,  toluidine,  and  others  of  lees  importance. 

The  adds  indude  acetic  in  minute  quantitira,  rosoUc,  brunoUc,  &c,  but  prindpeUy 
phenic  or  carbolic  add.  The  neutral  portions  contain  benzene,  toluene,  cumene,  cymene 
(liquids) ;  naphthalene,  paranaphthsjene  or  anthracene,  duysene,  and  pyrrae  (soUds). 

The  oommerdal  distillation  of  coal-tar  is  performed  in  large  retorts,  holding  tcum 
200  to  600  gallons.  The  first  products  are  gaseous ;  next  pssses  watsr  charged  with 
ammoniacal  salts,  and  contaminated  with  black  oily  matter. 

The  proportion  of  oil  continues  to  increase,  while  that  of  wat«ry  products  dhninidiesL 
Finally,  after  from  6  to  10  per  cent  of  the  whole  has  passed  in  the  form  of  ^  Ught  ofl." 
the  product  becomes  heavier  than  water,  and  is  collected  apart  as  *^  kreasote  oil,'*  or 
"dead  oil"  used  extensivdy  for  the  pickling  or  antiseptic  prepsmtion  of  timber,  and 
for  burning  into  lamp-black.  Napbtoalene  and  other  solid  products  now  become  aboo- 
dant  and  the  oil  becomes  pasty.    Finally,  the  residue  in  the  retort  is  run  off  while  hot. 
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and  on  couling  beoomei  hard  and  brittle,  oonatitating  tupkalt^  a  product  used  in  the 
mannfacture  ot  coane  TamiBhes,  and  on  a  Tastly  larger  scale  in  laying  down  railway 
and  oilier  bridges,  as  a  means  of  protecting  their  masonry  from  the  infiltration  of  water. 

Tha  heaTT  oil  contains  a  Tanet^  of  hydrocarbons  <^  high  boiUne  point,  together 
with  carbolic  add,  to  which  latter  it  prorably  owes  its  antiseptic  qnuities. 

The  light  oils  obtained  in  the  abore  process  are  reetifled,  whereby  a  farther  portion  of 
heaTy  ous  is  separated  and  cmde  nt^Miha  obtained.  This  is  agitated  with  snlphurie 
add,  and  the  supernatant  liquid,  upon  carefhl  rectification,  yields  the  "highly  rectified 
naphtha''  or  "benzole"  of  commerce,  consisting  of  a  complex  mixture  of  at  least 
five  oils  boilinff  at  from  149^  to  S929  F.,  and  of  specific  grayity  -860  to  -890. 

The  watery  liquids  deposited  in  the  condenser  during  the  manufacture  of  gas,  are 
deroted  to  the  production  of  sulphate  and  chloride  of  ammonium.  They  are  usually 
lemoTcd  from  ine  gas-works  in  flats  or  canal  boats  of  known  capacity,  under  contracts 
commonly  taken  at  so  much  per  10,000  gallons. 

The  manufiicture  of  chloride  of  ammonium  direct  from  the  liquors,  is  conducted  on 
a  large  scale  in  liverpool,  and  consists  essentially  in  saturating  with  hydrochloric 
add,  concentrating  the  liquors,  crystallising  and  subsequently  subliming  the  erystals. 
A  hr  larger  portion,  howerer,  of  the  crude  gas-liquor  is  consumed  in  the  manufiicture 
of  sulphate  of  ammonium,  by  processes  which  consist  essentiaUy  of  distillation,  with 
addition  of  lime,  to  decompose  ammoniaeal  salts,  and  condensation  of  the  Tapour  in 
anlphuric  add,  concentration  and  crystallisation  of  the  solution  after  saturation  has 
been  eflected.  Sulphate  of  ammonium  is  employed  in  large  quantities  in  the  mauu- 
iketure  of  artificial  manures. 

The  above  are  the  chief  products  of  distillation  of  coal  at  high  temperatures,  while 
those  at  regulat<ed  low  temperatures  are  fi&r  difiTerent.  Under  the  latter  conditions, 
the  gaseous  products  are  reduced  to  their  minimum,  while  the  quantity  of  liquid  and 
solid  hydrocarbons  is  proportionatdy  increased. 

The  Boghead  Gannel  of  Bathgate,  near  Edinburgh,  is  extensirely  submitted  to  the 
process  of  slow  destructiye  distillation,  under  the  patent  of  Young,  while  successful 
efibrts  have  lately  been  made  by  Hr.  Blackwell,  of  Dudley,  to  turn  to  account  the  vast 
heaps  of  somewhat  bituminiferous  shales  or  "  batts  "  ejected  from  the  coal  mines  of 
Stafibrdshire. 

To  this  subject  we  cannot  farther  refer  than  to  remark  that  for  practical  purposes 
the  products  may  be  separated  into  three  portions. 

1.  Bemains  liquid  at  all  ordinary  temperatures  and  forms,  after  proper  purification, 
a  Taluable  burning  oil,  known  as  "  photogen." — 2.  Depodts  oystals  of  solid  hydro- 
carbons at  very  low  temperatures ;  used  extendTely  for  lubricating  machineiy  and 
known  as  "  paraffin  oiL" — 3.  Solid  or  semi-solid  products,  which  when  fireed  from  the 
oils  which  contaminate  them,  bj^  pressure,  &c  consist  chiefiy  of  paraffin  {q.  v.)  and  may 
be  employed  idone  or  mixed  wita  tallow,  stearin,  6bc  in  the  manufacture  of  candln. 

A.  W .  W^. 

OOBA&T.  Kobalt,  Cohaltum,— Symbol,  Co.  Atomic  Weight,  58*8. —The  use  of 
cobalt  for  imparting  a  blue  colour  to  glass,  appears  to  have  been  known  to  the  Greeks 
and  Romans,  thou^  most  of  their  blue  elasses  were  coloured  with  copper.  Some  of 
the  pigments  used  by  the  andent  Qreeks likewise  contained  cobalt.  The  use  of  cobalt 
finr  the  preparation  of  smalt  was  introduced  about  the  middle  of  the  sixteenth  century. 
The  metal,  in  an  impure  state,  was  first  extracted  by  Brandt  in  1733. 

Cobalt  is  not  a  rery  abundant  metal  It  occurs  as  an  arsenide,  called  tin-white  cobalt 
or  mnalHne:  as  sulpharsenate,  or  cobalt-glance;  as  arsenate,  or  cobalt-^oom ;  as  sul- 
phate and  as  UacJk  earthy  cobalt,  which  is  a  compound  of  protoxide  of  cobalt  with  per- 
oxide of  manganese.  It  also  occurs  in  small  quantity  in  otner  minerals — as  in  selenide 
of  lead,  cerite,  and  Flemish  coal.  In  the  metallic  state,  it  occurs  only  in  meteorites,* 
many  oif  which  contain  firom  0*1  to  1  per  cent,  of  it,  associated  with  iron  and  nickeL 

lireparaiion* — Cobalt  is  extracted  chiefiy  from  smaltine  and  cobalt-glance,  or  from 
the  impure  arsenate  obtained  by  roasting  these  ores.  The  roasting  has  the  effect  of 
driyinff  oflTa  condderable  portion  of  the  arsenic,  which  escapes  as  arsenious  oxide,  and 
is  condensed  in  the  manner  described  under  Anoncio  (L  366).  The  roasted  product 
consists  essentially  of  bade  arsenite,  arsenate  and  sulphate  of  cobalt,  together  with 
iron,  nickel,  and  in  smaller  quantity  bismuth,  tin,  copper,  and  manganese.  When 
prepared  on  the  large  scale,  it  is  mixed  with  twice  its  weight  of  siliceous  sand,  and 
sent  into  the  market  under  the  name  of  gaffre,  which  is  usS  for  giving  a  blue  colour 
to  j^AMi  enamds,  and  pottery  glaae. 

The  preparation  of  a  pure  oxide  of  cobalt  from  the  native  minerals  or  the  roasted 
ore,  is  effected  by  one  of  the  following  processes : 

1.  Cobalt  or  smaltine  is  dissolved  in  nitric  add,  or  in  dilute  sulphuric  or  hydio- 
ehlorie  acid,  to  which  a  little  nitric  add  is  added, — or  the  roasted  ore  or  earthy 
eobalt  is  dissolved  in  sulphuric  or  hydrochloric  add  alone ;  the  filtered  solution  is 
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evaporated  nearly  to  diyneiB,  a  large  quuitity  of  arsenioiia  acid  then  separating  oat ; 
and  the  liquid  is  largely  diluted,. separated  inm  the  azsenioaa  acid,  and  treated  vith 
sulphuretted  hydrogen  aa  long  as  the  sulphides  of  arsenic,  copper,  and  biamnth  (to* 
gether  with  tin)  eontinne  to  be  precipitated.  The  solution  is  then  filtered,  and  heated 
till  the  excess  of  sulphuretted  hydnigen  is  expelled  and  the  protoxide  of  iron  oon- 
Terted  into  sesquiozide ;  carbonate  of  sodium  is  then  added  in  excess,  while  the  liquor 
is  hot,  to  precipitate  the  nickel  and  cobalt  in  the  form  of  carbonates,  and  the  iron  as 
sesQuiozide.  The  precipitate  is  then  well  washed  and  digested  with  excess  of  aqueous 
oxslic  acid ;  the  stuuble  ferric  oxalate  is  separated  by  filtration  &om  the  oxabUes  eft 
nickel  and  cobalt^  which  are  insoluble  eren  in  excess  of  oxalic  acid;  and  the  latter 
salts  are  triturated  with  dilute  ammonia  (it  should  be  strong  ammom'a  according  to 
Stromeyer)  and  dissolved  in  excess  of  the  ammonia,  by  agitation  and  gentle  heating 
in  a  dose  vesseL  The  filtered  solution,  after  exposure  to  the  air  for  sevierml  days, 
deposits  the  oxide  of  nickel  in  combination  with  oxalic  acid  and  a  small  quantity  of 
ammonia,  while  pure  oxalate  of  eobalt  remains  in  solution.  (The  oxalate  of  nickel 
separated  as  above  may  be  freed  from  the  small  quantity  of  cobalt-salt  which  &Ub 
down  with  it^  by  washing  with  water,  re-dissolving  in  ammonia^  exposing  the  Uqm'd 
to  the  air,  and  separating  the  solution  which  oontams  the  cobalt  from  the  nickel  pre- 
cipitate, ih&  pxaity  of  wmch  increases  at  each  repetition  of  the  process.)  The  remdne 
obtained  by  evaporating  the  ammoniacal  solution  of  the  oxalate,  yields  sesquioxide  of 
eobalt  when  igmted  in  the  air,  and  metallic  cobalt  if  ignited  oat  of  contact  of  air* 
(Lauffier.) 

2.  To  avoid  the  tedious  passing  of  sulphuretted  hydrogen  through  the  liquid,  the 
arsenic  acid  may  be  precipitated  by  first  mixing'  the  dilute  solution  with  a  ferric  aalt, 
and  then  adding  carbonate  of  potassium  in  smafl  successive  portions  and  with  constant 
agitation,  as  lon^  as  the  precipitate  continues  to  exhibit  a  white  or  brownish  colour 
(arsenate  of  feme  oxide) ;  till,  in  short,  a  filtered  sample  of  the  liquid  gives  a  reddish 
precipitate  with  a  small  quantity  of  carbonate  of  potassium.  If  the  quantity  of  ferric 
oxide  be  sufficient^  and  the  proportion  of  carbonate  of  potassium  rightly  adjusted,  the 
whole  of  the  arsenic  acid  and  fSerric  oxide  may  be  precipitated.  If  the  oopper  and 
bismuth  be  then  removed  by  sulphuretted  hydrogen,  it  only  remains  to  sepamte  the 
nickel  from  the  cobalt    (Berthier.) 

3.  Finely  powdered  cobalt-ore  is  carefully  roasted,  and  1  pt.  of  it  added  in  sac- 
cessive  small  portions  to  3  pts.  of  add  sulphate  of  potassium  heated  to  the  melting 
point  in  an  euthen  or  cast'Uon  crucible.  The  mass,  which  is  therebpr  rendered  pasty. 
IS  then  more  strongly  heated  till  it  fuses  quietly  and  no  longer  gives  otf  fumee  of 
sulphuric  add,  as  it  is  necessary  to  drive  away  the  excess  of  that  add.  The  mass, 
while  yet  liquid,  is  then  taken  out  of  the  crudble  with  an  iron  spoon — broken  to 
pieces  after  cooling — dissolved  in  boiling  water,  and  filtered  from  the  arsenates  of 
iron  and  cobalt,  which  are  not  soluble  in  a  neutral  liquid.  Sulphuretted  hydrogen  is 
then  passed  through  the  filtrate  to  throw  down  any  antimony,  bismuth,  or  oopper  that 
may  be  present  — the  liquid  again  filtered,  and  pure  carbonate  of  cobalt  predpitated  bv 
carbonate  of  potaadum.  To  prevent  the  formation  of  arsenate  of  cobslt,  the  roasted 
cobalt-ore,  before  fbdon  with  sulphate  of  potassium,  may  be  mixed  with  a  small 
quantity  of  ferrous  sulphate,  so  that  the  arsenic  add  may  combine  with  the  osida  of 
iron  contained  in  that  salt  in  preference  to  the  oxide  of  cobalt.  No  nickel  is  taken 
up  by  the  liquid,  because  the  sulphate  of  nickel  is  decomposed  at  a  red  heat  [not  so, 
however,  the  sulphate  of  nickel  and  potasdum,  unless  the  heat  applied  is  very  strong]. 
The  solution  retains  but  a  trace  of  iron  at  the  utmost  (Liebig,  ^ogg.  Ann.  zviii,  164.) 

4.  One  part  of  pulverised  smaltine  or  cobalt-glance  is  fused  in  a  oovei^d  earthen 
emdble  with  3  pts.  of  carbonate  of  potassium  and  3  pts.  of  sulphur,  whereby  the 
whole  of  the  metals  present  are  converted  into  sulphides,  and  sulphide  of  potsASium  is 
formed,  which  unites  with  the  sulphide  of  arsemc,  forming  a  soluble  smphaxwaiate. 
The  heat  must  be  so  regulated  that  the  sulphide  of  cobalt  may  not  fhse,  bat  mnain  ia  the 
form  of  a  crystalline  powder,  because,  if  fusion  takes  place,  portions  of  the  ■alpbaaeiMte 
of  potasdum  will  be  enclosed  in  the  fused  mass,  and  will  be  difficult  to  wash  out  ^e 
mass  is  then  freed  from  sulpharsenate  of  potasdum  by  repeated  exhaostion  with  water 
and  decantation ;  again  treated  with  carbonate  of  potasdum  and  sulphor,  and  then  with 
water  to  remove  the  rest  of  the  arsenic;  afterwards  dissolved  in  nitric  acid  or  in 
dilute  sulphuric  add  mixed  with  nitric;  the  solution  is  treated  with  salphurettad 
hvdrogen  to  remove  any  remaining  arsenic,  together  with  bismuth  and  oopper ;  and  th« 
filtered  liquid  is  treated  as  in  method  5,  to  separate  the  cobalt  from  nidul  and  cma. 
(Wohler,  Pogg.  Ann.  vi.  277.) 

6.  To  obtain  cobalt  from  black  earthy  cobalt  ore,  the  mineral  is  dissolved  in  l^dro 
chloric  add ;  the  arsenic,  antimony,  lead,  and  copper  are  predpitated  by  soljvhsretled 
hydrogen ;  the  filtrate  is  boiled  with  nitric  acid  to  promote  the  further  esidatioa  af 
the  iron ;  the  iron  is  precipitated  by  boiling  with  acetate  of  sodium,  and  the  eobalt 
separated  from  the  filtrate  by  sulphuretted  hydrogen,  which  leaves  acetate  of  mangii* 
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B4M}  nndeoompowd.  Th«  precipitate  is  froe  from  nickel,  but  oontainB  a  trace  of  dne. 
Th«  liquid  freed  from  anenic  and  copper  by  sulphuretted  hydrogen  may  likewise  be 
precipitated  by  sulphide  of  potaasium  or  barium,  and  the  washed  precipitate  treated 
with  cold  dilute  hydrochloric  acid,  which  dissolves  the  sulphides  of  manganese,  sine, 
and  iron,  and  leaves  all  the  sulphide  of  cobalt  undiiisolyed.  (Wackenroder,  N.  Br. 
Arch.  xtL  183.) 

The  greatest  difficulty  in  the  preparatioB  of  pure  cobalt-compounds  is  the  separation 
of  the  nickeL  Laugier's  method  (vid,  sup,),  affords  the  means  of  obtaining  a  cobalt  so- 
lution free  from  nickel;  but  it  leaves  a  certain  portion  of  the  cobalt  in  the  nickel  pre- 
cipitate. For  more  complete  modes  of  separation,  adapted  to  quantitative  analysis  see 
Cobalt,  Bbtbotion  amd  Estdcahox  of  (p.  1046\ 

M^iallie  Cobalt — Cobalt  is  reduced  from  its  oxides  by  ignition  with  charoosl 
more  easily  than  iron,  or  the  difficultly  fusible  brittle  metals ;  when  thus  redooed, 
however,  it  contains  carbon.  The  purest  metal  is  obtained  by  igniting  the  oxalate  in 
a  covered  crucible,  the  salt^  Co*C^\  being  then  resolved  into  2  at  cobalt  and  2  at 
carbonic  anhydride.  li  the  oxalate  or  the  mixture  of  oxide  and  charcoal  be  covered 
with  pounded  glass  free  from  reducible  metals,  and  heated  in  a  blast-f^imace,  the  co- 
balt is  obtained  in  the  form  of  a  frised  regulus.  Cobalt  may  also  be  reduced  frt>m  its 
oxides  by  hydrogen ;  and  if  the  heat  applied  be  not  very  great  the  reduced  metal  is 
jyyropboric,  like  iron  reduced  under  similar  circumstances,  and  takes  fire  oii  coming 
in  contact  with  the  air,  producing  cobaltoso-cobaltic  oxide. 

Cobalt  rendered  compact  by  fusion  is  rather  hard,  has  a  granular  fracture,  and  ia 
somewhat  malleable  at  a  red  heat  The  presence  of  arsenic,  mansanese,  &C.,  rendeia 
it  brittle.  It  has  a  steel-grey  colour,  inchning  to  red ;  in  the  poliuied  state,  however, 
ralber  to  white.  The  statements  respecting  its  specific  gravity  vary  from  8*618, 
(Berselius),  to8*7(Lampadius).  That  of  the  metal  reduced  by  hydrogen  was  found 
by  Rammelsbeig,  in  five  experiments,  to  vary  from  8*132  to  9*496;  mean  8*967. 
Specific  heat  -  010696  (Regnault),  01172  (De  la  Rire  and  Marcet).  It  ftises 
more  easily  than  iron,  less  easily  than  gold.  It  is  attracted  by  the  magnet  uid  is 
capable  of  receiving  a  slight  magnetic  power  when  rubbed  with  a  magnet  this  power, 
according  to  Pouulet  not  being  destroyed  by  the  strongest  red  heat  A  minute 
quantity  of  arsenic  destroys  the  magnetic  power. 

Cobsit  is  not  altered  by  the  action  of  air  and  water  at  ordinary  temperatures,  but 
when  very  strongly  heated,  it  takes  fire,  and  is  converted  into  cobaltoso-cobaltic  oxide, 
OffO*.  It  decomposes  aqueous  vapour  at  a  red  heat  It  is  dissolved  by  hydracids  and 
by  dilute  oxygen  acids,  with  evolution  of  hydrogen,  slowly  however,  and  only  when 
heated.  The  solutions  have  a  fine  red  colour,  and  contain  salts  corresponding  in  com- 
position to  the  protoxide.  It  is  easily  dissolved  by  nitric  acid,  likewise  forming  a 
ptoto-salt 

Cobalt  forms  several  classes  of  compounds,  the  most  numerous,  and  generally  speak- 
ing the  best  defined  being  the  di-oompounds  or  cobaltous  compounds,  e,  g,  CoCl*, 
CoO,  CoS,  CoSO^,  && ;  there  are  likewise  cobaltic-  or  tri-compounds,  e.  a.  CoK>*, 
Co^* ;  thI^M  oxides  intermediate  between  the  two  preceding ;  a  dioxide,  CoO',  a  disul- 
phide,  Co?*,  a  tricobaltic  phosphide,  Co*!*",  and  several  classes  of  salts  containing  bases 
m  which  cobalt  is  united  with  the  elements  of  ammonia. 

COBA&Tf  A&&01B  07.  Cobalt  unites  readily  by  fusion  with  antimony  and 
arsenic,  the  combination  being  attended  with  incandescence ;  the  resulting  alloys  are 
brittle,  and  have  an  iron-grey  colour. 

Diarsenide  of  Cobalt,  CoAa*,  is  found  native  as  smaltine  or  tin -white 
cobalt  being  in  ftict  the  most  abundant  of  cobalt  ores.  It  occurs  in  aystaJs  belong- 
ing to  the  regular  system,  vis.  cubes,  octahedrons,  dodecahedrons,  and  intermediate 
forms.  Cleavaffe  octahedral,  distinct ;  cubic,  in  traces.  It  occurs  also  massive  and  is 
reticulated  and  other  imitative  shapes.  Specific  gpravity  6*8  to  6*6.  Hardness  6-6, 
Lustre  metallic.  Colour  tin-white,  inclining  sometimes  to  steel-grey,  sometimes  to 
silver-white.  It  tarnishes  by  exposure.  Streak  greyish-black.  Brittle.  Emits  a 
smell  of  arsenic  when  broken.  It  yields  no  sublimate  when  heated  in  a  test-tube ; 
but  in  a  tube  open  at  both  ends  a  sublimate  of  arsenious  acid  is  formed.  It  diasolvea 
in  nitric  acid,  leaving  a  residue  of  arsenious  acid. 

Arsenide  of  cobalt  is  never  found  ^uite  pure,  the  cobalt  being  always  more  or  lesa 
Kplaced  by  nickel  or  iron ;  those  varieties  which  contain  more  nickel  than  cobalt  are 
called  Cloanthite  (see  Nigkxl).  The  following  are  analyses  of  smaltine  containing 
little  or  no  nickel;  a,  from  lUechelsdorf  in  Hesse,  by  Stromeyer  (Gott  gelehrte 
Anzeige,  1817,  p.  72) ;  6,  from  Tunaberg  in  Sweden,  by  Varrentrapp  (Fogg.  Ann. 
slviiL606);  o,  from  Schneebcrg  in  Saxony,  by  E.  Hofmann  (ihi£,  zxv.  486^;  d, 
from  the  same  locality,  by  v.  K^ll;  e.  from  Rtechtl^doiC  by  Jickel  {^Bamnultbtfy'M 
Mineratckemie,  p.  23) :  -^ 
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the  fonxrala  CoAb*  recjuirefl  71*8  As  and  28*2  Oo.  When  the  proportion  of  ivou  ,9 
eoDsidenble,  as  in  0,  d,  e,  the  mineral  is  also  ealled  Saffiorite,  The  ocnnposttion  of  « 
agrees  more  nearly  with  the  formula  (Co ;  Fe)'As'.  CkaHuimUe^  from  Chatham  in 
Connectieat,  is  chieBy  an  arsenide  of  nickel  and  iron  oontaining  1*8  per  oent.  odbak. 

Smaltine  occurs  altered  to  cobalt-bloom  by  oxidation. 

Triar$$nide  of  Cobalt.  Co*As'. — ^This  compound  also  oconn  oatm  as 
Skutterudite  or  Modumite  n^eueralkka,  HartkoboHkieM,  Hartkob4iii\  at  Skat- 
terud,  near  Modum  in  Norway.  It  OTstaUises  in  the  regular  aystera,  ezhibitiag  faeei 
of  the  cube,  octahedron,  dodecahedron,  and  trapeeohedron.  Cleavage  eabic,  distinct : 
dodecahednl  in  traces.  Also  massiye,  granular.  Specific  gravity  6*74—6 '84.  Hard- 
ness B  6.  Lustre  bright  metallic.  Colour  between  tin-white  and  pale  grey,  some- 
times iridescent  A  crystallised  specimen  analysed  by  Wohler  (Pogg.  Aim.  zliii 
591),  gave  792  As,  18-6  Co,  1*3  Fe  «  99*0,  the  formubi  requiring  78'2  per  eenC  As 
and  20'8  Ca  This  mineral  heated  in  a  closed  tube  yields  a  sublimate  of  metaltit 
arsenic. 

When  smaltine  is  ignited  in  a  retort,  part  of  the  arsenic  is  ezpeUed,  and  there  re- 
mains a  lower  arsenide  of  cobalt,  which  is  non-magnetic,  and  fiises  before  the  blow* 
pipe  to  a  brittle  metallic  globule.  In  cobalt-blue  works,  crystallised  aUoys  of  cobalt 
and  aisenu^  are  often  formed,  containing  also  copper  and  icon.  (Scheerer  and 
Francis,  Fogg.  Ann.  1.  613.) 

With  X  of  its  weight  of  gold,  cobalt  forms,  according  to  Hatehett,  a  dadt  yellov 
Tery  brittle  compound;  even  ^  pt  of  cobalt  is  sufficient  to  render  gold  brittlei 

The  alloy  of  cobalt  with  iron  is  vezy  hard  and  difficult  to  pnlTonse. 

With  mercury,  cobalt  forms  a  sUyer-white  amalgam,  iniich  is  attracted  bjthe 
magnet 

With  platinum,  it  forms  a  fusible  compound. 

When  cobalt  is  i^ed  with  silver,  two  layers  are  formed,  the  lower  consisting  of 
cobaltiferous  silver,  the  upper  of  argentiferous  cobalt;  a  small  quantity  of  cobalt 
renders  silver  brittle.  . 

With  tin,  cobalt  forms  a  somewhat  ductile  alloy  of  light  violet  colour. 

With  sine,  it  unites  only  with  great  difficulty,  also  with  lead  and  bismuth,  whiA 
exhibit  with  cobalt  the  same  deportment  as  silver. 

COBAATf  BBOma  or.  CoBr*. — Cobalt  takes  up  bromine-vapour  at  a  dnil 
red  heat,  fbnnin£[  a  green  compound  which  melt^  and  at  a  higher  temperature  sofibt 
partial  decomposition.  The  compound  deliquesces  rapidly  in  the  air,  forming  a  red 
liquid.  The  same  solution  is  obtained  by  heating  finely  £vided  cobalt  with  bromine 
and  water.  It  turns  violet-red  on  evaporation,  and  leaves  a  green  mass  when  evapo- 
rated  to  dryness.  By  evaporating  the  solution  over  oil  of  vitriol,  red  czystals  of  the 
hydrated  bromide  acid  are  obtained,  which  soon  effloresce  in  the  dry  air  of  *he  receiver, 
but  deliquesce  when  exposed  to  tiie  air  in  its  ordinary  state.    (Rammtlsberg.) 

A  solution  of  the  bromide  forms,  with  excess  of  affMnoma;  a  bine  predpitafte^  vliieh 
'  turns  green  on  exposure  to  the  air,  and  a  red  solvtion  w^iieh  tarns  brown  in  the  a», 
and  then  sometimes  deposits  red  (quadratic  tables,  perhaps  oonaisting  c/t  a  oompovnd 
of  Co^Bi*  with  bromide  of  ammonium.     (R a m  m  e is b e r g. ) 

Bromide  of  cobalt  absorbs  ammonia-gas,  forming  ammonio-bromideof  cobalt, 
fiNH'.CoBr*,  a  red  powder  which  gradually  turns  brown,  and  is  resolved  by  water  into  a 
brown  solution,  and  an  insoluble  green  residue  containing  bromine.  (Bammelsberg.) 

COBA&T,  <»i&OBn>B8  OV.  The  dichloride,  CoQ*,  is  formed,  with  vivid 
incandescence,  when  pulverulent  cobalt  is  heated  in  a  stream  of  chlorine-gas;  it  then 
sublimes  in  blue  crystalline  scales.  It  is  also  produced  in  the  wet  wav  by  diasolvii^ 
cobalt  or  the  protoxide  in  hydrochloric  acid,  hydrogen  being  evolvea  in  the  former 
case,  or  by  heating  the  sesquioxide,  or  oobaltoso-coWtic  oxide  (Co*0*),  with  hydro- 
chloric acid,  its  formation  being  then  attended  with  evolution  of  chlorine.  The  aoln- 
tion  is  jpink,  and  yields  by  evaporation  nonrdeliquescent  crystals  of  the  same  oolour, 
eonsisting  of  hydbrated  chloride  of  cobalt  But  if  Hxe  pink  solution  be  mixed  with 
strong  hvdrochloric  or  sulphuric  acid,  it  turns  blue  iJie  more  readily  as  it  is  mora  eon- 
centrated  axid  more  strongly  heated.  The  effeot  sppears  to  be  due  to  Uie  abstraetion 
of  the  crystallisation-water  by  the  strong  acid.  A^yjoH'^g  to  Proust,  such  a  aolutiuD 
sometimes  deposits  the  blue  crystals  of  the  anhydrous  chloride.  The  red  ooloor  is  i^ 
stored  by  dilution  with  water.    By  evaporating  the  solution  to  diyneas,  or  hj  he«tin^ 
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&•  hydcated  <srjBtal%  hydroehlorie  add  ia  Cfolved,  and  a  grecniih  blae  masa  ia  obtained, 
ecHniatjag  of  an  ozyehlorida  (Berselina),  wlueh  ia  decomposed  at  a  higher  tampera- 
tan,  yialdiiig  a  eablimate  of  anhydrona  chloride,  and  leaving  an  ozidiaed  oompoimd. 

The  fnUimad  chloride  forma  soft  loose  cryatalline  spangles,  nnctnona  to  the  touch, 
and  of  li£[ht  bine  colour.  On  expoeore  to  the  air,  it  takes  np  arater  and  beoosiss  rose« 
nd,  and  is  then  easily  dissolyed  by  vater,  forming  a  red  eolation;  bat  if  not  previonsly 
hydrated  in  this  manner,  it  is  Teiy  slowly  dissoli^  by  water. 

The  red  solution  forms  a  sympathetie  ink.  Ghanotfrs  written  with  it  on  Pjapar  are 
eolonrlees  and  inriaibla  or  nearly  so ;  bat  when  the  paper  is  wanned  by  holding  it  near  a 
Are,  the  writing  becomes  Tisible  and  appears  of  a  beantifol  bla&  After  a  while,  aa  the 
salt  absorbs  moisture,  the  colour  disappears,  but  may  be  reproducad  \rr  the  action  of 
heat.  If  the  paper  be  exposed  to  too  nigh  a  temperature,  tine  writing  becomes  black, 
and  does  not  afterwarda  disappear.  The  addition  of  a  niekel^salt  to  the  solntion  gires 
a  green  instead  of  a  blue  colour. 

Amnumio-ekhride  of  Cobalt,  4KH'.GoCl*,  obtained  by  paesing  ammonia-gas  over 
the  heated  chloride,  ie  a  bulky  powder  of  a  pale  reddish-white  colour.  With  water  it 
fonns  a  red-brown  solution,  and  Isares  a  green  powder.    (H.  Rose.) 

Trichloride  of  Cobalt^  Co'Cl',  ?s  a  very  unstable  compound,  formed  by  dia 
solving  hydrated  ccbaltic  oxide  in  cold  hydrochloric  acid.  A  brown  solution  is  thus 
obtained,  which  begins  to  erolTC  chlorine,  and  pass  into  the  protochloride,  this 
effect  taking  place  instantly  on  heating  the  liquid.  The  sesquichloride  is  also  formed 
in  small  quantity  when  chlorine  is  passed  through  a  solution  of  the  protochlorida 
oiixed  with  hydrochloric  add,  the  liquid  then  assuming  a  darker  colour. 

C08AX«<  BSTBCTSOV  AVB  S8TZMATXOV  Ol".  1.  Blowpipe  Re- 
actions,— All  compounds  of  cobalt  fused  with  borax  or  phosphorus-salt  before  the 
blowpipe,  either  in  tbe  inner  or  the  outer  flame,  impart  a  splendid  blue  colour  to  the 
bead,  affixding  an  extremely  delicate  test  of  the  presence  of  the  metal  The  produc- 
tion of  tba  blue  colour  in  both  flames  distinguishes  cobalt  from  all  other  metals.  If 
the  substance  under  examination  contains  a  huge  (quantity  of  manganese  or  iron,  as 
well  as  cobalt^  the  bead  fonned  in  the  outer  flame  is  violet  in  the  former  case,  green 
in  the  latter.  If  the  glass  be  then  heated  in  the  reducing  flame,  the  manganese  colour 
dis^peais,  and  that  of  iron  changes  to  bottle  green,  the  glass  then  exhibiting  either 
jhe  pure  blue  due  to  cobalt,  or  the  greenish  blue  of  a  mixture  of  cobalt  and  iron. 

Cobaltrsalts  mixed  with  carbonate  of  sodium,  are  reduced  on  charcoal  to  a  gray 
magnetic  powder  of  metaUic  cobalt 

2.  Beaetione  in  Solution, — Solutions  of  proto-salts  of  cobalt  or  co- 
baltoos  salts  have  a  jose-red  colour,  exerting  when  they  are  veiy  concentrated  and 
contain  a  free  add,  in  which  case  they  are  blue;  dilution  with  water  changes  the  blue 
iSolour  to  red  (p.  lUi2)«  Theneutnl  soUitiona  fiuntly  redden  litmus.  BtdpHydric  acid 
produces  no  predpitate  in  cobalt  solntiona  containing  an  exoeai  of  either  of  the  stronger 
acids ;  but  m  a  solution  of  the  acetate,  or  of  any  cobalt-salt  mixed  with  acetate  of 
potassium  it  forms  a  black  precipitate  of  sulphide  of  cobalt.  Alkaline  erdpkidee  throw 
down  the  same  predpitate,  insoluble  in  excess  of  the  reagent 

Potash  or  aoda  forms  in  cobaltous  solutions  a  blue  precipitate  of  a  basic  salt,  which 
is  insoluble  in  excess  of  the  reagent,  assumes  a  green  or  dirty  bluish-grey  colour  on 
exposure  to  the  air.  from  formation  of  ses^uioxide,  but  if  protected  from  the  air,  is  con- 
verted into  the  hydrated  protoxide  of  a  dingjr  red  colour.  This  last  change  takes  place 
quickly  on  heating  the  hquid,  even  if  the  air  be  not  excluded.  A  solution  of  nroto- 
chloride  of  cobalt  containing  a  little  sesquichloride,  yields  with  potash  a  preapitata 
which  does  not  diange  to  mngy  red,  even  on  boiling,  but  merefy  aoquirea  a  wker 
colour. 

Ammonia  added  in  small  quantity  to  a  cobaltous  solution  forms  a  blue  predpitate 
consisting  of  a  basic  salt,  which,  by  continued  digestion  with  ammonia  out  of  contact 
of  air,  is  converted  into  rose-red  hydrated  cobaltous  oxide,  the  change  being,  however, 
much  slower  tiian  when  a  fixed  alkali  is  used  as  the  predpitant.  In  contact  with  the 
air,  the  predpitate  becomes  green.  If  more  ammonia  be  added,  it  dissolves  and  fonns 
a  biowmah-red  liquid,  which,  if  exposed  to  the  air,  absorbs  oxygen,  becomes  red-brown, 
and  then  contains  salts  of  various  bases,  consisting  of  the  dements  of  ammonia 
united  with  tbe  higher  oxidra  of  cobalt  (see  Cobajut-Basbs,  AiatoviACAiX  If  the 
solution  contains  but  a  small  quantity  of  ammoniacal  salts,  which  will  be  the  case  if 
the  original  cobalt  solution  was  neutral,  potash  produces  in  it  a  predpitate  of  hy- 
drated sesquioxide  of  cobalt;  but  if  chloride  of  ammonium  be  added,  or  if  the  original 
solution  contained  an  excess  of  add  which  has  been  neutralised  by  the  ammonia, 
potash  produces  no  predpitate. 

Neutral  carbonate  qf^amum  or  eoelium,  forms  a  rose-coloured  predpitate  of  hydro- 
carbonate  of  cobalt,  vhieh,  when  boilad.  givea  off  carbonic  add,  and  assumes  a  violet, 

SxS 


1044         COBALT:  DETECTION  AND  ESTIMATION 

or,  if  the  alkaline  carbonate  is  in  excess,  a  bine  colour.  If  the  precipiUite  be  hoiUd 
for  some  time  in  contact  with  the  air,  its  colour  changes  to  green.  A  solution  of  ^dd 
^  carbonate  of  potassium  forms,  in  neutral  cobaltous  solutions,  a  roce-oolotuwl  precipi- 
tate, with  evolution  of  carbonic  acid,  the  liquid  retaining  a  reddish  cokmr  which  it 
does  not  lose  for  a  very  long  time.  The  precipitate  ultimately  changes  to  a  mass  of 
small  rose-coloured  crystals,  consisting  of  a  compound  of  neutral  carbonate  of  cobalt 
with  acid  carbonate  of  potassium.  Frequently,  also,  there  is  formed  a  compact  preci- 
pitate, destitute  of  crystalline  structure,  and  consisting  of  a  compound  of  neutral  eai^ 
bonate  of  cobalt  with  a  very  small  quantity  of  cobaltous  hydrate.  —  Carbonate  of 
ammonium  produces  a  red  precipitate  of  carbonate  of  cobalt,  soluble  in  excess  of  ths 
precipitant  and  in  chloride  of  ammonium ;  the  solution  does  not  turn  brown  in  oontafCt 
with  the  air. 

Carbonate  of  barium  does  not  in  general  precipitate  cobaltous  salts  at  ordinaiy 
temperatures ;  from  a  solution  of  the  sulphate,  however,  the  greater  part  of  the  cobalt 
is  precipitated  after  a  very  long  time,  so  that  the  remaining  liquid  is  nearly  oolouriesa 
From  a  solution  of  the  chloride,  no  precipitation  takes  place  in  the  cold,  but  by  pn>- 
lon^ed  boiling,  the  whole  of  the  cobalt  is  precipitated. 

Oxalic  acid  produces,  after  some  time,  a  faintly  reddish  white  precipitate,  which 
gradually  increases,  the  whole  of  the  cobalt  being  ultimately  thrown  down  as  oxalate. 
The  precipitate  is  soluble  in  ammonia,  less  easily  in  carbonate  of  ammonium.  The  rose- 
coloured  ammoniacal  solution,  when  exposed  to  the  air,  very  slowly  depoeita  the  oxalate. 

Phosphate  of  sodium  produces  in  neutral  cobaltous  solutions,  a  blue  precipitate  of 
cobaltous  phosphate,  soluble  with  red  colour  in  excess  of  the  cobalt-solution,  diepoated 
again  on  boiling,  and  redissolving  as  the  liquid  cools. 

Cyanide  of  potassium  produces  a  red-brown  precipitate  oomi^etely  soluble  in  exoeak 
The  solution  has  a  grass-^;reen  colour,  changing,  after  a  while,  to  pale  brown,  aad 
yields,  with  hydrochloric  acid,  a  reddish- white  precipitate,  soluble  in  potash.  Sulphide 
of  ammonium  does  not  precipitate  the  cobalt  from  this  solution,  even  after  a  long  time. 

Ftrrocyanide  of  potassium  produces  a  men  precipitate  of  ferrocyanide  of  cobalt, 
changing  after  a  while  to  grey;  insoluble  m  hydrochloric  add.  Ferricyanide  oi  yc^La^ 
tium  produces  a  reddish-brown  precipitate,  likewise  insoluble  in  hydrochloric  aad. 

Brown  peroxide  of  lead  mixed  with  the  solution  of  a  cobaltous  salt,  predpitates 
nearly  all  the  cobalt,  after  some  time,  in  the  form  of  sesquioxide ;  the  reaction  is 
accelerated  by  heat 

The  non-precipitation  by  sulphydric  acid  in  presence  of  free  mineral  adds,  and  the 
reactions  with  alkalis, — espedally  the  formation  of  a  brownish-red  solution  with  excca 
of  ammonia,  from  which  sulphide  of  ammonium  throws  down  a  black  predpttate, — sn 
together  suffident  to  distinguish  cobaltous  solutions  from  all  others.  The  bkrwpips 
rea(*tion  will  of  course  be  resorted  to  as  a  confirmatoxy  test. 

Manv  non-volatile  organic  substances,  such  ss  tartaric  acid,  prevent  the  predpitatioB 
of  cobalt  by  alkalis,  but  not  by  sulphide  of  ammonium. 

Tri-salts  of  cobalt,  or  cobaltic  salts. — The  liquid  formed  by  pasiing 
chlorine  into  a  solution  of  a  cobaltous  salt^  or  by  treating  it  with  chlorate  of  poU«iuft 
and  hydrochloric  add,  till  it  assumes  a  brown-red  colour  and  smells  stroQ^y  of 
chlorine,  exhibits  the  following  reactions :  — 

Sulphydric  acid  produces  no  predpitate,  but  only  a  milkiness  arising  from  sepsntiaa 
of  sulphur,  the  solution  at  the  same  time  acquiring  the  ruse-red  colour  chsraeteristie 
of  cobaI;uus  salts.  Sulphide  of  ammonium^  after  saturation  of  the  free  add  by  soh 
monium,  produces  a  black  predpitate  of  sulphide  of  cobalt.  Potask,  a  dark  black- 
brown  predpitate  of  hydrated  cobaltic  oxide.  Ammonia,  a  browniish-red  Bolutins, 
which  does  not  change  by  contact  with  the  air.  Carbonates ofpoiastium  and mdiwrn' 
green  solution  which  deposits  a  small  quantity  of  sesquioxide.  Ferrocyamids  ofpoias' 
sium,  a  green ;  and  ferricyanids  of  potassium,  a  brownish-red  predpitate.  OtdK 
acid  slowly  produces  a  predpitate  of  cobaltous  oxalate. 

3.  Quantitative  estimation. — Cobalt  is  generally  predpitated from  its  sohiHoas 
by  caustic  potash.  The  basic  salt  at  first  thrown  down  is  converted  into  hydrate 
(p.  37)  by  boiling  in  the  liquid,  and  then  well  washed  with  hot  water  to  free  it  from 
slkali,  which  adheres  very  obstinatdy  to  it  It  is  then  dried  and  ignited  in  an  ateo> 
sphere  of  hydrogen,  by  which  it  is  reduced  to  the  metallic  state.  The  xedoetioa  it 
most  easily  performed  by  placing  the  dried  predpitate  in  a  platinum  or  pftrrriaii 
crucible,  through  the  lid  of  which  passes  a  tube  connected  with  a  hydrogfu  appantm 
The  crucible  must  be  heated  to  fuU  redness  over  a  lamp ;  if  a  lower  degree  of  heit  bt 
applied,  the  reduced  cobalt  will  be  pyrophoric,  and  is  sure  to  oxidise  partially  ^amg 
weighing.     The  stream  of  hydrogen  must  be  kept  up  till  the  crumble  is  quite  coU. 

As  the  pr<*cipitate  thrown  down  by  potash  almost  always  retains  a  small  quantity  'tf 
alkali,  even  alter  prolonged  washing,  the  reduced  metal  mastt  after  weighittg,  bt  wsil 
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wished  with  w«ter,  till  the  liquid  which  nms  away  no  longer  exhibits  any  alkaline 
reaction.  The  metal  is  then  to  be  dried,  again  ignited  in  hydrogen  gaa,  and  weighed. 
The  diiferenoe  betweer.  the  two  weighings  Mldom  exceeds  0*2  per  cent  If  the  cobalt 
has  been  precipitated  from  a  solution  of  the  snlphata,  the  precipitate  may  retain  a 
small  quantity  of  snlphnric  add :  in  that  case,  the  reduced  metal  will  contain  sulphur, 
but  nerer  more  than  a  mere  trace,  unless  the  precipitate  has  been  boiled  with  the 
liquid  for  a  Tery  long  time. 

Alkaline  carbonates  do  not  precipitate  cobalt  so  completely  as  the  ttiustic  alkalis. 

If  the  oobalt-solntion  contains  ammoniacal  salts,  the  precipitation  is  not  complete 
eren  when  a  caustic  alkali  is  used,  and  the  liquid  well  boiled.  In  that  case  it  is 
neoessaiy  to  precipitate  by  suiphide  of  ammonium^  wash  the  precipitate,  diy  it  on  the 
Alter,  bum  the  filter  to  ashes,  tnen  dissolve  the  sulphide  in  nitric  or  nitromuriatic  add, 
and  predpitate  with  potash  as  aboTC. 

If  the  solution  contains  none  but  easily  volatile  adds,  such  as  nitric  or  hydrochloric 
add,  and  no  fixed  base  but  cobalt,  thepredpitation  may  be  dispensed  with  altogether, 
the  liquid  being  merely  eraporated  to  dryness  in  the  crudble,  and  the  leddue  ignited 
in  an  atmosphere  of  hydrogen,  in  the  manner  already  described. 

Lastly,  cobalt  may  be  completely  precipitated  from  its  neutral  solutions  bynt^rt^  of 
potasnum,  in  the  form  of  potassio-cobaltic  nitrite,  or  oobalt-yellow  (p.  1068).  The  solu- 
tion is  eraporated  to  a  small  bulk,  and  neutralised  by  potash  if  it  contains  excess  of 
acid.  ▲  solution  of  nitrite  of  potassium  is  then  added,  together  with  suffident  acetie 
add  to  neutralise  any  free  potash  in  the  nitrite:  the  whole  is  left  at  rest  for  two 
days,  and  the  yellow  compound  which  has  separated  is  coUected  on  a  filter.  The 
filtered  liquid  should  also  be  treated  with  nitrite  of  potassium  and  acetic  add,  and 
left  at  rest  for  some  time,  in  order  to  see  whether  any  further  predpitate  forms.  The 
predpitate  is  waahed  with  solution  of  chloride  or  sulphate  of  potassium,  then  dissolved 
in  hydrodilorie  add,  the  liquid  being  heated  till  it  is  quite  free  from  nitrous  add, 
and  exhibits  the  rose-red  colour  of  a  cobaltous  salt,  and  the  cobalt  is  finally  pred- 
pitated  by  potash.  This  mode  of  predpitation  serves  to  separate  cobalt  from  nickel, 
sine,  manganese,  and  many  other  metals.  (A  Strom eyer,  Ann.  Ch.  Pharm.  xcvi  218.) 

4.  Separation  from  other  elements. —  The  metals  of  the  first  group  (i.  217), 
are  separated  from  cobalt  by  predpitatinff  them  with  sulphydrie  acid,  from  solutions 
addulated  with  one  of  the  stronger  mineral  adds.  From  the  metals  of  the  third  group 
and  from  the  non-metallic  elements,  cobalt  is  separated  by  predpitating  it  as  a 
sulphide  with  tutphide  of  ammonium  from  neutral  or  alkaline  solutions.  In  applying 
this  method  to  the  separation  of  cobalt  from  magnedum,  it  is  necessary  to  add  chloride 
of  ammonium  to  retain  the  magnesia  in  solution,  and  even  then  the  sulphide  of  cobalt 
sometimes  carries  down  with  it  a  small  quantity  of  magnesia.  This  may,  however,  be 
prevented  by  boiling  the  whole  till  the  free  ammonia  present  is  volatilised,  then 
adding  a  few  drops  of  sulphide  of  ammoniun%  and  filtering. 

Aluminium  is  best  separated  from  cobalt  by  predpitation  as  insoluble  diacetate 
(i.  13).  The  solution,  if  add,  is  neutralised  with  carbonate  of  sodium,  acetate  of 
9odium  is  added,  and  the  liquid  boiled  for  some  time.  The  alumina  is  then  predpi- 
tated  in  a  form  in  which  it  may  be  easily  filtered  and  washed.  The  washing  must  be 
performed  with  a  warm  weak  solution  of  acetate  of  sodium,  as  the  predpitate  is  slowly 
dissolved  by  pore  water.  The  whole  of  the  cobalt  remains  in  solution,  and  the 
alumina,  which  may  contain  soda,  is  dissolved  by  hydrochloric  add,  and  predpitated 
\iiy  sulphide  of  ammonium  (L  165).    (H.  Boss.) 

Aluminium  cannot  be  separated  from  cobalt  by  9ol%iiion  ofpotaeK  the  predpitated 
oxide  of  cobalt  always  carrying  some  of  the  alumina^  with  it  A  better  method  is  to 
fuse  the  mixture  of  the  two  baaes  with  solid  potash  in  a  silver  crucible,  and  extract 
the  fosed  mass  with  water.  The  oxide  of  cobalt  which  then  remains  may  contain  a 
little  potash,  but  it  is  free  from  alamina. 

Another  very  good  mode  of  separation  is  to  mix  the  solution  of  the  two  bases  with 
tartaric  acid  and  excess  of  ammonia, — which  will  not  then  precipitate  dther  of  them,-* 
Mud  add  sulphide  of  ammonium,  which  will  throw  down  the  cobalt  and  leave  the 
alomininm  in  solution.  The  predpitated  sulphide  of  cobalt  is  then  to  be  treated 
with  nitric  add,  ^.,  as  already  explained;  the  filtrate  containing  the  alumina 
evaporated  to  diyness,  and  the  reddue  ignited  to  bum  away  the  organic  matter.  If 
no  other  base  is  present,  the  ignited  residue  will  consist  of  pure  alumina,  which  may  be 
weighed ;  in  the  contrary  case,  the  rendue  must  be  dissolved  in  hydrochloric  add, 
and  the  alumina  predpitated  by  one  of  the  methods  given  on  page  155.  As  the 
burning  away  of  the  organic  matter  takes  a  lon^  time,  it  is  perhaps  better  to  destroy 
it  by  boiling  the  liquid  with  chlorate  of  potassium  and  hydrochloric  add,  and  then 
predpitate  the  alumina. 

CoDalt  may  also  be  separated  from  aluminium  by  predpitation  with  nitritt  of 
potaaeium. 
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From  glvcianm,  oobah  may  be  tepanted  b3r  either  of  the  two  methods  last-maH 
tioned;  also  from  yttHum,  airconiiim,  thorium,  cerium,  lantliannm  and 
didymium.  The  last  three  metals  may  also  be  Bepanit«d  from  eobalt  by  pcvdptta- 
tioD  with  fulphaie  efpotasMum  (L  833),  or  with  oxalic  acid  from  a  solatixNi  eontaintng 
excess  of  ammoniab 

From  iron,  cobalt  is  most  easily  separated  by  predpitatiAg  the  two  metals  with 
sulphide  of  ammonium,  and  digesting  tbe  washed  precipitate  in  dilate  bydrochlorie 
acid,  whidb  distolres  the  iron  and  leaves  the  cobalt  As,  however,  reiy  small  quantities 
of  sulphide  of  cobalt  may  likewise  be  dissolved,  it  is  best  to  reprecipitate  the  iron  by 
sulphide  of  ammonium,  and  treat  the  precipitate  with  Veiy  dilute  hydrochloric  add :  any 
sli^t  traces  of  cobalt  that  may  be  mixed  with  the  iron  will  then  be  left  undiasolred. 

Cobalt  may  also  be  separated  from  iron  (in  the  state  of  seequioxide)  m  the  aaoM 
manner  as  siuminium,  viz.  by  boiling  the  neutralised  solution  with  aifet<U€  of  sodium. 
The  iron  is  then  precipitated,  while  the  cobalt  remaitas  in  solution.  The  iron  preci- 
pitate is  washed  with  warm  dilute  acetate  of  sodium,  dissolved  in  hydrochloric  acid, 
and  the  iron  repredpitated  by  ammonia;  and  the  cobalt  is  precipitated  by  sulphide  of 
ammonium.  If  the  iron  in  the  original  solution  is  in  the  state  of  protoside,  it  mut 
first  be  converted  into  sesquioxide  by  heating  with  nitric  add.  This  method  yields  very 
exact  results. 

A  tiiird  method  of  separatin|g  iron  (as  seequioxide)  from  cobalt,  is  to  mix  the  solu- 
tion, if  neutral,  with  a  considerable  quantity  of  chloride  of  ammonium,  then  eaatioaslr 
add  ammonia  till  a  permanent  predpitate  of  ferric  oxide  just  begins  to  form,  and  preci- 
pitate the  rest  of  the  iron  with  suoeinaie  of  ammonium.  The  cobalt  remains  in  solu- 
tion, and  the  fSerrie  succinate,  after  beinr  washed  and  dried,  is  ionited  with  good  aecess 
of  air,  to  prdveut  ireduetion  of  iron  by  we  organic  matter  (see  laoN).  This  OMthod  is 
not,  howewr,  so  good  as  the  two  preceding,  as  the  oxide  of  iron,  when  examined  by 
the  blowpipe,  Idways  exhibits  the  presence  of  a  smsU  quantity  of  oobdt. 

Lastly,  cobalt  maybe  separated  from  iron  by  precipitation  with  niirite  qfpotassimiL 

From  manganese  (existing  in  solution  as  a  manganous  salt)  cobalt  may  be  eaaSfy 
separated  by  precipitating  the  two  metals  as  sulphides,  and  dissolving  oat  tne  solphide 
of  manganese  with  dilate  hydrochloric  add,  in  the  same  way  as  for  nron. 

Anouier  method,  proposed  by  Liebig,  is  to  predpitate  the  two  metali  as  cyanideB 
with  cyanide  of  potassium,  then  add  a  sufficient  excess  of  that  reagent  te  rediasolve 
the  cyanide  of  eobalt  and  part  of  the  cyanide  of  manganese.  The  utter  is  eollected 
on  a  filter  and  washed ;  the  filtered  liquid  is  heated,  and  hydrochloric  add  is  slowly 
added  by  drops,  care  being  taken  not  to  add  enough  to  render  the  liquid  add ;  and 
the  separation  of  the  cobalt  and  manganese  is  effected  exactly  in  tlie  mMUMr  wUch 
will  be  presently  described  for  the  separation  of  cobalt  and  nickel.  The  cyanide  of 
manganese  previously  separated  by  filtration  is  dissolved  in  hydrochloric  add ;  the 
solution  is  boiled  till  the  hydrocyanic  add  is  completely  volatiliBed,  the  manganwe  is 

Srecipitatcd  by  carbonate  of  sodium,  and  the  quantity  thus  obtsined  is  added  to  that 
etermined  the  other  way. 

If  the  cobalt  and  manganese  exist  in  volution  as  chlorides,  the  liquid  may  be  «ivap»- 
rated  to  dryness  (being  transferred  to  a  porcelain  cmdble  when  reduced  to  a  small 
bulk),  and  the  residual  chlorides  ignited  in  an  atmosphere  of  hffdtogen  in  tiw  ttanner 
described  at  p.  1043,  as  long  as  vaoours  of  hycbroddoric  add  eohtinue  to  mcspb.  The 
cobalt  is  then  reduced  to  the  metauie  state,  while  the  chloride  of  manflaBsse  ramaiBB 
undecompoeed,  and  may  be  dissolved  out  by  water.  Hie  mtftalHc  eooalt  wUdi  i^ 
mains  is  washed  with  hot  water,  then  digested  with  a  small  quantity  of  very  dilsta 
hcetic  add.  to  dissolve  out  any  small  quantity  of  chloride  of  manganese  that  maj 
remain,  afterwards  ignited  in  a  current  df  hydrogen,  and  weighed.  The  Baneaneee  is 
precipitated  from  the  solution  of  its  chloride  by  carbonate  of  sodium.  If  the  ieoipeftt- 
ture  be  raised  too  high  during  the  reduction  by  hydrogen,  a  small  quantity  of  ehlorids 
of  manganese  may  be  volatilised. 

Another  mode  of  sepantting  cobalt  from  manganese,  is  to  digest  the  mixed  nrolfladdiafl 
(predpitated  by  an  alkali)  in  a  solution  df  pmtasulpkids  ofealetum^  which  eottTsrts 
them  both  into  sulphides,  dissolving  the  Biil{mide  of  eobalt,  and  leaving  the  aulphids 
of  manganese  imdissolyed. 

From  nickel,  as  from  most  other  metals  of  the  second  group,  cobalt  is  mott  easily 
separated  W  predpitation  with  nitrtte  qf  potassium,  the  process  being  pei'fermed 
exactly  as  described  at  p.  1046.  With  due  attention  to  the  precautions  men  indi- 
cated, the  whole  of  the  cobalt  is  predpitated,  without  a  trace  of  nickel 

Another  method  is  that  of  H.  RosO)  depending  on  the  ihet  that  protoxide  of  eobalt 
in  solution  is  oonyerted  by  cUorins  into  seSG|uioxid(s  wheMas  with  nickel  this  di^nge 
does  not  take  place.  The  metals  or  their  ooades  bdng  dissolved  in  excen  of  faydnK 
chloric  acid,  the  Bolution  is  diluted  with  a  laige  quantity  of  water,  about  a  pound  of 
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Vitcr  to  •  g^mnme  of  the  metals  or  their  oxides.  Chlorine  gas  is  then  passed  thiougb 
the  solution  for  sereral  honit,  till,  in  fact,  the  space  ahoye  the  liquid  heoomes  per^ 
manenll  J  filled  with  the  gas ;  carbonates  of  baiinm  is  then  added  in  excess ;  and  the  whole 
is  left  to  stand  for  twelve  or  eighteen  honrs,  and  shaken  np  from  time  to  time.  The  pre- 
cipitate, ooosistiBg  of  sesfjniozide  of  eohalt  and  caibonate  of  barivn,  is  then  collected 
on  a  filter,  and  washed  with  cold  water.  The  filtered  liquid,  which  has  a  pnie  green 
colour,  contains  all  the  nickel  without  a  trace  of  cobalt  The  precipitate  is  wiled  with 
hydrochloric  acid  to  conreit  the  sesqnioxide  of  cobalt  into  protoxide,  aad  dissolvie  it 
together  with  the  baryta;  the  latter  is  then  pncnutaAed  by  solphurie  add.  asid  the 
cobalt  from  the  filtrate  by  potash.  The  nickel  is  also  predpiftated  bjr  potash,  after  the 
removal  of  any  baiyta  that  the  solution  may  contain  by  sulphiirie  acia  This  method, 
if  properly  executed,  gives  very  exact  results.  The  chief  porecautions  to  be  attended 
to,  are  to  add  a  large  excess  of  chlorine,  and  not  to  filter  too  soon,  because  the  preci- 
pitation of  sesqoioxide  ef  cobalt  by  carbonate  of  barium  takes  a  long  time. 

According  to  Heniy,  bronUm  may  be  used  in  the  preceding  process  instead  of 
chlorine  as  the  oxidising  agent 

Liebig  has  given  everal  methods  of  separating  these  two  metals,  founded  on  the 
difference  of  uxeii  reactions  with  cyanide  of  potassium,    1.  The  oxides  of  the  two 
uotals  are  treated  with  hydrocyanic  add  and  then  with  potash,  and  the  liquid  wanned 
till  the  whole  is  dissolved  (pure  cyanide  of  potassium,  free  from  cyanate,  may  also  be 
used  MS  the  solvent).    The  reddish-yellow  solution  is  boiled  to  expel  free  hydnx^fnuuo 
acid,  whereupon  the  cobaltocyanide  of  potassium  (K't^'Cy*),  formed  in  the  cold,  is 
converted  into  cob&lticyanide  (K*(Co*)J*Ct"),  while  the  nickel  remains  in  the  form  of 
cyanide  of  nickel  and  potassium  (E'Ni^Cy^^.    Pure  and  finely-divided  red  oxide  of 
mercnxjr  is  then  added  to  the  solution  while  yet  warm,  whereby  the  whole  of  the 
nickel  is  predpitated.  partly  as  oxide,  partly  as  cyanide,  the  merenry  taking  its  place 
in  the  solution.    The  predpitate  eontains  all  the  nickel,  togerher  with  excess  of  mer- 
curic oxide;  after  washing  and  ignition,  it  yields  pore  oxide  of  nickel.    The  filtered 
solution  oontains  all  the  cobalt  in  the  form  ef  cobalticyanide  of  potassium.    It  is 
supersaturated  with  acetic  add,  boiled  with  sulphate  of  copper,  whieh  precipitates  the 

cobalt  is  the  form  of  oobalticyuiideof  oop|>er  (Cu'(Go*)*'C>3r".UH'OX  and  the  predpitate 
catained  in  the  liquid  at  a  boiling-heat  till  it  has  lost  its  glutinous  character.  It  ia 
then  washed,  dried,  ignited,  and  dissolved  in  hydrochloric  acid  mixed  with  a  littlt 
nitric  add ;  the  copper  is  predpitated  by  sulphydiie  add ;  and  the  filtrate,  after  boiling 
Ibr  a  minute  to  expel  the  excess  of  that  gas,  is  mixed  with  boilins  caustic  potash  to  pre- 
dpitate the  cobalt  (Ann.  Ch.  Pharm.  Irv.  244). — 2.  Instead  of  adding  the  oxide  ol 
m(*rcuiy,  the  solution  containing  the  mixed  cyanides  may,  after  eooUng,  be  super* 
saturated  with  chlorine,  the  precipitate  of  eyanide  of  nickel  thereby  prcMduced  being 
continually  redissolved  by  caustic  potash  or  soda.  The  chlorine  produces  no  change 
in  the  coMlticyanide  of  potassium,  but  decomposes  the  nickel-couponnd,  the  whole  of 
the  nickel  bdng  ultimately  predpitated  in  the  form  ef  bla^  sesqnioxide.  (Ann.  Cfh. 
Pharm.  Ixzxvii.  128.) 

Liebig's  first  method  (ilrid.  xli  291),  whieh  consisted  in  treating  the  solution  of 
the  mixed  cyanides  with  excess  of  bydroehlorie  or  sulphuric  add,  whereby  the  nickel 
WHS  predpitated  as  cobalticyanide  of  nidcel,  leaving  a  solution  of  cobalticyanide  of 
DOtasnum,  has  been  fimnd,  both  by  himsdf  and  others,  not  to  give  perfectly  satis- 
factory  results.  The  method  by  oxalic  add  (p.  1040),  and  the  predpitation  of  nickel 
from  an  ammoniacal  solution  of  ^e  two  metus  by  potash  (seeNicxxL)  are  not  suffi- 
dently  accurate  for  quantitative  analysis. 

F.  Claudet  separates  oob^t  from  mckel  and  other  metals  in  the  form  of  the  ammonio- 
eompound  described  on  page  1062,  that  compound  being  very  insoluble,  while  corre- 
sponding compounds  of  the  other  metals  do  not  appear  to  be  formed  under  the  sam» 
circumstances. 

From  cranium,  in  the  state  of  sesqnioxide,  cobalt,  as  protoxide^  may  be  separated 
by  m^ams  of  carbonate  of  barium,  which  throws  down  the  uranie  oxide  and  leaves  the 
oohilt  in  solution.    (For  other  modes  of  separation,  see  Uraktum.) 

From  sine,  cobalt  may  also  be  easily  separated  by  predpitation  with  nitrite  of 
potassium.  Another  mode  of  separation  is :  Convert  the  two  metals  into  chlorides, 
and  reduce  the  chloride  of  cobalt  with  hydrogen,  as  described  for  the  separation  of 
cobalt  from  mansanese;  the  diloride  of  sine  then  remains  onaltered,  and  may  be 
dissolved  out  Thirdly,  the  metals  may  be  predpitated  by  oarbooata  of  sodium,  the 
carbonates  dissolved  in  a  large  excess  of  acetic  acid,  and  sulphydric  add  gas  passed 
throujgh  the  solution.  Thd  sino  is  thereby  piedpitated  as  sulfide,  while  the  eohalt 
remains  dissolved.  To  ensure  eomi^ete  separation,  it  is  necessary  to  add  a  lam 
excess  of  acetie  add.  Fourthly,  the  sepaiBtion  may  be  effected  by  predpitating  tos 
cobalt  as  sesqnioxide,  by  means  of  peroxide  of  lead  (p.  1044). 
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5.  Valuation  of  Cobalt-ores. — TheTalne  of  aoobalt-ora  is  eatimatod  eitfaci 
by  the  Amount  of  protoxide  that  it  will  yield,  or  by  its  power  of  imparting  a  blae 
ooloor  to  ghus  and  enameL    (For  the  latter  mode  of  ralnation  we  refer  to  the  artide 

&CALT.) 

To  estimate  the  quantity  of  protoxide  contained  in  a  cobalt  ore^  the  ore  may  be 
treated  by  either  of  the  methode  already  given  (pp.  1039, 104U),  to  separete  the  aieenie, 
copper,  iron,  &e.,  the  cobalt  being  afterwards  septamted  from  the  nickel,  and  estimated 
by  either  of  the  processes  described  onj>p.  1044.  1046. 

(For  PlattnCT^s  method  of  estimation  m  the  dry  way,  see  his  7reati^  on  tA$  JSlowpi^H, 
translated  by  Mospratt,  also  KerTi  HuUenkunde,  iii.  [1]  340,  342). 

6.  Atomic  Weight  of  Cobalt — Dumas  has  determined  the  atomic  weight  of 
cobalt  by  the  quantity  of  silver  required  to  decompose  a  known  weight  of  the  chloride. 
Pure  metallic  cobalt  was  dissolved  in  nitro-muriatic  acid,  the  solution  evaporated  to 
dryness,  keeping  the  hydrochloric  acid  continually  in  excess ;  the  residue  ignited  in  a 
stream  of  hydrochloric  acid  gas,  or  else  heated  in  vacuo ;  and  the  chloride  ot  cobalt 
thus  obtained  was  decomposed  by  nitrate  of  silver.  Five  experiments  thus  made  pave 
for  the  atomic  weight  of  cobalt,  numbers  var3nng  from  dOO  to  69' 18.  Ilumns  regards 
59  as  the  correct  number  (Ann.  Ch.  Pharm.  cxiii.  24V  This  agrees  with  the  original 
determination  of  Roth  of  (Fogg.  Ann.  viii.  186),  which  was  made  by  coDVerting  • 
known  weight  of  the  protoxiae  into  chloride,  and  then  precipitating  by  nitrate  of  silver. 
Schneider  (Pogg.  Ann.  ci.  317)t  from  the  analysis  of  the  oxalate,  estimated  the 
atomic  weight  of  cobalt  at  60 ;  but  the  number  69  is  generally  regarded  as  correct. 

COBA&T,  BAJtTSTf  or  A»bolan,—k  variety  of  wad  or  earthy  manganese, 
eontaining  oxide  of  cobalt    (See  Wad,  and  SIanoakbsb,  Oxides  of.) 

(H>BJIAT«  TUIOWCDM  OVp  CoT",  may  be  obtained  by  dissolving  oobaltous  oxide 
or  carbonate  in  aqueous  hydrofluoric  acid.  The  solution  yields  by  evaporation  smalf 
irregular  rose-coloured  crystals  containing  Go''F'.2HK).  The  compound  dissolves 
without  decomposition  in  water  containing  free  hydrofluoric  acid,  or  in  a  small  quantity 
of  pure  water ;  but  with  a  larger  quantity  of  water,  it  is  resolved  into  an  acid  liquid 
oontainine  cobalt,  and  an  insoluble  pale  reid  basic  salt  consisting  of  2Co'F*O.HK).  ^ 

Fluoride  of  cobalt  unites  with  the  fluorides  of  ammonium  and  potassium,  fDrming 
sparingly  soluble  double  salts  whidi  ciystallise  in  pale  red  granular  crystals.  (Ber- 
selius.) 

COBAZiT,  lODSBS  OF,  Col',  is  produced  by  digesting  finely  divided  metallic 
cobalt  with  iodine  and  water,  the  mixture  becoming  heated  to  the  boiling  point.  With 
a  small  quantity  of  water  it  forms  a  green,  and  with  a  larger  quantity,  a  red  solution, 
and  remains,  on  evaporation,  as  a  dark  green  deliquescent  mass  soluble  in  alcohol. 
(Erdmann,  J.  pr.  Chem.  vii.  364.) 

A7nmonio4odidea  of  Cobalt, — Iodide  of  oobalt  absorbs  3  at.  ammonia-gas,  forming  the 
compound,  Co'  P.4NH',  which  is  a  reddish-yellow  powder.  A  concentrated  solution  of 
iodide  of  cobalt  forms  with  ammonia  a  reddish-white  precipitate  which  diswlves  on 
heating,  leaving  only  a  few  sreen  flocks.  The  solution  deposits  small  rose-eoloared 
crystals,  which,  as  well  as  the  reddish-white  precipitate,  consist  of  Co1'.4NH*,  but 
appear  also  to  contain  water.  When  dried,  they  s^ive  off  ammonia,  turn  brown  mqU 
afterwards  green.  Water  decomposes  them,  li benti ng  ammonia  and  depositing  a  green 
powder.  A  dilute  solution  of  iodide  of  cobalt  forms  with  ammonia  a  olue  precipitate 
which  turns  green  when  exposed  to  the  air,  and  a  brown  solution.  (Ba  mm  els  berg, 
Pogg.  Ann.  xlviii.  166.) 

OOBAVr,  OXZnas  or.    The  following  oxides  of  cobalt  are  known : 

Protoxide  or  cobaltous  oxide Oo'^O 

Sesquioxide  or  cobaltio  oxide        •        .        •        •        .    CoK)* 

Intermediate  oxides \  CoK)' 

ICoH)' 

The  protoxide  is  a  strong,  the  sesquioxide  a  weak  base.  According  to  Fr^my,  the 
oxide  Co"0'  is  also  a  salifiable  base,  which  unites  directly  with  acetic  acid  and  exists  in 
some  of  the  ammoniacal  salts  of  cobalt.  Frimj  has  also  obtained  salts  of  this  naturv 
containing  a  dioxide  of  cobalt,  Co*0'. 

Protoxide  of  Cobalt  or  Cobaltous  Oxide,  C6K>.— This  oxide  is  obtained  bj 
igniting  cobaltous  hydrate  or  carbonate  in  dose  vessels ;  by  igniting  the  protoehloride 
in  a  stream  of  aqueous  vapour  (Schwars  enberg) ;  also,  mixed  in  various  proportsons 
with  sesouioxide,  when  finely  divided  eobalt  bums  in  the  air,  or  when  the  compact 
metal  is  heated  to  redness  in  the  air.  The  pure  protoxide  is  a  light  gtvenish-grey  or 
oUye-grsni  non-magBetie  powdsCi    It  is  reduced  to  the  metalUc  state  at  a  red  heat  bw 
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hvdiiQgeii,  charooal,  carbonic  oxide,  poteMiwn,  and  ■odium.  When  heated  with  sul- 
pbur,  it  IB  conrerted  into  aolphide  of  cobalt  and  Bnlphiuoua  anhydride;  and  with 
aulphydric  acid,  it  jields  water  and  snlphlde  of  cobalt. 

Hydrated  cobaltona  oxide,  or  Oobaltone  hydrate,  CoH'O*,  or  CoO.HK),  is  produced 
when  a  cobaltona  aalt  is  decomposed  bv  potash  oat  of  contact  of  air.  A  blue  basic  salt 
is  iint  produced  which  changes  gniduallj  at  ordinary  temperatures,  quickly,  on  boiling, 
into  the  rose-coloured  hydrate.  If  the  cobalt-solution  be  dropped  into  strong  boiling 
potash-ley,  the  change  from  blue  to  red  is  almost  too  rapid  to  be  traced.  Cobaltous 
hydrate  is  a  powder  of  a  dingy  rose-red  colour,  which  giyes  off  water  at  100^  C,  and 
is  couTeited  into  the  protoxide  if  the  air  be  excluded,  into  a  higher  oxide  if  exposed 
to  the  air.    It  dissoWes  readily  in  acids,  forming  the  cobaltous  sa Its. 

Ses^uioxide  of  Cobalt,  Cobaltic  Oxide,  Co'O',  is  formed  when  ehlorine  is 
transmitted  through  water  in  which  the  hydrated  protoxide  is  suspended,  or  when  a 
salt  of  the  {yrotoxide  is  precipitated  by  a  solution  of  chloride  of  lime.  In  the  former 
ease^  water  is  decomposed  by  the  chlorine,  and  hydrochloric  acid  produced,  while  the 
oxygen  of  the  water  peroxidises  the  cobalt: 

2CoO  +  H*0  +  a*  -  Oo»0»  +  2HCL 

The  sesquioxide  of  cobalt  is  precipitated  as  a  black  hydrate,  which,  when  cautiously 
heated  to  600**  or  700^  C,  vields  the  black  anhydrous  oxide.  When  sesquioxide  of 
cobalt  is  digested  in  hydrochloric  acid,  chlorine  is  evolved,  and  the  protochlonde  formed. 
Exposed  to  a  low  red  heat,  the  sesquioxide  loses  oxygen,  and  the  compound  oxide, 
CoO.CoH)',  is  produced  (Hess).  When  protoxide  of  cobalt  is  calcined  with  a  borax 
glass,  at  a  moderate  heat,  it  absorbs  oxygen,  and  a  black  mass  is  obtained,  which, 
mixed  with  manganic  oxide,  serves  as  a  blflfck  colour  in  enamel  painting. 

Sesquioxide  of  cobalt  acta  as  a  weak  base.  Phosphoric,  sulphuric,  nitric,  and  hydro- 
chloric acids  dissolve  its  hydrate  in  the  cold,  without  decomposition  at  first,  but  the 
resulting  salts  are  afterwazds  reduced  to  salts  of  the  protoxide.  A  protosalt  of  cobalt 
containing  a  small  quantity  of  a  sesquisalt  is  somewhat  deepened  in  colour.  The 
most  permanent  of  the  sesquisalts  is  the  acetate ;  the  hydratea  sesquioxide  while  yet 
moist  dissolves  in  acetic  acid,  slowly  but  completely.  The  solution,  which  has  an  in- 
tense brown  colour,  forms  a  brown  precipitate  with  alkalis  and  alkaline  earbonaies. 
With  /errocyanide  of  potaseium,  it  forms  a  dark  precipitate,  which,  if  the  precipitant 
is  in  excess,  gives  up  cyanogen  to  it,  couTerting  it  into  ferrimnide  of  potassium  and 
being  itself  converted  into  green  ferrocyanide  of  cobalts  AlLiline  oxalaUe  colour  the 
solution  yellow,  forming  an  oxalate  of  the  oxide  Co*0*. 

Cobaltoao -oobaltie  oxides. — a.  The  oxide,  Co'0*aBCoO.CoH>',  is  obtained  in 
the  free  state  by  heating  the  nitrate  or  oxalate  of  cobalt,  or  the  hydrated  sesquioxide, 
to  redness  in  contact  with  the  air  (Hess,  Rammelsberg);  but  according  to  Beets 
and  Winkelblech,  the  oxide  thus  obtained  is  Co*0'.  When  the  residue  obtained  by 
gently  igniting  the  oxalate  in  contact  with  the  air  is  digested  in  strong  boiling  hydro- 
chloric acid,  the  oxide  Co'O^  remains  in  hard,  brittle,  greyish-black  microscopic 
octahedrons  having  a  meteillic  lustre.  The  same  czystalline  compound  is  obtained  oy 
strongly  igniting  dry  protocbloride  of  cobalt,  alone  or  mixed  with  sal-ammoniac,  in 
diy  air  or  oxygen  gas.    (Schwarzenberg.) 

This  oxide,  according  to  Fr^my,  is  also  a  salifiable  base.  The  corresponding  oxalate 
has  already  been  mentioned.  The  ace  tat  e  is  obtained  by  digesting  in  dilute  acetic  add 
the  hydrated  oxide  obtained  by  continued  action  of  oxygen  on  the  blue  precipitate  thrown 
down  from  ordinary  cobalt-salts  by  potash  not  in  excess.  Fr^my  also  states  that  when 
chlorine  is  passed  into  the  solution  of  ordinary  acetate  of  cobalt,  a  brownish-yellow  salt 
is  formed  containing  the  base  Co'ClH)',  or  Co^O*  in  which  1  at.  O  is  replaced  by  CI*. 
This  chlorine-base  exists  also  in  some  of  the  ammunio-compounds  of  cobalt  (p.  45). 

h.  The  oxide,  Co*0' »  4000.00*0*,  is  said  by  Winkelblech  to  be  formed  by  keeping 
the  hydrated  protoxide  at  a  red  heat  in  the  air  for  a  considerable  time,  or  by  first 
reduaog  it  to  the  metallic  state  by  heating  it  very  gently  in  a  stream  of  hydrogen,  and 
then  burning  it  again  by  passing  air  through  the  tube.  According  toKammelsbe rg, 
however  (Pogg.  Ann.  Ixxiii.  93),  the  oxide  obtained  by  either  of  these  processes  is  Oo'O^ 

c.  AnoUier  oxide,  Oo'O*  >  60o0.0o*O',  is  said  to  be  obtained  by  precipitating 
eobaltic  nitnite  with  ammonia,  exposing  the  liquid  to  the  air  till  the  blue  precipitate 
turns  green,  then  suspending  the  mcipitate  in  water,  and  exposing  it  to  the  air  for  a 
month  till  it  turns  quite  yellow.  But  the  yellow  hydrate  thus  formed  always  retains 
a  trace  of  nitric  acid,  wliich  cannot  be  removed  even  by  long  contact  with  water. 

A  eobaltie  aeid  (or  anhydride),  Go'O*,  is  obtained  in  combination  with  potash,  by 
strongly  igniting  the  oxide,  Oo^O',  or  the  protoxide  or  carbonate,  with  pure  hydrate  of 

S^tassium.    A  crystalline  salt  is  then  formed  which,  when  dried  at  100^  G.,  contains 
*0.3Co*0*-»-  8  aq.,  and  gives  off  1  at.  water  at  130^    ^Schwarzenberg.) 
Dioxide  of  Cobalt,  GoO*,  has  not  been  obtained  in  the  free  state,  but  may  be 
supposed  to  exist  in  the  oxycobaltic  salts  (p  1066). 


low  COBALT:  OXYSULPHIDE  — SLLPHIDEa 


OOAAliT.  dZTSAFMIOa  OF,  06"B0,  or  OoS.OoO.— Prcidtieed  b}  tgmtiog 
the  mlphate  in  hydrogen  gas.  Water  and  snlphiiToiis  acid  eeeape,  and  then  renmini 
a  dark  grey  sintered  mass  which  if  not  alterRd  by  the  Airther  action  of  the  hydrogen. 
Cold  hydrochlorie  acid  decomposes  it,  diseolying  oxide  of  cobalt  and  learing  enlphide ; 
but  if  heat  be  applied,  the  solphide  likewiae  diMoiTea.    (Arfredeon.) 

C08A&T,  OZTOBV-BA&TS  OF.^The  cobaltooa  salts  are  prodnoed  by  dis- 
solving metallic  cobalt  in  the  stronger  acide ;  by  the  action  of  adds  on  the  protoxide, 
hydrate^  or  carbonate ;  by  boiling  the  hydrate  or  carbonate  in  solntions  of  ammonia- 
salts,  ammonia  being  then  erolred  and  a  cobaltons  solution  formed ;  and  by  precipita- 
tion. The  carbonate,  phosphate,  borate,  silicate,  and  those  which  contain  metallic  adds, 
ai^  insoluble  in  water;  most  of  the  others  are  soluble.  The  insoluble  salts  hare  a 
riolet  or  peach-blossom  colour ;  the  dissolred  salts  a  rose  colour.  The  neutral  sofai- 
tions  r^aen  Utuus  slightly.  For  their  reactions  and  those  of  the  oobaltic  salts,  see 
pp.  1043,  1044. 

OOBA&T.  FBOSnXBU  OV.^The  irioobidae  phosphide,  or  tricobali-j^^oi- 
pkine,  Co'P*.  was  obtained  by  H.  Rose  as  a  grey  powder,  on  passing  hydrogen  gas  Sfer 
basic  phosphate  of  cobalt  ignited  in  a  porcwam  tube.  It  is  a&>  produced  by  the 
action  of  phosphoretted  hydrogen  on  chloride  of  cobalt. 

Another  phosphide  containing  a  very  large  excess  of  eobslt  is  prodsoed  wfcsn  psssss 
of  phosphorus  are  thrown  on  rra-hot  cobalt ;  when  1  pt  of  the  metal  is  ignitea  with 
7  pts.  glacial  phosphoric  acid  and  ^  charcoal  powder;  and  when  a  mixtars  of 
70  pts.  metallic  cobalt  or  oxide  of  cobalti  100  bone-ash,  60  pounded  qnsrti^  aad  10 
charcoal  is  exposed  for  an  hour  to  the  heat  of  a  blast-flimace.  The  oompenad  pr^' 
pared  by  the  first  or  second  method  is  bluish-white,  with  metallic  lustre,  brittis^  of 
adcnlar  structure,  more  fusible  than  cobalt,  contains  6  per  cent  phosphorus,  and  boms 
to  a  dark  blue  glass  when  heated  (Fe He  tier).  The  product  obtauied  by  the  tibird 
process  is  of  a  shining  white  eolour,  very  fbsible,  aon-niagnetie,  and  often  has  needle- 
shaped  crystals  in  its  cavities. 

COBAUTf  Ban.    Syn.  with  ConauT-BLOoic  (p.  1067). 

COBAX^f  SBUnrXDa  or.  Heated  cobalt  unites  with  selemum,  fenaing  a 
grey  mass,  which  exhibits  metallic  lustre  and  crystalline  structure,  and  melts  at  a  red 
heat ;  the  combination  is  attended  with  ignition.    (B e rs  el  i  u  s. ) 

COBASr,  atrLramas  of.  The  protoaulphide,  CcTB,  oeeura  nstire 
as  Syepoorite,  a  massire  mineral  of  steel-grey  colour  inclining  to  yellow,  found 
disseminated  in  mins  or  veins  in  andent  schists,  associated  with  magnetic  |^tes^ 
at  Syepoor,  near  Kajpootanah,  in  Korth-west  India.  It  is  employed  by  the  Indiao 
jewellers  to  give  a  rose-colour  to  gold.  According  to  Middleton's  analysis  (Phil. 
Hag.  rs  J  xxxviii.  862),  it  contains  35*36  S,  and  64*64  Co,  agreeing  dosely  with  the 
formula  Co*S. 

The  protosulphide  may  be  pvepared  br  throwins  sulphur  on  red-hot  cobalt  eoataaned 
in  a  retort,  also  by  heatmg  the  protoxide  with  sulphur,  and  by  igniting  coboltous  sul- 
phate to  whiteness  in  a  crudble  lined  with  charcoaL  Aa  thus  obtained,  it  is  a  grey 
laminar  mass  having  the  metallic  lustre ;  according  to  Berthier,  it  is  magnetic*  In 
the  wet  way,  it  is  produced  by  predpitating  cobaltous  acetate  with  8ulphy£ie  add  or 
any  neutral  cobaltous  solution  with  an  alluJune  sulphide.  The  predpitate  is  a  black 
powder  which  gives  off  water  when  heated,  and  in  tne  moist  state  slowly  oxidises  in  the 
air,  being  converted  into  sulphate.  It  is  insoluble  in  alkalis  and  alkaline  sulphides, 
soluble  m  concentrated  mineral  adds,  insoluble  or  nearly  so  in  dilute  acids.  It 
unites  with  add  sulphides,  forming  sulphur-salts,  which  are  all  insoluble  in  water. 
According  to  Anthon,  it  decomposes  the  sohitions  of  other  metals,  e,  g,  iron,  nickel, 
copper,  and  silver,  a  sulphide  of  the  other  metal  being  ^redpitated  and  the  cobalt 
taking  its  place  in  the  solution.  This  appears  somewhat  inconsistent  with  tibe  action 
of  dilute  hydrochloric  add  on  a  mixture  of  the  sulphides  of  iron  and  cobalt,  which, 
according  to  H.  Rose  (p.  1044),  affords  a  method  of  completely  separating  cobalt  from 
iron.    It  unites  with  peroxide  of  cobalt,  forming  an  oxysulphide  {vid,  ntp.\ 

Sesquisulphide  of  Cobalt,  or  Cobaltie  i$«/|)Ati0,  is  obtained  by  precipitating 
cobaltic  acetate  with  sulphydric  acid,  or  by  heating  oobaltic  hydrate,  but  not  tc  redneas^ 
iu  an  atmosphere  of  the  same  gas.  It  has  a  dark  grey  colour.  According  to  Fell  en- 
be  re  (Pogg.  Ann.  1.  78),  it  is  obtained  in  graphitie  laminae  by  igniting  the  protoxide  with 
sulphur  and  an  alkali.  lAnnaite  or  cohalt-pynUt  is  commonly  stated  to  be  a  seequi- 
sulphide,  but  its  composition  approaches  more  nearly  to  that  of  the  following  ooaxpouid. 

CobaltosO'Cobaltie  Sulphide,  Co*S*,  or  (k&.C<:^.^lAniurite  from  Mnsen« 
near  Siegren,  in  Prussia,  has  nearly  this  compontion,  yidding,  accotding  to 
Wemekink*s  analysis,  48*25  S,  68*35  Co,  0*97  Cu,  and  2*30  Fe  »  98*87,  the  formula 
requiring  42  S  ana  68  Co  (D  a  n  a,  ii.  66).  In  most  varieties  of  this  miner^,  however,  the 
%)balt  is  replaced  to  a  greater  extent  by  copper  or  nieknl.    (See  LunfjBira.) 
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O^Bulplude  of  cobalt  heatad  in  ralph^nlric  add  gas  yields  a  product  which  appem 
to  be  a  sulphide  intermediate  in  oompoaition  between  the  proto-  and  MBquiHnilphidea. 
(Anthon.) 

Diaulfhidw  of  Cob  a  1 1^  Oo8*,  may  be  supposed  to  eziBt  in  combination  with 
ancoide  of  cobalt  in  oobaltine  {q.  «.) 


COBA&T-BASaS,  ABnKOVXAOA&.  (F.  Claudet  [1857],  Phil.  Mag.  [4]  ii. 
253.— Qenth,  Ann.  Ch.  Phaim.  Ixxx.  275.— FrJmy,  Ann.  Ch.  Phys.  [8]  xxxv.  267.— 
Bogojaki,  ibid.  xli.  445.— Gregory,  Ann.  Ch.  Pharm.  Ixzxvii.  125. — Gibbs  and 
Oenth.  Smithaonian  Contributiona,  1856 ;  SilL  Am.  J.  [2]  zzziii.  234, 319 ;  xzziy.  96 ; 
Ann.  Ch.  Pharm.  civ.  160,  296;  Jahresber,  f.  Chem.  1867,  227.— Kiinzel,  J.  pr. 
Chem.  bcxii.  209).^<?obaltou8  salts  treated  with  ammonia  in  a  Teasel  protected  from 
the  air  unite  with  the  ammonia,  forming  oompounds  which  may  be  called  ammonio- 
eobaltoua-salts.  Most  of  them  contain  6  at  ammonia  to  1  at.  of  the  cobalt-salt; 
thus  the  chloride  contains  GoCl*.6NH*  +  aq. ;  the  nitrate  Co(NO*).6NH* -I- 2aq.  They 
are  ffenerally  crystallisable  and  of  a  rose-colour,  soluble  without  decomposition  in  am- 
monia, but  decomposed  by  water,  with  formation  of  a  basic  salt  (Fr^my).  H.  Hose, 
by  treating  dry  chloride  of  cobalt  with  ammonia-gas,  obtained  the  compound  CoCl'.4NH' ; 
and  in  like  manner  an  ammonio-sulphate  has  been  formed  containing  CoS0^.6NH*. 

When  an  ammoniacal  solution  of  cobalt  is  exposed  to  the  air,  oxygen  is  absorbed,  the 
liquid  tnnia  brown  (p.  1043),  and  new  salts  are  formed  containing  a  nigher  oxide  of  cobalt 
(Co'O*),  and  therefore  designated  generally  as  peroxidised  ammonio-cobalt 
salts.    Seyeral  of  them  containing  different  bases  are  often  formed  at  the  same  time. 

Mott  of  the  peroxidised  ammonio-cobalt  salts  are  composed  of  trisalts  of  cobalt 
(eobaltic  salta),  united  with  2  or  more  molecules  of  ammonia.  The  composition  of  the 
neural  salts  may  be  illustrated  by  the  chlorides,  as  in  the  following  table. 

Tetrammonio-cobaltic  chloride  .        .        •        •  Co^Cl*.  4NH* 

Hexammonio-cobaltic  chloride    ....  06*01*.  6NH* 

Octammonio-cobaltic  diloride     ....  Oo'Ol*.  8NH* 

Decammonio-cobaltic  chloride    •        .        •        .  Oo'Ol'.lONH' 

Bodecammonio-cobaltic  chloride         .        .        .  Oo'01M2NH' 

The  formube  of  the  corresponding  neutral  nitrates  are  deduced  from  the  preceding 
by  substituting  KG*  for  01  ;  those  of  the  sulphates,  oxalates,  and  other  bibasic  dalta, 
by  substituting  SO*.  0*0*.  &c,  for  Cl«.  Thus,  deeamnumio'eobaltie  sulphate'^  Co*(S0*)«. 
lONH*.  There  are  also  seyeral  acid  and  basic  salts  of  the  same  ammonio-molecules, 
the  fbrmuls  of  which  will  be  giyen  further  on.  Further,  there  is  a  class  of  salte 
containing  the  elements  of  nitric  oxide  in  addition  to  ammonia,  e^,  deeammo- 
ni(ro&(HH)baUic  oxyehloniB  «-  Oo«Ol*O.10NH'.2KO.  Lastly,  Fr^my  has  obtained 
ammoniacal  compounds  (oxycobaltic  salts)  containing  salts  of  cobalt  corresponding  to 
the  dioxide  OoO^ 

TiTBAHVOirio-coBALTtc  Salts. — ^Thc  sulphite  of  this  group  is  obtained  by 
adding  acid  sulphite  of  ammonium  to  an  aqueous  solution  of  decammonio-cobaltie 
chloride  containing  a  Tery  small  quantity  of  ammonia,  till  the  odour  of  sulphurous 
acid  becomes  distinctly  perceptible ;  on  leaying  the  solution  to  stand  for  some  time,  the 
sulphite  separates  in  brown,  nearly  insoluble  octahedrons,  containing  0o'(8O')'.4NH' 
+  5aq.    (tCunzeL) 

Hkxammokio-cobaltxo  Salts. — When  a  solution  of  decammonio-cobaltie 
chloride  containing  a  little  ammonia,  is  mixed  with  so  much  add  sulphite  of  ammonium 
that  the  liquid  does  not  smell  either  of  ammonia  or  of  sulphurous  acid,  it  changes  colour 
ftom.  red  to  deep  yellow,  and  deposits  hexamnumiO'CobaUic  mUpMte,  Oo*(SO')'.6NH' 
4  aq.,  as  a  yellow  powder  or  in  crystalline  needles,  according  to  the  temperature  and 
concentration  of  the  liquid.  It  is  insoluble  in  cold  water,  and  is  slowly  decomposed 
by  boiling  with  water.    Its  formation  is  expressed  by  the  equation : 

Co«a«.10NH«  +  2NH«  +  H«0  +  6(NH«.H.S0")  « 
[Oo^SO«)«.6NH»  +  HK)]  +  6NH«01  +  3[(NH«)»iK)«].   (Kuneel.) 

OcTAKHONXO-ooBALTic  Saltb.  Fr^my's  Fuaco-cobalUe  salts. — ^These  salts 
are  formed  when  an  ammoniacal  solution  of  a  cobaltous  salt  is  exposed  to  the  air,  and 
by  the  action  of  water  on  oxy-cobaltic  salts.  They  are  brown,  and  mostly  uncrystal- 
lisable,  but  may  be  obtained  in  the  solid  state  by  precipitation  with  alcohol  or  excess  of 
ammonia.  They  are  slowly  decomposed  by  boiling  with  water,  but  quickly  on  addition 
of  an  alkali,  with  eyolution  of  ammonia  and  precipitation  of  oobaltic  hydrate.   They  are 

basic  salts,  the  nt^nKs  containing  Oo*0«.ZNH>*.8NH*  +  H*0  or  /e^HHt[^*^^^'> 
and  the  k^ptmulpkate  Co»0'.2S«0».8NH*. 
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Dbcammohio-cobaltio  Salts.  (Fr^my,  2oc.  ei^.;  Gibbs  nod  6»iith,{ae. 
eit,) — ^These  raits  may  be  dirided  into  two  groaps,  the  BoteO'Cobaltic  salts,  which 
have  a  lid  colour,  varying  from  brick  to  rose-red,  and  the  Purpureo-eobaitie  salts, 
which  are  purple,  or  violet-red.  The  salts  of  both  groups  contain  10  at  NH*  to  8  at. 
cobalt,  but  the  roseo-cobaltic  salts  are,  for  the  most  part,  neutral,  while  the  porpovso- 
cobaltic  salts  are  either  basic  or  acid  ;  in  some  cases,  however,  as  with  the  chlorides, 
the  difference  consists  merely  in  the  presence  or  absence  of  water,  the  purple  salts 
being  anhydrous,  and  the  red  hydraten 

The  decammonio-cobaltio  salts  are  produced  by  the  direct  oxidation  of  ammoniacal 
solutions  of  oobidtous  salts,  as  wh«>n  these  solutions  are  exposed  to  the  air,  the  red 
and  purple  salts  being  often  produced  together,  the  latter  especially  when  the  tem- 
perature is  rather  high,  and  the  solution  contains  a  free  ammoniacal  salL  The  pur- 
pureo-oobaltic  salts  are  likewise  formed  by  the  action  of  acids  on  santho-oobaltje 
salts  (p.  1064). 

Dccammonio-cobaltic  salts  are  nearly  insoluble  in  cold  water,  but  soluble  in  warm 
yv.  te  -  slightly  acidulated ;  the  purple  salts  are  in  general  less  soluble  thsn  the  red. 
Their  taste  is  purely  saline,  not  metallic  When  heated  in  the  dry  state,  they  decom- 
pose, giving  off  ammonia,  and  yielding  an  ammonium-salt  and  a  cobaltous  salt.  Their 
aqueous  somtions,  when  not  aciduUti^,  are  decomposed  by  boiling,  giving  off  ammonia 
and  depositing  a  hydrated  cobsltoso-cobaltic  oxide.  The  solutions  of  roeeo-cobeltie 
salts  boiled  with  strong  acids,  are  converted  into  purpureo-oobaltic  salts. 

Chlorides.  1.  Hydrtrtsd  DecammtmUhoobaltie  ehhride,  or  Roseo-cobaltie  chlorids, 
Co'ClMONH'  +  2aq.— This  salt  was  discovered  by  Claudet  and  by  Oenth.  in  1851,  beinff 
the  first  ammonio-oobaltie  salt  obtained ;  the  formuhe  originally  assigned  to  it.  however, 
gave  a  somewhat  different  view  of  its  constitution.  It  is  the  most  frequent  product  of 
the  oxidation  of  an  ammoniacal  solution  of  protochloride  of  cobalt  by  exposure  to  the 
air,  the  liquid  sssuming  first  a  brown,  and  then  a  red  colour,  and  often,  especially  if  the 
ammonia  and  the  chloride  of  cobalt  are  impure,  depositing  a  small  quantity  of  oobaltie 
hydrate.  The  presence  of  sal-ammoniac  in  the  solution  does  not  &ciUtate  its  formation. 
The  reddened  solution  mixed  with  strong  hydrochloric  add,  and  carefully  guarded 

X'nst  rise  of  temperature,  dej^oeits  roseo-cobaltic  chloride  as  a  brick-red  pimpitate, 
*h,  after  washing  with  strong  hydrochloric  acid,  then  with  ice-cold  water,  and 
dp'ing  at  the  lowest  possible  temperature,  contains  Co*ClMONH*  -i-  2H*0.  It 
dissolves  in  water  either  cold  or  warm,  with  dark-red  colour,  which,  however,  ehacges 
after  a  while,  especially  if  the  solution  be  acidulated  with  hydrochloric  add  aud 
heated,  to  violet-red.  The  pure  aqueous  solution  when  boiled  gives  off  ammoxua  and 
deposits  hydrated  cobaltoso-cobaltic  oxide  Go'O^  -t-  «HH). 

Koseo-oobaltic  chloride  forms  double  salts  with  the  chlorides  of  the  more  electio- 
n^tive  metals. 

Purpureo-^obaUie  chloride^  Co'Cl*.10NH". — ^It  has  already  been  mentioned  that  the 
red  solution  of  roseo-cobaltic  chloride  changes  to  violet  when  heated  with  hydrochloric 
acid.  The  same  change  takes  place  slowly  in  the  dry  salt.  This  purple  modification 
is  often  formed,  together  with  the  red  one  and  sometimes  alone,  during  the  oxidation 
of  ammonio-cobaltous  chloride,  especially  if  the  temperature  is  rather  high,  and  the 
solution  contains  sal-ammoniac.  !By  boiling  the  oxidised  liquid  with  excess  of  hydro- 
chloric add,  and  oystalUsing  the  predpitated  carmine-coloured  powder  horn  water 
acidulated  with  the  same  add,  the  purpureo-cobaltic  chloride  is  obtained  pure.  It  may 
also  be  prepared  by  boiling  a  xantho-oobaltic  salt  (p.  1054), — the  nitrate  being  best 
adapted  for  the  purpose — with  hydrochloric  add;  lastly,  by  boiling  any  other  pur- 
pureo-cobaltic  sut  with  hydrochloric  acid.  It  forms  small  violet-red  or  purple  ciystaJa. 
which,  according  to  Dana,  are  dimetrie  combinations,  P  .  oo  Poo  .  Poo .  Length  of 
principal  axis  »  1*9016.  P  :  P  in  the  Uteral  edges  «  lli'^  8' ;  in  the  terminal  edges, 
107^  12'.  Specific  gravity  1*802.  The  cnrstals  are  anhydrous,  nearly  insoluble  in  cold 
water,  soluble  without  decomposition  in  boiling  water  slightly  addulated  with  hydro- 
chloric add.  A  lar^  addition  of  hvdrochloric  acid,  or  a  solution  of  an  alkaline 
chloride,  predpitates  it  slowly  in  the  cold,  quickly  on  boiling.  The  solution  yields  with 
tetrachloruie  of  platinum  a  brown-red  precipitate,  composed  of  fiat  microscopic  neediest 
containing  Co«ClM0NH«.2PtCl«. 

Cyanides.—Rosso-eobaltic  eobalticyanide,  (Co«Cy«.10NH«).Co«Cy^  +  3H«0,  is 
precipitated  by  oobalticyanide  of  potassium  from  roseo-cobaltic  solutions,  in  cherrv- 
coloured  crystals  apparently  having  the  form  of  rhombic  prisms,  insoluble  io  ooM 
water,  decomposed  by  hot  water.  The  ferrynyanids,  (Co»Cy*.10NH«).F^HY  +  aHH), 
is  an  orange-coloured  crystalline  precipitate,  possessing  similar  propertiaBi 

Oxides. — Roseo-cobaltie  oxide  is  obtained  in  solution  by  decomposing  the  solution 
of  the  chloride  with  oxide  of  silver,  or  better — since  chloride  of  silver  is  somewhat 
soluble  in  roseo-cobsltic  chloride — hy  decomposing  the  sulphate  with  baiyta^watei: 
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Th«  aolution  has  an  alkaline  taste  and  reaction,  absorbs  earbonic  acid  from  the  air, 
and  decomposes  with  facility. — Purpureo-eobaltie  oxide,  obtained  in  like  manner,  forms 
»  Tiolet-red  alkaline  solution,  whicn  absorbs  carbonic  acid  from  the  air,  and  suffers 
decomposition  when  concentrated. 

nitrates. — ^The  neutral  or  roeeo-tobaltie  nUrate  if  obtained,  as  a  shining  yellow 
precipitate,  when  an  ammoniacal  solution  of  oobaltous  nitrate  is  left  to  oxidise  in  the  air, 
(crystals  of  Fr^my's  ozycobaltic  nitrate  are  frequently  also  formed  at  first,  but  subse- 
quently disappear).  The  deep  wine-red  liquid  yields,  by  spontaneous  eTsporation,  red 
ci^'sUls,  containing  Co>(NO*)*.  1 ONH*.  -i-  2HH),  easily  soluble  even  in  cold  water.  Accord- 
ing to  Dana,  they  are  monoclinic  combinations  oo  Poo  .  (oc  Poo ) .  +  Poo  .  —  Poo  .  oo  P. 
Inclination  of  faces,  oo  P  :  oo  P  in  the  clinodiagonal  principal  section  ■■  103® ; 
00  Pod  :  >  P(0  » 140°  SO' ;  oo  Poo  :  -Poo  - 136^  From  the  solution  of  these  ciystals, 
or  from  the  original  oxidised  ammoniacal  solution,  nitric  acid  added  in  the  cold 
throws  down  a  brick-red  precipitate  of  the  hydrated  salt ;  but  on  boiling  the  liquid 
with  nitric  acid,  the  anhydrous  nitrate,  Co'(NO')*.10NH',  is  thrown  down  as  a  Tiolet- 
red  crystalline  precipitate.  It  dissolTes  in  dilute  ammonia  and  separates  from  the 
solution  by  spontaneous  evaporation  in  dimetric  crystals  P  .  Poo  .  oo  P  .  oo  Poo  .  3P3. 
Inclination  of  P  :  P  in  the  lateral  edges,  «■  82^  40'.  This  anhydrous  salt  is  nearly 
iuHoluble  in  cold  water,  mure  soluble  in  hot  water,  but  the  solution  is  easily  de- 
composed by  heat ;  addition  of  nitric  acid  prevents  the  decomposition.  The  anhy- 
drous salt  explodes  when  heated,  giving  off  nitrous  vapours,  and  leaving  black 
sesquioxide   of  cobalt— A  haeio    nitraU,  probably  CoH)*.2N<O*.10NH*-i>7fl'O,  d^ 

/p  \y,^3  [  O*.10NH'  -I-  6H*0,  is  obtained  in  purple  scaly  crystals,  when  a  solution  of  the 

hydrated  neutral  nitrate,  mixed  with  a  large  quantity  of  nitrate  of  ammonium  and  a 
little  free  ammonia  is  left  to  evaporate.  These  crystals  are  decomposed  by  solution 
in  water,  and  when  boiled  with  hydzodiloric  acid,  yield,  with  brisk  effervescence,  a 
purple-red  uoluUon  and  a  deposit  of  purpureo-cobaltic  chloride  (Gibbs  and  Genth). 
Both  this  basic  nitrate  and  the  anhydrous  neutnd  nitrate  appear  to  belong  to  the 
so-called  purpureo-cobaltic  group.  Kiinzel,  by  exposing  an  ammoniacal  solution  of 
cobaltous  nitrate  to  the  air  till  it  had  acquired  a  dark  olive-brown  colour,  and  then 
adding  nitrate  of  ammonium,  obtained  a  yellow  crystalline  precipitate,  to  which  he 
assigns  the  formula  2(Co<OM0NH«).6N'O\ 

Oxalates, — Soseo^eobaltic  oxalate  is  precipitated  by  oxalate  of  ammonium  from 
a  solution  of  the  chloride  immediately,  from  the  nitrate  very  slowly ;  it  may  be  pori- 
fied  by  recrystallisation  from  water  containing  ammonia.  The  cherry-oolouzed  crys- 
tals, which  are  rhombic  prisms  of  101®  48',  with  a  brachydome  of  108®  64'  contain 

iCo*V^  1  ^'^^^^'  +  ^* '»  ^^  '^  nearly  insolubls  in  pore  water.  Hie  basic,  i^  pur- 
pureo-cobaltic oxalaie,  (n^i  [0*.6NH'  •«-  8aq.,  separates  in  riolet-red  needles  on 

adding  oxalatB  of  ammonium  to  a  solution  of  purpureo-cobaltic  chloride. 

Oxalo-sulphates.—Ask  acid  oxalo-sulphtOe,  Co*O*.2CK)*.2SO'.10NH*  •»•  8aq.  or 
(C«0»)»    ) 

(SO')'  O*.10NH*  +  2H'0,  is  obtained  in  brick-red,  ill-defined  needles  by  boiling 
(Co»)'»H») 

roseo-cobalUc  sulphate  for  several  hours  with  excess  of  oxalic  acid.    The  solution  of 
this  salt  assumes  a  violet-red  colour  on    addition  of   ammonia,  and,  if   exactly 
neutralised,  yields  by  evaporation  prismatic  crystals  of  the  neutral  oxalo-suiphate, 
(CO*)") 
(SO')"  f  OMONH*  +  7H'0,  which  is  more  soluble  than  the  add  salt  and  is  easily 

decomposed  by  boiling. 

Sulphates. — Roseo-cobalUc  sulphate  is  generally  (but  not  always)  produced  in  an 
ammoniacal  solution  of  cobaltous  sulphate  by  atmospheric  oxidation,  the  liquid  be- 
coming first  brown  and  then  dark  red.  On  carefully  adding  sulphuric  acid  to  this  red 
solution,  the  sulphate  is  deposited  as  a  brick-red  crystalline  powder,  which  may  be 
purified  by  washing  witli  cold  water  and  recrystallisation  from  a  slightly  acidulated 

solution.    Ths  eheny-colonzed  crystals,  containing  (^')'«i{0'-l<>^^  -*-  ^^*0>  *^ 

according  to  Dana,  dimetric  combinations,  P  .  2P  .  Poo .  OP  .  ooP  .  ooPoo .  Inclination 
of  P  :  P  in  the  terminal  edges  » 107^  20'.  Length  of  principal  axis  - 10866.  The 
salt  is  nearly  insoluble  in  (»ld  water,  sparingly  soluble  in  boiling  water,  and  crystal- 
lises from  the  solution  on  cooling.  It  dissolves  in  dilute  ammonia,  and  crystallises 
onaltersd  ttom  the  purple-red  solution.     On  boiling  the  neutrsl  salt,  a  dark  brown 
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powder  Mparates,  which,  aftflr  drying  in  the  air,  oontains  Oo*0*  <f  SHK),  while  l«too> 
eobaltic  eolphate  remaioe  in  lolution,  being,  howerer,  paitielly  deeompoMcL 
An     sM     (purpur0(H»baUie)     9ulpkiu,     Go'O*.48O*.10NH*     4-     6IP0,     or 

(^^^lo^.lONH"  +  4H*0,  ie  obtained  by  mixing  the  anhydroos  ehloride  (p.  M) 

with  oil  of  yitriol  to  a  thick  pulp,  dilating  the  Mlntioii  with  twice  its  bnlk  of  watec; 
as  soon  as  the  erolution  of  hydrochloric  acid  has  ceased,  then  washing  the  Tiolet-ied 
needles  which  separate  with  a  little  cold  water,  and  pressing  them ;  also  by  adding  oil 
of  Titriol  to  roseo-cobaltic  sulphate  till  an  oily  liquid  is  produced ;  digesting  this  fctr  as 
hour  or  two,  taking  care  to  avoid  escape  of  oxygen,  diluting  the  evolred  purple  eoltttioii 
with  an  equal  bulk  of  water,  and  reczystallising.  The  crystals  are  red  mnns ;  acoord- 

ing  to  Dana,  rhombic  hemihedral  combinations,  odP  .  oof  oo  .  jl^oo  .  tr .  otP%,  In- 

dination  of,  ooP  :  ooP  »  IO6O;  ^¥»ao  )?<»,  on  the  principal  axis  -  122<' iS'.  The 
salt  has  an  acid  taste  and  reaction,  dissolyes  easily  in  water,  but  is  quickly  oonTerted 
into  the  neutral  (roeeo-cobaltic)  sulphate ;  especially  by  slow  evapomtios  of  a  eolntioo 
prepared  with  the  aid  of  heat.    (G 1  bb s  and  G en  th.) 

Sulphite.   (^r^|o«.6NH*-^{H'0.~Bhick-brown,heavy,amo(phous  pxedpitats, 

foimed  when  sulphurous  acid  gas  is  nassed  through  a  dilute  ammoniacal  solution  at 
decammonio-cobaltic  chloride ;  also  by  passing  the  gas  through  water  in  which  tri* 
ammonio-cobaltic  sulphite  (p.  ^6)  ie  suspended.  It  ie  insoluble  in  oold  water,  and  is 
decompoeed  by  boiling  water.    (E  ii  n  z  e  1.) 

KiTBOso-DacAMMOKio-coBAi^Tic,  or  Xahtho-cobaltic  Salts.  (Gibbs 
and  G  e  n  th,  ioe,  eit.) — These  salts  are  produced  by  passing  the  nitrons  raponrs  erolTed 
from  a  mixture  of  nitric  acid  and  starch  or  sawdust,  into  ammoniacal  solutions  of 
cobaltous  salts,  or  into  neutral,  acid,  or  ammoniacal  solutions  of  roseo-  or  purpnreo- 
eobaltic  salts.  The  gas  is  absorbed ;  fumes  of  carbonate  of  ammonia  make  their  appear- 
ance ;  the  liquid  gxadualiy  assumes  a  dark  reddish-brown  oolonr,  and  then,  on  cooling, 
generally  deposits  a  xantho-oobaltio  salt. 

Xantho-eobaltic  salts  are  brownish-yellow,  more  soluble  in  water  than  the  poeeo- 
or  purpureo-cobaltic  salts,  the  dilute  solutioDS  having  a  yellow,  the  more  concentrated 
solutions  a  dark  brown  colour.  They  decompose,  though  not  easily,  when  theee  eolu^ 
tions  are  boiled — sometimes  also  below  the  boiling  temperature — giving  off  ammonia 
and  depositing  a  dark-coloured  heavy  powder.  The  addition  of  a  few  drops  of  acetic 
acid  prevents  this  decomposition ;  but,  on  adding  a  small  quantity  of  an  inorganic  add, 
nitric  oxide  gas  is  evolved,  and  a  purpureo-cobaltic  salt  is  formed,  which,  howevtr,  ie 
difficult  to  separate  from  the  undecompoeed  xaotho-oobaltic  salt 

The  xantho-eobaltic  salts  appear  to  have  the  composition  of  trisalts  of  eobalt, 
associated  with  10  at.  NH",  1  at.  N'O',  and  1  or  2  at.  water. 

The  chloride,  or  rather  oxychloride,  OoH)ClM0NH«.NH>*  +  HH),  is  not  pro- 
duced  by  either  of  the  reaetions  just  mentioned,  but  may  be  prepared  by  deeompoeing 
the  sulphate  with  chlorTde  of  barium,  and  evaporating  the  filtrate  at  a  gentle  heat, 
after  aading  a  few  drope  of  acetic  acid.  It  forms  brownish-yellow,  iridescent  crystals. 
Its  solution,  mixed  wiUi  trichloride  of  gold^  yields  a  double  salt,  which,  by  recrystal* 
lisation  from  hot  water,  is  obtained  in  brownish-yellow,  iridescent  prisms,  oontaining 
Co«OClM0NH».N«O«.2AuCl«+  2H*0.— The ehUroplatinate,  CoH)Cl*.10NH».N«O». 
2PtCl*  +  2H'0,  is  nearly  insoluble  in  water,  but  may  be  crystallised  from  hot  dilute 
hydrochloric  acid.  The  chloromer curate,  Co'OCKlONH*.N*0'.4^rCl<  ^  2H*0, 
is  obtained  by  precipitation  in  pale  brownish-yellow  laminie;  by  recryst^liaation  from 
hot  slightly  acidulated  water,  in  brownish-yellow  needles. 

Xantho-eobaltic  ferrocyanide,  CoK)Cy*.10NH«.N»O«.FeCy«  +  THK),  ia 
obtained  by  precipitating  the  nitrate  with  ferrocyanide  of  potassium  (the  eolntiona  of 
the  chloride  and  sulphate  are  merely  douded  by  that  reagent)  in  orange-yellow 
pismatic  crystals,  which  give  up  their  water  easily  and  without  deoompoaition,  an 
insoluble  in  oold  water,  decomposed  by  hot  water. 

The  At rra^tf,  which  is  a  basic  salt,  oontaining  CoK>«.2K'O*.101fH>.2^O'  -l-  HH>, 

er  ^Q^v^Ws[OM0NH'.KK>*,  fcrms  light  brownish-yellow,  quadratic  prisms,  haviiy 
P  :  P  in  the  htteral  edges  between  100^  45'  and  101<»  16'. 

The  oxalate,    C6«O«.2C»O».10NH».N»O«  +  5H«0  -  {^^g,|o*.IO»H»JTO«  + 

4HH),  is  obtained  by  precipitation  in  yellow  acumisatad  erystftlSk  iaaolnble  in  eol^ 
sparingly  soluble  in  boiling  water,  decomposed  by  boiling. 
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The  smlphaU,  CoK)«.2SOM(JUHM9H)«+ HK),  or  ^^J^,|o».10N^.N»O«,  ery^ 

tallisM  in  thin  plates,  appamntW  rhombic  It  disflolYM  in  strong  solphnrie  acid,  giying 
off  but  little  nitric  oxide,  and  rozming  a  red  oily  liquid  which  eives  off  nitric  oxide 
abundantly  on  addition  of  water,  while  the  remaininff  li(]uidi  consists  chieflj  of 
ammonio-cobaltous  sulphate,  usually  mixed  with  a  small  quantity  of  acid  purpnreo- 
cobaltic  sulphate. 

DoDBCiLMXoirio-coBALTic,  or  LnTBo-coBAi.Tic  Salts.  Fr6my ;  Gibbs 
and  Genth,  ^.  ci^. )—^Th6se  salts,  discorered  by  Fr^my,  are  often  produced  by  the 
direct  oxidation  of  ammonio-cobaltous  solutions ;  frequently  also  by  the  decomposition 
of  pentammonio-cobaltic  salts,  although  their  molecule  contains  an  additional  atom  of 
ammoniflL  They  are  of  yellow  or  brownish-yellow  colour,  more  soluble  in  water  than 
the  roseo-cobaltic  salts,  and  yield  brownish-yellow  solutions.  They  are  very  permanent 
in  presence  of  acids,  but  are  decomposed  by  continued  heating  with  sulphuric  acid ;  in 
neutral  or  allukline  solutions  they  are  easily  decomposed  by  boiling. 

Luteo'cobaltic  chloride,  Co^Cl*.  1 2NH',  is  often  formed  during  the  oxidation,  by 
exposure  to  the  air,  of  an  ammoniacal  solution  of  dichloride  of  cobalt  mixed  with  a 
large  quantity  of  coarsely-pounded  sal-ammoniac  (in  other  cases,  the  products  are 
ruaeo  and  purpureo-cobaltic  chloride) ;  almost  always,  if  the  ammoniacal  solution  con- 
tains sulphate  of  cobalt  as  well  as  chloride :  in  the  latter  case,  a  salt  is  fonned  contain- 
ing sulphuric  and  hydrochloric  acids,  and  this,  when  boiled  with  hydrochloric  acid 
and  chloride  of  barium,  yields  a  solution  of  luteo-cobaltic  chloride.  Tnis  salt,  purified 
by  rep<»ated  crystallisation,  forms  brownish  orange-coloured  crystals  of  specific  gravity 
1*7016.  They  belong  to  the  trimetric  system,  and,  according  to  Dana,  exhibit  the 
faces  ooP  .  Or  .  Poo .  3!^ao ,  two  faces,  ooF3,  on  one  side  only  of  the  macrodiaeonal, 
and  four  faces.  |P,  lying  in  one  zone.  Inclination  of  odP  :  ooP  ^  113®  16'.  It  dis- 
Bolyes  easily  in  boiling  water,  and  separates  for  the  most  part  as  the  solution  cools. 
It  is  precipitated  unaltered  by  hydrochloric  acid  and  the  chlorides  of  the  alkali-metals. 
Boiling  aqueous  ammonia  decomposes  it  slowly,  with  formation  of  chloride  of  ammonium 
and  a  dark  brown  oxide  of  cobalt 

Concentrated  solutions  of  luteo-cobaltic  chlc«ride  and  tetracUoriie  cf  pUstvuMm  yield 
orange-coloured  needles  of  a  chloropktinate  containing  Co'Cl*.3PtCl*.12NH'  •«-  6aq. ; 
dilute  solutions  deposit  yellow  needles  of  the  same  compound  with  21  at  water; 
these,  according  to  Dana,  are  monodinic  combinations  ooP  .  ooPoo.  OP.  Inclination 
of  ooP  :  ooP,  in  the  dinodiagonal  section,  »  107®  10' ;  OP  :  ooPoo  =  114®  16'.  The 
ezystals  are  often  twins  united  by  the  face  OP. — IVichhridt  of  gold  forms  with  luteo- 
cobaltic  chloride  a  yellow  precipitate,  consisting  of  small  granular  crystals,  CoCl*. 
2Aua>.12NH».  ^  ^  J 

Luteo'cohaliio  iodide,  Go^M2NH',  is  thrown  down  by  iodide  of  potassium  from 
luteo-cobaltic  solutions,  as  a  yellow  precipitate,  nearly  insoluble  in  cold  water,  mode- 
rately soluble  in  hot  water,  and  separating  in  brownish-yetlow  crystals  on  eyaporation. 
The  bromide  is  obtained  in  like  manner  as  a  deep  yellow  precipitate,  in  other  rwpect« 
xesembling  the  iodide. 

Luteo-cobaltie  CoAa/<iryanfrf«,(C6«Cy.l2NH").Co»Cy«  +  H«0,  is  precipitated 
by  cobalticyanide  of  potassium  as  a  yellowish  flesh-coloured  precipitate  composed  of 
microscopic,  oblique  rhombic  crystals.  Ferricyanide  of  potoMtum  forms  an  orange- 
yellow  precipitate,  exhibitiBg  the  same  forms  under  the  microscope. 

Luteo-cobaltic  Oxide.^By  deoompoAng  the  sulphate  wrtii  beryta-wafeer,  a 
brownish-yellow  alkaline  solution  is  formed,  which  absorbs  carbonic  acid  from  the 
air,  and  is  decompoeed  by  eyaporation,  with  eyolution  of  anmionia  and  deposition  of  a 
black  powder. 

Luteo-eobaltic  Nitrate,  Co*(KO*y.l2NH",  separates  from  an  oxidised  solution 
of  ammonio-oobaUous  nitrate  in  orange-coloured  ciystalline  laminae,  the  supernatant 
liquor  being  usually  red  and  containing  roseo-oobaltic  nitrate.  The  salt,  purified 
by  recijstalUflation,  forms  crystals  belonging  to  the  dimetric  system,  with  the  faces 
P.  3P.0P.  AngleofP:  Pin  the  lateral  ^ges  »  110<>  20';  of  SP  :  8P  mthe  same 
«»  163°  62'.    Length  of  principal  axis  for  P  »  10161. 

Carbonatf9.^Th9neutralcarbonate,^T6bahljCQ\CG*Y.l2^R*  +  7H«0,i8obteined 
by  decomposing  a  solution  of  the  chloride  with  carbonate  of  si  Iyer,  and  leaving  the 
liquid  to  eranevate  in  rhombic  ciystals,  ooP  .  ooj^oo .  f  oo .  Inclination  of  ooP  :  odP 
» lia®  SO' ;  Poo :  :^<»  on  the  principal  axis  »1U«  16'.  If  the  air  has  had  access  to 
the  solution,  the  oystals  are  generally  mixed  with  those  of  the  acid  salt  The  acid 
cnrhoudte,  (Co»)'*H"0*0".12NH«  +  6aq.,  separates,  on  passing  carbonic  acid  gas  into  tha 
solution  of  Um  nentnl  salt,  in  lai^  brown -red  crystals,  which,  according  to  Pana,  are 
monocKjdc  combinations,   odP  ,  ooPoo .  [  ooPoo]  .  OP  .  —  P  .  +  2Poo .    Inclinati9n  of 
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odP  :  odP,  in  the  dioodiagonal  loetion,  ^%6^  64';  OP  :  odP  »  102®  2(K;  OP  :  •?•» 
-  71®  44';  OP:  -P«139*60';  ooP  :  +2P»  -  110°  40'. 

Oxalat  es, — ^The  neutral  oxalate  is  thrown  down  by  oxalate  of  ammonia,  aa  a  reddish* 
yellow  precipitate  composed  of  slender  needles,  insoluble  in  water,  easily  soluble  in 
oxiilic  acid,  and  separating  therefrom  in  wine-yellow,  efflorraoent,  prismatae  ciyatak, 
containing  Co*(C>0<)M2NH"  +  4HK).    The  acid  oxalate  was  not  obuined. 

Luteo-cobaltie  sulphate  is  obtained,  mixed  with  the  chloride,  when  an  amm^ 
niacal  solution  of  cobaltous  sulphate  and  chloride  mixed  with  a  large  excess  of  coarsely 
pulverised  sal-ammoniac,  is  left  exposed  to  the  air.  The  crystalline  mass  depoeitedat  the 
bottom  of  the  vessel  is  dissolved  in  hot  water;  the  filtrate  is  acidulated  with  a  few  drops 
of  sulphuric  acid  and  treated  with  sulphate  of  silver ;  and  the  liquid,  after  filtration  and 
concentration,  is  left  to  crystallise.  The  salt  is  also  (though  not  constantly)  produced  by 
the  action  of  strong  ammonia  on  roseo-cobaltic  sulphate,  the  change  consisting  simply 
in  the  assumption  of  2  at  NH' :  also  as  a  product  ox  the  decomposition  of  xiDBeo-cobaltie 
sulphate  (a  salt  of  another  base,  not  yet  f\irther  examined,  called  by  Genth  and  Oibbs 
praveo-ooidt,  being  sometimes  formal  simultaneously).  The  wine-yellow  crystals  of 
luteo-cobaltic  sulphate  oonUin  Co*(SO*)M2NH*  +  5H*0,  and  g^ve  off  4  at  water  in  dry 
air,  or  in  vacuo.  According  to  Dana,  they  are  trimetric  combinations,  aeP  .  OP  .  {P . 
{P  .  8^00  .  :Pao  ;  also  with  SPoo  or  ooj^  .  Poo  .  8^ao  ;  also  with  OP  and  Poo .  In- 
clination of  ooP  :  ooP  »  US'"  38'  and  66®  22' ;  oo^}  :  oo^  -  88®  44'  and  Vl^*  16'; 
^  OD ;  P  OD,  on  the  principal  axis  »  112®  8' ;  Poo  :  J^oo ,  also  on  the  same  s  88®  22' ; 
Luteo-cobaltic  sulphate  is  isomorphons  with  the  chloride,  and  the  two  salts  are  capable 
of  crystallising  together  in  all  proportions. 

Luteo-eobaUio  chroma  te,  obtained  by  precipitation  (pure  only  f^m  the  nitrate), 
.s  yellow,  soluble  in  hot  water,  and  separates  therefrom  in  yellow  crystals.  This  salt 
also  crystallises  in  all  proportions  with  the  chloride.    (G i  bb s  and  Genth.) 

Amxokio-fbbcobaltic  Salts,  or  Oxtcobaltxc  Salts.  FrAmy  (loc.  dtX 
— ^These  salts  contain  5  at.  ammonia  associated  with  a  basic  salt  of  dioxide  of  cobalt. 
Thus,  the  nUrate  is  GoO^N'0*.6NH«.  +  H«0,  and  the  tulpkate,  CoO^SO'.dKH*  *  fH^O. 
They  are  produced  by  the  action  of  the  air  on  concentrated  solutions  of  ammonio- 
oobfdtous  nits.  They  have  generally  an  olive-brown  colour ;  crystal  line  well,  are  but 
slightly  soluble  in  the  ammonial  liquid,  and  aro  decomposed  by  water,  especially  when 
hot,  with  evolution  of  oxygen,  liberation  of  ammonia,  and  separation  of  a  green  basie 
salt  containing  the  oxide  00*0*.  The  nitrate  of  this  group  was  first  preparod,  though 
not  analysed,  by  L.  Gmelin.    {Handbook,  v.  342.) 

The  oxycobaltic  salts  may  be  supposed  to  contain  the  diatomic  base,  GoO,  thus : 

ThB  nitraU     -     ^^^.l  \  0«.6NH«. 

ThB  mdphate   -     j^^l|o«.6NH«. 

OiHeral  forfmdm  of  the  Ammoniacal  (hbaU'Compounds. — ^These  compounds  maybe 
represented  as  anunonium-talts,  in  which  part  of  the  hydrogen  in  one  or  more  molacolsa 
of  JNfH*  is  replaced  by  ammonium  itself,  and  another  portion,  in  the  ammonio-cobaltoos 
salts,  by  the  diatomic  radicle  Go's 59;  in  the  ammonio-cobaltic  salts  by  the  hex* 
atomic  radicle  Go***  118  ;  and  in  the  ammonio-pereobaltic  salts  by  the  diatomic  radicle 
(GoO)'ss75.  Sneh  formuln  have  been  proposed  by  Weltcien  (Ann.  Ch.  Pharm. 
zerii.  19),  and  H.  Schiff  (Gompt  rend.  bii.  411). 

In  the  following  formnitt,  which  are  nearly  the  same  as  those  of  SehiiT,  the  symbol 
Am  stands  for  NH*  and  X  for  a  monatomic  add  radicle,  such  as  nitryl,  NO*. 

a.  TetrammonioK»baltous  salU N«(Oo*'Am^«  |  ^ 

$.  Hexammonio-cobaltoas  salts ^  X*  r  ^ 

7.  Pentammonio-peroobaltie  (oxycobaltic)  salts         .  IT         2*  f  ^ 

8.  Octammonio^baltic  (fyiso^»baltic)  salt!     .  ^(^^*^^^^^  \  0« 
«.  Deeammonio-oobaltio  salts : 

Tetracid,  or  Purpnreo-oobaltic       .        .       .  ^•[(C6«)'«Aj^^\^^ 

Hexadd,  or  Boeeo-cobaltio    ....  i\      )  Kq^ 

C  X«.tlKH»britie  MlU N.[(Co.rA»W'(»0§Jo. 

*  Dodeeamiiioiu»«ol>iatie  (IntMHSolwltic)  Mdta  N^(Co»)^Aai«^|0, 
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Some  of  these  formuls,  viz.  those  of  the  fuseo-,  purpareo-,  aDdzantho-cobaltie  ialti 
diflbr  by  2  at.  H  from  those  preriously  giren ;  bat  in  oomponndB  of  such  complexity 
tlw  quettion  of  a  molecule  of  hydrogen  more  or  less  can  scarcely  be  decided  by  analysis. 

The  formulA  of  the  chlorides  and  oxychlorides  are  deduosd  from  those  in  the  table 
by  substitating  ]  or  more  at  CI  for  a  corresponding  number  of  atoms  of  XO. 

The  salts  /3  are  transformed,  by  the  joint  action  of  ammonia  and  oxygen  into  7, 
and  these,  by  ftirtber  oxidation,  are  resolved  into  ammonia  and  the  salts  8,  which 
again,  by  addition  of  2  at.  NH*  are  transformed  into  c ;  and  these  last  by  the  further 
action  of  ammonia,  yield  n.  The  salt  (are  formed  by  the  action  of  nitrous  ncid  on 
«,  and  are  reconrerted  into  the  tetracid  salts  c,  with  eyolution  of  nitric  oxide,  by  the 
action  of  strong  acids. 

For  Weltden's  formnls,  see  Orakam*s  BXemmts  of  Chemiatru^  2nd  edition,  ii.  721. 
Gibba  and  Qenth  object  to  the  representation  of  these  compounds  as  ammonium- salts, 
and  express  their  composition  by  means  of  formuls  inrolving  so-called  conjugate 
radicles,  such  as  6NH'.Co*  in  the  luteo-cobaltic  salts,  and  N0.6NH'.Co*,  in  the 
zanthooobaltic  salts.  It  is  not  easy  to  say  what  is  gained  by  such  a  mode  of  rcpre- 
•entation. 


C  Erphrii^,  Prismaiie  Red  Cobait,  Red  Cobalt-Ochre,  Cobalt- 
MJM,  KobaU'UiUke.'^A  hydrated  arsenate  of  cobalt,  Co*AsK)«  +  4H*0,  or  3Ck)0.As<0* 
•f  8H*0,  ooeomng  in  monoclinic crystals,  in  which  the  orthodiagonal,  dinodiagonal,  and 
prindpal  axis  are  as  1*3818 : 1 :  0*9747.  Inclination  of  dinodiagonal  to  principal  axis  « 
70*  64';  obP:  a>P-lll<>  IS*.  Observed  laces  +  P  00.  +  P  .  [ooPool.  [ooK]  . 
«bP{  .  ooPoo  sometimes  with  +  8P00  and  +  |Pao  between  odPoo  and  -fPoo .  The 
faces  obPoo  and  •»-  Poo  are  yertically  striated.  It  is  likewise  found  in  glo- 
balar  and  Termifonn  masses ;  also  pulverulent,  incrusting.  Specific  gravity  » 2-948. 
Hazdness,  1*6 — 2-6,  least  on  [  ooFoo  ].  Lustre  on  [  odPoo  ]  pearly ;  on  the  other 
Hmcs,  adamantine  inclining  to  vitreous.  Colour,  red  of  various  shades,  grey  and  green, 
the  red  tints  incline  to  blue  when  viewed  at  right  angles  to  deavage.  Streak,  peach- 
blossom  red.  Sectile.  Flexible  in  thin  plates. 
Analyses  of  cobalt-bloom  from  Schneeberg  by  Karsten  (Pogg.  Ann.  Ix.  261),  gave 

A8«0»  CoO  FeO  QiO  H«0 

88-43  36-62  1*01              —  2410  «  100*06 

88-80  83-42  401              —  2408  -  9981 

88-10  2919  —  800  23*90  »  9919 

The  formula  requires  38*43  As*0^  37*63  CoO,  and  24*02  water. 

The  mineral,  when  heated  in  a  tube,  yields  water  and  turns  blue  if  pure,  green  if  it 
contains  nickel  or  iron.  Before  the  blowpipe,  on  charcoal,  it  gives  an  arsenical  odonr 
and  melts  in  the  inner  flame  to  a  dark  grey  bead  of  arsenical  cobalt;  gives  with  fluxes 
the  usual  cobalt  reaction.    Dissolves  easily  in  acids. 

Earthy  cobalt-bloom  {KobaU-brechlag),  of  peach>blossom  colour,  is  arsenate  of 
cobalt  with  free  arsonious  acid.  A  specimen  from  Schneeberg  analysed  by  Karsten 
gave  6100  per  cent  As'O',  1910  As*0^  16*60  CoO,  2*10  FeO,  and  11*90  water 
(b  100*70),  with  traces  of  nickel,  lime,  and  sulphuric  acid. 

Cobalt-bloom  occurs  in  minute  crystals  at  Schneeberg  in  Saxony,  Saalfeld  in  Thu- 
ring^,  Biechelsdoi^  in  Hessia,  Wolfach  and  Wittichen  in  Baden,  and  Modum  in  Nor- 
way. The  earthy  varieties  are  found  in  Dauphiny,  in  Cornwall,  and  near  Alston, 
Cumberland.  A  green  variety  occurs  at  Flatten  in  Bohemia.  The  mineral  is  also 
found  at  Prince's  mine.  Lake  Superior,  in  calcite.  When  abundant,  it  is  used  for 
the  manufacture  of  smalt.    (Dana,  ii.  407.) 

OOaA&T-B&ua.  A  pigment  of  a  flue  blue  colour,  like  that  of  ultramarine, 
obtained  by  mixing  the  solution  of  a  cobalt4alt,  perfectly  free  from  iron  and  nickel, 
with  a  solution  of  pure  alum,  precipitating  with  an  alkaline  carbonate,  carefully  wash- 
ing the  precipitate,  then  drying  and  igniting  it  strongly.  It  is  a  compound  of  protoxide 
of  cobalt  and  alumina,  and  is  used  both  as  oi  and  water  colour. 

COBA&T-O1kja.jrca.     See  CoBALTiKB. 

COaA&T«CISXBV.  Rinman\t  Green, — A  permanent  green  pigment  prepared 
by  precipitating  a  mixture  of  the  sulphates  of  sine  and  cobalt  with  carbonate  of 
sodium,  and  igniting  the  precipitate  after  thorough  washing  ;^-or  by  mixing  a  sulutioa 
of  nitrate  of  cobalt  with  oxide  or  nitrate  of  zinc,  then  evaporating  |ind  igniting. 


Cobalt-alanee,    Glance-cobalt,  BUver-white  cobalt.  Cobalt  gris.- 

A  native  sulpharsenide  of  cobalt,  Co*A8-S«  or  CoAs'.CoS*,  occurring  in  forms  of  the 
regular  system,  viz.  the  cube,  octahedron,  pentsgonal  dodecahedron,  and  several  com- 
binations of  these  forms.  Cleavage  parallel  to  the  cubic  faces.  Also  massive,  granular 
or  compact.     Specific  gravity  »  6 — 6*3.     Hardness  •=  6*6.     Fracture  imperfect,  cou- 

VoL.  J.  8  y 
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ehddal,  imereiL  Opaque,  with  metallic  lustre.  Colour  ailTer-irhite,  indining  to  eoppe^ 
red,  ooeanonally  tarnished.    Streak,  greyiah-bUck.    Brittle. 

Befbie  the  blowpipe,  it  girea  off  fnmea  of  arsenic,  and  jridds,  after  xoaatiiig,  a  daQ 
black  feebly  magnetic  globule,  which  colonm  borax  blue.  It  dissolres  in  warm  nitrie 
add,  leaving  a  residue  of  areenioua  acid. 

Analysei, — a,  from  Skutterudby  Stromeyer;  6,  from  Siegen  by  Scfanabel;  e,  frvm 
Oiowitsa  in  the  Banat  by  Hnberdt ;  <f,  from  the  same  by  Paten ;  e,  frtmi  Skntterad  by 
Eblnbghaus ;  /,  from  Siegen  by  Schnabel    {RammUtber^»  Mtneralekemie^  p.  80.) 

As           Sb  S 

43-46  .  2008  -    99-88 

44-76  .        .  19-10  -  100-00 

4413  .        .  19-76  -  10000 

43-63  .        .  19-78  «  10000 

43-68  .        .  20-68  -  100*34 

42-63  2*84  19-98  «  10000 

The  formula  Co*As^*  requires  35*5  Go,  46*2  As,  and  19-3  S.  In  analysis  /,  three- 
fourths  of  the  cobalt  is  replaoed  by  iron. 

Cobaltine  occurs  in  large  splendid  oystals  atTonabog,  Riddarhyttan,  and  Hokaadw 
in  Sweden,  and  at  Skuttenid  in  Norway.  It  is  also  found  at  Qnerbach  in  Silesia, 
Siegen  in  Westph^Si  and  seyeral  localities  in  Cornwall.  This  species  and  sraaltias 
afford  the  greatest  part  of  the  smalt  of  commerce.  The  most  produotiTS  mines  ai« 
those  of  Vena  in  Sweden.    (Dana»  ii.  68b) 

OOBA&V-MZOA-    Syn.  with  Cobalt-bloox. 

OOBAIiT-niUTaB*    See  Cobalt,  Sulphidbs  or  (p.  1060). 

OOBA&T-VXTmzo&.  BiAerite,  Red  Cobalt,  RhodaUm,—  Hydrated  native  nl- 
bhate  of  cobalt,  of  somewhat  Tariable  constitution,  found  in  stalactites,  and  cnisti 
mresting  other  minerals,  in  the  rubbish  of  old  mines  at  Bieber  near  Hanan,  aisd  at 
Leogang  in  Sakbuig.  It  is  translucent,  with  flesh-red  or  rose-red  colour  and  ritivous 
lustre.  A  specimen  analysed  by  Winkelblech  ^Ann.  Ch.  Pharm.  xiii.  266),  after 
being  freed  by  solution  and  filtration  from  admixed  manganous  arsenate,  yielded 
2906  SO*,  19*91  CoO,  387  MgO  and  46*83  water,  agreeing  nearly  with  the  formuU 
(C6>Mg).(S0«)'  -I-  28  aq. 

llWm    This  compound,  dtscovared  by  Saint-^yre  in  1862 


(Ann.  Ch.  Phys.  [3]  xxxviii.  177),  and  further  examined  by  A.  Stromeyer  (Ann. 
Ch.  Pharm.  x^n.  218),  is  produced  by  the  action  of  nitrite  of  potassium  on  oobaltous 
salts.  8aint-£Tre  regards  it  as  a  compound  of  peroxide  of  nitrogen  with  oobaltoos 
oxide  and  potash,  CoO.K«0.2N»0«  or  CoKK)«(NO«)« : 

Co(NO»)»  +  4HN0»  +  8KN0«  «  CoKH)«(NO«)«  +  6KN0«  +  2N«0«  -¥  aH»0. 
Kitrateor  Nitric  NltriUof         Gobalt-jreUow.  Nitrate  of  Nitric 

cobalt  add.  pouualun.  potaatium.         oxide. 

Stromeyer,  on  the  other  hand,  regards  it  as  a  basic  potasaio-cobaltie  nitrite, 

CoK)*.3EK)«6N*0'  or  (^hk«{<>"'  ^  ▼^e^  supposition  its  foxmataon  may  be 
represented  by  the  equation : 

Nltrataof  Nitrite  of  ColMlt.7ellow.  Nllraleor 

cobalt.  polaatlum.  potaaiioa. 

The  compound  is  prepared:  1.  By  adding  an  alkaline  solution  of  nitrite  of  potis 
mum  (obtained  by  passing  the  nitrous  Tapours  cTolyed  fipom  a  mixture  of  nitrate^  ol 
potasshrai  and  starch  into  caustic  potash)  to  an  add  solution  of  nitrate  of  cobalt  — 
2.  By  adding  potash,  not  in  excess,  to  a  solution  of  nitrate  of  cobalt,  so  as  to  throw  down 
a  blue  baaae  oalfc  (p.  1043),  treating  this  with  a  slight  excess  of  nitrite  of  potassium, 
and  adding  nitric  add  in  a  thin  stream  from  a  pipette. — 3.  By  treating  nitrate  of  cobah 
with  a  slight  excess  of  potash,  so  ss  to  throw  down  the  rose-eoloiued  hydrate,  and 
passing  nitrie  oxide  gas  into  the  mixture.— It  forms  a  bright  yellow  crystalline  powder 
composed  of  microscopic  four-sided  needles  with  pyramidal  summits.  It  is  iimuUe 
in  cold  water,  also  in  alcohol  and  ether,  but  when  boiled  with  water,  it  graduallT 
dissolves,  with  erolution  of  add  vi^nrs,  and  the  solution,  if  subsequently  oTaperated, 
yields  a  lemon-yeUow  salt  of  different  compositioii.  Nitric  add  and  hydrochloric  add 
do  not  act  upon  it  in  the  cold,  but  decompose  it  at  the  boiling  heat  with  erolntion  of 
nitrous  TapourB.  SuJbhydric  add  decomposes  it  yeiy  slowly,  sulphide  of  ammoniua 
iflimediateiy  forming  Uack  sulphide  of  cobalt;  when  heated,  it  assumes  an  OKaofB** 
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jp  fallow  eoloor,  gires  oiF  water  and  afterwards  nitrous  haaee,  and  leayes  flesquioxide  of 
eobalt  mizied  with  nitrate  of  potaanom. 

Cobalt-yeUow  fbrms  an  excellent  pigment  for  artietie  puzpoeea,  having  a  beantifiil 
eolonr,  like  that  of  aolphide  of  cadmium,  great  permanence,  and  mixing  eoaily  with 
other  colouia.  Ita  formation  afibrda  also  an  excellent  method  of  separating  cobalt 
fitom  other  metals,  especially  from  nickel  (p.  1046)l. 

When  a  solution  of  lead  is  mixed  with  nitrite  of  potassium  and  aoetie  acid,  the 
liquid  assumes  a  yellow  colour,  but  no  predpitatiou  takes  place ;  but  on  adding  a 
oobalt-salt,  a  yeUowish-green  predjntate  (brownish-black  and  crystalline  from  dilute 
solutions)  is  formed,  whose  composition  is  that  of  the  yellow  oobolt-compound,  having 
haXE  the  potasainm  replaced  by  lead.    (S tromey  er.) 

COCA*  The  leaves  of  Erytkroxylon  Coca,  a  plant  cultivated  in  the  mountainous 
distzictB  of  Peru  and  Bolivia,  and  in  some  parts  of  Brazil,  are  extenidvely  used  by  the 
inhabitants  of  those  countries,  and  of  other  parts  of  South  America,  for  chewing  like 
tobacco,  for  which  purpose  they  are  mixed  with  burnt  lime,  or  the  ash  of  a  peculiar 
plants  the  0keru>podiwn  QidnoOt  according  to  Niemann.  They  possess  powernil  tonie 
and  sedative  properties,  and  the  practice  of  chewing  them  is  said  to  give  great  power 
of  enduring  fotigne,  even  on  a  scanty  supply  of  food ;  but  like  the  use  of  opium,  it  is 
Bpt  to  become  an  indispensable  necessity,  and  ultimately  produces  all  the  baneful 
effects  of  a  narcotic  poison,  such  as  hallucinations  and  premature  decay  both  of  bodv 
and  of  mind.  The  use  of  coca  is  said  toprevail  among  ten  millions  of  people  in  South 
Amerieai  the  annual  consumption  amounting  to  thirty  million  pounds  of  the  dry  leaves. 
Goca  leaves  do  not  long  retain  their  activity;  indeed  they  are  said  to  become  useless 
after  a  year's  keeping. 

Coca  leaves  contain,  according  to  Niemann  (Arch.  Pharm.  [2]  dii  120  and  291), 
a  erystaihaable  bssic  substance  called  co  caine,  a  Tolatile  odoriferous  substance^  apecu- 
liar  tannic  arid,  eocatannic  acid,  and  a  waxy  body,  coca-wax. 

The  volatile  constituent  of  coca  leaves  has  a  strong  tarry,  almost  intoxicating  odour. 
On  distilling  the  leaves  with  water  a  sliffhtly  turbid  distillate  is  obtained,  from  which 
no  oil  separates ;  but  on  saturating  it  with  conmum  salt  and  redistilling,  a  very  small 
quantity  of  a  white  non-czystaUlne  substance  is  obtained,  which  is  volatile,  fusible, 
ughtar  than  water,  and  possesses  in  a  very  high  degree  the  odour  of  the  leaves. 

Gocatannic  acid  remains  in  the  aqueous  decoction  of  the  leaves  after  the  cocaine 
has  been  precipitated  by  carbonate  of  sodium,  and  is  left  ss  a  brown-red  amorphous 
substance  when  the  liquid  is  evi^xirated.  Its  solution  is  coloured  deep  brownish-green 
by  ferric  chloride,  and  is  precipitated  by  tartar  emetic,  or  solution  of  white  of  egg,  but 
not  by  gelatin ;  it  reduces  chloride  of  gold  even  in  the  cold. 

Goca-wax  is  contained  in  the  precipitate  formed  by  lime  in  extract  of  coca  leaves 
prepared  with  alcoholic  sulphuric  acid.  It  contains  80*2  per  cent  carbon  and  13*4 
hydrogen,  agreeing  with  the  formula  CH'H)*,  and  with  the  composition  of  the  wax 
from  grass,  and  of  that  from  Syringa,  ss  determined  by  Mulder,  if  the  precipitate  be 
exhausted  with  ether,  the  ether  evaporated,  and  the  residue  repeatedly  boued  with 
alcohol,  the  solution  on  cooling  deposits  a  wax,  which  is  white^  amorphous,  very  friable, 
and  becomes  strongly  electric  by  tirituration.  It  is  insoluble  in.  water,  dissolves  slowly 
in  boiling  alcohol,  eosilv  in  ether,  sometimes,  though  rarely,  remaining  in  a  somewhat 
crystalline  form  when  uie  etheveal  solution  is  evaporated.  It  melts  at  70^  C,  and  de- 
composes when  heated.  Aqueous  alkalis  do  not  act  upon  it,  but  melting  hydrate  of 
potassium  decomposes  and  dissolves  it. 

The  substance  mixed  with  coca  leaves,  to  render  them  fit  for  chewing,  is  called 
Llipta,  According  to  Niemann,  it  is  the  ash  of  Chenopodium  Quinoa,  Giideke  found 
it  in  400 KH),  177  NaH),  66  MgO,  0-2  Fe,  46  I»0»,  18  80«,  2-6  CI,  6*7  8iO«, 
3-0  CO',  13*6  sand,  1*0  water,  and  a  trace  of  organic  matter.  (Handw.  d.  Chem.  ii. 
[2]  123.)  ^ 

OOCASVa.  C|«H»»NO«  or  C"J5n«^0».  (Niemann,  Ann.  Ch.  Phana.  cxiv.  218.) 
— ^An  alkaloid  obtained  from  coca  leaves,  resembling  atropine  in  many  of  its  jnoperties. 
Niemann  assigns  to  it  the  formula  C^H^NO*;  but  this  is  improbable^  because  the 
sum  of  the  atoms  of  H  and  N  is  an  odd  number. 

Cocaine  is  prepared  by  digesting  coca  leaves  with  86  per  cent  alcohol  containing  a 
small  quantity  of  sulphuric  acid,  mixine  the  expressed  mass  with  milk  of  lime,  neu- 
tralising the  nitrate  with  sulphuric  aci^  evaporating  off  the  alcohol,  mixiog  the  re- 
sidue with  water,  predpitating  the  resulting  yeUow-brown  solution  with  carbonate  of 
sodium,  treating  the  brown  precipitate  of  impure  cocaine  with  ether,  and  evi^rating. 
Cocaine  then  remains,  partiv  amorpaous,  partly  crystalline,  and  may  be  purified  by  re- 
peated treatment  with  alcohol 

Cocaine  crystallises  in  small,  colourless,  inodorous  prisms ;  it  has  a  slightiy  bitter 
taste,  and  produces  temporanr  insensibility  on  the  part  of  the  tongue  with  which  it 
comes  in  contact    It  u  soluble  in  704  pts.  of  water  at  12°  C,  mora  soluble  in  alcohol, 

3t2 


1060  COCATANNIC  ACID  —  COCHINEAL. 

nod  still  more  in  etber.  It  melts  at  98°  C,  and  solidifies  to  a  transparent  mass,  which 
gradnally  becomes  white  and  crystalline.  At  a  higher  temperatnre,  a  yeiy  small  yKK- 
tion  appears  to  volatilise  undecomposed,  bat  the  greater  part  is  decomposed,  yieldinf^ 
unmoniacal  products.  Cocaine  dissolves  without  colour  in  stront;  nitric  hydrochlohr, 
and  sidphuric  acid,  the  last  solution  only  becoming  bhictL  when  heated. 

Cocaine  is  strongly  alkaline ;  it  dissolves  in  dilute  acids,  and  neutralises  them  com- 
pletely. Its  salts  do  not  crystallise  readily,  the  hydrochlorate,  however,  m<»e  eafeilv 
than  the  others.  Solutions  of  cocaine-salts  yield  with  caustic  alkaJis,  a  white  prp>Hm- 
tate  soluble  only  in  a  large  excess  of  fixed  alkali,  more  soluble  in  ammonia.  Cario- 
nate  of  sodium  forms  a  precipitate  insoluble  in  excess.  CarbotuUe  of  ammonium,  % 
precipitate  easily  soluble  in  excess.  Acid  carbanate  of  potassium  and  phospkaU  of 
sodium  produce  a  red  precipitate.  Sulphocyanidc  of  potassium  produces  but  a  slight 
turbiditv ;  picric  acid  forms  a  sulphur-vellow  precipitate,  which  gradually  aggreg&tea 
into  resinous  lumps ;  tannic  acid^  on  addition  of  hydrochloric  acid,  fonns  a  white  pr^ 
cipitate,  which  aggregates  in  a  similar  manner ;  mercuric  chloride  and  potassio-mer^ 
curie  iodide  produces  white  precipitates ;  iodine-wattT  a  kermes-brown ;  iodide  vf  poias- 
fium  containing  iodine,  a  dark-brown  precipitate ;  trichloride  of  gold  and  diektoride  of 
pfatinum  yield  precipitates  with  the  hydrocblorate ;  protochiorids  of  Un  prodoeet  a 
white  precipitate,  even  in  slightly  acid  and  dilute  solutions. 

In  most  of  these  reactions,  cocaine  closely  resembles  atropine  (L  474) ;  the  latter, 
however,  is  not  precipitated  by  carbonate  of  ammonia,  or  in  acid  solutions  by  stannous 
chloride ;  the  two  bases  differ  also  in  their  reactions  with  gold  and  platinum-oalts,  and 
in  their  melting  points,  that  of  cocaine  being  6°  C.  higher  than  that  of  atn^insu 

Hydroehlorate  of  Cocaine  crystallises  in  white  slender  needles,  easily  soluble 
in  water ;  it  has  a  bitter  taste  and  produces  on  the  tongue  the  peculiar  action  of  ths 
base  itself,  but  in  a  higher  degree.  The  solution,  even  when  very  dilute,  ia  precipi- 
tated by  chloHde  of  gold,  yielding  the  compound  C'*H'»NO*.HCLAuCl",  whidi  crys- 
tallises from  alcohol  in  gold-bellow  scales  or  laminae.  This  gold-aalt  melts  when 
heated,  and  then  yields  a  sublimate  of  benzoic  acid,  afifording  a  xerj  charaetcristie 
reaction.  The  chloroplatinate  ia  &  yellow-brown  flocculent  precipitate,  which  soon 
becomes  crystalline,  and  is  nearly  insoluble  in  hydrochloric  acid. 

Acetate  of  Cocaine  crystallises  readily;  the  nt^ra^e with  difl^cultj.  Tbe«a/- 
phate  remains  when  its  solution  is  evaporated,  as  a  colourless  varnish-like  maM|  whieh 
becomes  crystalline  after  a  while ;  it  is  permanent  in  the  air. 

COCATAJnno  AOZB.— OOOA-WAZ.    See  Coca  (p.  1059). 

COCOZV.  A  peculiar  nitrogenous  substance  existing,  according  to  Pelletier  sad 
Caventou,  in  cochineal,  and  forming,  as  it  were,  the  fleSh  of  the  insect ;  it  reaemblet 
gelatin  in  some  of  its  characters,  albumin  and  fibrin  in  others. 

^  COOCZVZTS.  Haidinger*s  name  for  the  reddish-brown  mineral,  with  adamaa 
tine  lastre,  from  Casas  Viejas  in  Mexico,  which  Del  Rio  regards  as  mercarie  iodidsi 
It  melts  and  sublimes  with  facility. 

COCCmnc  ACZB.  A  volatile  &tty  add  existing,  according  to  Pelletier  and 
Caventou,  in  cochineal 

COCOnrOVZO  ACZDI    a  derivative  of  enxanthic  acid  (p.  712). 
COOCOBBA  VIJUOZS.    This  plant  contains  a  green  colouring  matter  differing 
from  chlorophyll     (Salm-Horstmar,  Pogg.  Ann.  xciv.  466;  cxv.  176.) 

COOCOavzC  ACZB.  An  acid  contained,  according  to  Oobel  (Buchn.  'RfperL 
viii.  203),  in  the  seeds  of  Daphne  Gnidvim,  It  is  dissolved  by  water  from  the  al«^ 
holic  extract;  crystallises  in  colourless,  slightly  add  prisms ;  does  not  preHpitate  limt^ 
water,  or  the  solutions  of  chloride  of  barium,  acetate  of  lead,  or  ferrous  sulphate. 

COCOOZiZTB.    A  name  applied  to  certain  granular  varieties  of  augit**. 

OOOOOZiOBA  UVIJPJUIA.    The  plant  which  yields  American  kina 

OOC<HrZiZW.    Syn.  with  PkCROTOznr. 

COCOUXira  ZVBZCim.  Grains  of  Paradises—The  fruit  of  the  CoomJvs  fyf^- 
rosus  (Dec),  Menispermum  cocculus  (Linn.),  Anamirta  coccufus  (Wight  and  Ar- 
nott).  It  possesses  strong  narcotic  and  poisonous  properties,  due  to  the  presence  ot  « 
bitter  substance,  picrotoxin  (C»H«0*),  of  which  it  contains  about  ^  cf  its  weight. 
It  is  used  to  adulterate  beer,  and  is  sometimes  thrown  into  water  to  intoxicate  or  kill 
fish ;  it  is  occasionslly  employed  in  medidne.  (See  Urt^s  Dictionary  of  Arts,  Afann* 
factures  and  Mines,  i.  786 ;  also  the  article  Bbeh  in  this  Dictionary,  i.  537.) 

OOCOirszc  ACZB,  C«H»0»,  is  the  add  corresponding  to  nitrococcnsic  acid. 
a  product  of  the  action  of  nitric  acid  on  carmine  (L  804) ;  it  has  not  yet  been  obUiaed 
in  the  separate  state. 

COCBZWSAX.  CocheniUf,  CoccioneUa,^^^eaX  insects  of  the  gennn  Oxvm,  «- 
peeially  the  Coccus  cacti  or  cochineal  insect^  yield  a  splendid  oobnring  matter,  m^!^^ 
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srrely  used  for  dyeing  and  the  prepantioii  of  pismenta.  The  cochineal  insect  lives  on 
Tarions  plants  of  the  genns  Opuntia^  espeaaUj  on  the  nopal,  Ovuniia  decumanOt 
O.  coctiu,  and  0.  monaeantha.  It  is  a  natire  of  Mexico,  but  its  cnltiTation  has  been 
introduced  into  man^  other  hot  countries,  namely,  the  West  Indies,  Teneriffe,  Ma- 
deira, Algeria,  Java :  in  colder  climates  it  does  not  thrive. .  The  female  insects  only  are 
collected ;  they  are  killed  either  b^  drying  in  the  sun,  on  hot  plates,  or  in  stoves,  or  by 
immersing  them  for  a  short  time  m  hot  water.  The  last  method  yields  a  cochineal  of 
somewhat  red-brown  aspect,  whereas  if  the  insects  have  been  killMl  by  drying,  it  has 
more  of  a  blackish  or  ash-grey  colour,  with  a  silvery  sui&ce ;  the  latter  is  preferred. 
The  diy  cochineal  is  freed  from  dust  and  adhering  impurity  by  shaking  it  m  sacks ; 
tiie  fine  dust  is  then  removed  by  sifting,  and  the  larger  and  smaller  lumps  in  the  re- 
maining mass  are  separately  sorted. 

Other  species  of  coccus  probably  contain  the  same  colouring  matter,  but  in  smaller 
quanti^  and  more  contaminated  with  foreign  substances. 

Cochmeal  occurs  in  commerce  in  nearly  egg-shaped  graina  I  or  2  lines  long,  somewhat 
hollowed  below  and  arched  above,  about  70,000  going  to  the  pound.  It  is  inodoroua, 
▼ery  friable,  and  contains  within  it  a  dark  red  granular  mass,  which  yields  a  powder  of 
a  fine  deep  red  colour;  it  has  a  bitter,  slightly  astringent  taate,  and  leaves  but  a  smdl 
quantity  of  ash  when  burnt.  In  water,  it  swells  up  considerably,  the  shape  of  the 
insect  and  its  three  pairs  of  legs  then  becoming  distinctlv  visible. 

The  first  investigation  of  cochineal  was  made  by  John  (Chemical  TahUs^  p.  127)t 
who  found  in  it  60  per  cent,  coccus-red  (carmine),  10  wa^gr  fat»  1'5  inorganic  salta 
(chlorides  of  potassium  and  ammonium,  and  phosphates  of  calcium,  iron,  and  magnesium), 
28*0  animal  matter,  and  10*6  water.  According  to  Pelletier  andCaventou  (Ann.  Ch. 
Ph^&  vii  90;  viii.  255),  it  contains  a  peculiar  nitrogenous  matter,  coccin(p.  54), 
which  forms,  as  it  were,  the  flesh  of  the  insect,  and  an  acid,  not  examined,  to  which 
thev  give  the  name  of  coccinic  acid. 

The  oolooring  matter  of  cochineal  is  earminio  acid  (i.  804). 

The  wateiy  extract  likewise  contains  a  crystallisable  nitrogenous  substance, 
O'H^iNO',  homologous  with  tyrosine,  (C*H^O'),  and  very  similar  to  it  in  appearance 
and  reactions.  It  remains  in  the  aqueous  decoction  of  cochineal  after  the  earminie 
add  has  been  precipitated  by  acidulated  acetate  of  lead,  and  may  be  separated  by  re- 
moving the  excess  of  lead  from  the  filtrate  with  sulphuretted  hydrogen,  and  evapo- 
ratinff  to  a  syrup ;  it  then  separates  in  a  crystalline  mass,  and  an  admtional  quantity 
mav  be  obtamed  b^r  iVuther  concentration.  It  is  insoluble  in  alcohol  and  ether,  soluble 
without  decomposition  in  hydrochloric  acid,  decomposed  by  strong  nitric  add,  the 
liquid  yielding  crystals  of  a  new  add  on  evaporation ;  l)ot  nitric  add  produces  a  more 
thorough  decomposition,  with  separation  of  charcoal  The  chalky  substance  dissolves 
in  alk^is,  and  is  separated  therefrom  by  adds.  It  does  not  appear  to  form  definite 
compounds  either  with  adds  or  with  bases. 

The  mother-liquor  frvm  which  the  whole  of  the  chalky  substance  has  been  removed, 
dries  up  to  a  soft  mass  amounting  to  10  or  12  per  cent  of  the  cochineal ;  part  of  this 
ma<*8  is  soluble  in  alcohol,  the  remainder  in  water. 

Cochineal  boiled  with  water  yields  a  deep  red  liquid,  which  assumes  a  reddish-yel- 
low colour  when  mixed  with  Hncture  of  gaUs  or  with  strong  acidSj  and  a  beautiful 
violet  with  Iwie-water  ;  it  is  predpitated  violet-blue  by  neutral  acetate  ofUad^  bright 
red  by  ammonia,  dark  black-brown  hy  ferric  chloride  ;  olive-green  by  a  larger  quantity, 
deep  red  by  alum.  After  the  cochineal  has  been  thoroughly  boiled  with  water,  a 
brownish  animal  substance  remains. 

The  red  colour  of  cochineal  is  likewise  extracted  by  alcohol 

The  chief  use  of  cochineal  is  for  the  preparation  of  carmine  and  carmine-lakes 
(i.  804).  It  is  likewise  employed  for  dydng  wool  and  silk  scarlet  (the  fabric  being 
steeped  first  in  annotto,  then  in  a  decoction  of  cochineal  containing  cream  of  tartar  and 
stannosO'Stannic  chloridel  or  crimson  (cochineal  with  tartar  and  tin-salt).  Cochi- 
neal is  likewise  used  for  tiie  preparation  xti  rouse,  of  painters'  colours,  and  of  red  ink, 
and  for  colouring  tooth-powder,  confectionery,  Uqueurs,  A^ 

Cochineal  vanes  much  in  colouring  power,  according  to  its  source  and  mode  of 
preparation.  The  relative  ouantities  of  colouring  matter  in  different  samples  rony 
oe  estimated  approximately  by  the  depth  of  colour  of  a  solution  obtained  by  heating 
1  gramme  of  cochineal  in  the  water-bath  for  an  hour,  with  1000  grammes  of  water 
and  20  drops  of  a  saturated  solution  of  alum ;  dLso  by  the  depth  of  colour  which  the 
same  extract  will  impart  to  wool  Robiquet  estimated  tne  amount  of  colouring 
matter  by  means  of  a  graduated  solution  of  cnlorine ;  Anthon  by  a  graduated  solution 
of  an  alnmina-salt 

A  better  method  is  that  of  Penny,  depending  on  the  action  of  ferricyanide  of 
potassium.  1  gramme  of  cochineal  is  extracted  with  50  cub.  cent  of  dilute  pofash- 
Bolution:  the  extract  is  further  dihited  ^^ilh  100  cc.  of  cold  water;  and  the  purple 
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Bolution  thereby  obtained  u  mixed,  when  cold,  with  a  gradsatedflolntioB  of  femc}*anide 
of  potiiBsinm  (1  grm.  of  the  salt  to  200  oc.  of  solution),  till  its  colour  changes  to  dazk 
brown.  All  these  methods  yield  only  relative  results  for  comparing  different  sorts  of 
cochineal  one  with  the  other.  (See  Ur^a  Dietiotuiry  of  Arts,  Mantjactum  and  Iftnes^ 
L  786 ;  Handw.  d.  Chem.  2**  Aofl.  ii.  [2]  127.) 


is  properly  eamuBe ;  the  same  term  is,  howerer,  apf^ed  to 
»  splendid  red  artifioial  ooloor,  which  contains  a  considerable  quantity  of  anenale  of 
aluminium,  and  is  therefore  highly  poisonoos. 

OOOB&BABZA.  A  flenns  of  cmciferoas  plants,  including  horse-radish  and 
■curvy -grass,  dUtingnisned  by  their  acridity,  arising  from  the  presence  of  volatile 
oils,  simihir  to,  or  identical  with,  voktile  oil  of  mustard  (sulphocyanate  of  aUyl). 

Coehlearia  Armoraeitk  Horte'Tadish, — The  volatile  oil  of  this  fJan^  when 
purified,  is  identical  with  oil  of  mostazd.  It  appears  to  enst  in  the  root  z«Kly  ibrmed, 
and  may  be  obtained  by  bruising  the  root  to  a  pulp,  and  distilling  it  per  m.  Hie 
best  mode  of  preparation,  however,  is  to  distil  8  pts.  of  the  finely  chopped  root  with 
2  pts.  water,  m  a  glass  vessel  (if  a  copper  stiU  be  used,  onlj  a  small  quantity  of  oil  is 
obtained,  in  consequence  of  the  fonnation  of  metallic  sulphide).  100  pts.  of  the  root 
thus  treated  yield  about  0i>6  pt  of  crude  oil,  which  ma^  be  purified  by  reetifiation 
with  water  and  diring  over  chloride  of  calcium.  The  punfied  oil  is  colourless  or  psle 
yellow;  has  a  density  of  1*01 ;  smells  like  oil  of  mustard,  and  contains  48*41  per.  eent.  G, 
and  5-26  H  (sulphocyanate  of  ally],  C^*.CNS,  requires  48*49  C  and  6*06  H)i 
The  crude  oil  is  light  yellow,  of  the  consistenoe  of  dnnamon-oil,  heavier  than  water, 
evaporates  quickly,  has  an  intolerable  odour  of  honenradish,  tastes  sweet  at  fint, 
afterwards  shaip  and  boniing,  and  infiames  the  lips  and  tongue.  When  kept  under 
water  for  a  year,  it  disappears,  and  silvery  needles  are  fonoied,  which  smell  like  horse- 
radiah,  excite  irritation  in  the  throat,  melt  and  volatilise  when  heated,  and  dissolve 
but  slowly  in  alcohol.  Oil  of  horse-radish  is  decomposed  by  nitric  acid,  snlpkiDM 
acid,  and  chlorine.  It  yields  sinapoline  with  oodde  of  lead,  and  thiosinnamine  with 
ammonia.  It  dissolves  slightly  in  water,  the  sedation  forming  a  brown  pneipitatff 
with  acetate  of  lead,  black  with  nilrate  of  silver.  It  dissolves  readily  in  rieoM 
(Om.  z.  66), 

Coehlearia  o/fieinalit.  Common  scurvy  ffran, — The  herb  of  this  plant  ixm- 
tains  92*2  per  cent  water,  and  yields  1*6  per  cent  ash,  which,  according  to  Qemeler, 
is  Terr  rien  in  potash,  but,  according  to  fbraconnot,  contains  soda.  The  base  is  paitfy 
combmed  with  nitric  add  and,  aoooroing  to  Braconnot^  with  an  oxgaiiic  add  nsembluag 
malic  add. 

Oil  of  scurvy-grass,  Oieuim  eoohkaria,  obtained  by  digfTTTftw  the  hcri)  with 
water,  is  yellow,  pungent,  of  specific  gravity  0*942  fOeiseler),  bofls  between  IM^ 
and  169^0.  (Simon).  It  dissolves  easily  in  alconol,  and  the  alcoholie  solution, 
Spiritus  coehlearia,  may  be  obtained  by  distilling  the  bruised  herb  with  aleohoL 
According  to  Geiseler  (Arch.  Pharm.  czlvii.  130,  257),  the  oil  is  an  amatjAoAn  of 
allyl,  ClflSO,  and  yields  with  ammonia  a  czystalline  compound,  &^aOS^, 
[These  formal»  are  doubtful]  The  oil  does  not  exist  ready  formed  in  the  plant,  but 
IS  produced  by  the  action  of  myroein  in  presence  of  water,  on  a  peculiar  substance  exist* 
ing  therein.  Aoeording  to  Winckler  (Jahrb.  pr.  Pharm.  xviii.  319),  this  subetanee  is 
neutral,  and  is  converted  into  the  volatile  oil  by,  the  joint  action  of  myrosin  and  lim**. 

Scurvy-grass  camphor,  or  Gochlearln,  CfE'*0''(?),  is  aorystall  ne  substance 
sometimes  deposited  from  SpiHtiu  coehlearia,  and  from  the  water  which  has  beea 
distilled  off  the  plant  It  forms  small,  nacreous,  shining  lamime  or  needles,  having  a 
faint  odour,  and  sharp  aromatic  taste.  Specific  gravity  ^  1*248.  It  melts  at  45^  0^ 
sublimes  without  altention,  dissolves  lightly  in  pure  water,  easily  in  water  containing 
carbonate  of  potasdam,  also  in  alcohol  and  ether.  (Maurach^Repert  Pharm.  xdx.  1293 

Coehlearia  Drab  a.  Whitlow  Pepperwori,  yidds,  by  distillation  with  water,  a 
volatile  oil,  similar  to  that  obtained  from  radish-seeds.  (Pless,  Ann.  Ch.  Pharm.  Iviii.  40.) 

Coehlearia  an  g  lie  a.  En^h  teurvy-grasa. — ^The  fresh  herb  of  this  plant  «>n- 
tains,  according  to  T.  J.  Herapath  (Chem.  Soc.  Qu.  J.  ii.  4),  2*42  per  cent  ash ;  the 
dry  herb  21*1  per  cent  ash ;  of  which  78*1  per  cent  are  soluble,  and  21*9  per  cent  in- 
soluble in  water*    100  parts  of  the  ash  contain : 


BolMe  in  Wmter, 

Potash. 0*1 

Soda 7-7 

Carbonic  anhydride  ....  3*6 
Sulphuric  anhydride  ....  3*1 
Chloride  of  sodium     ....  68*6 


^uolnhle  in  Water. 
Carbonate  of  caldum  ....    7*3 
Carbonate  of  magnedum  •    •    •    1*3 
Phosphate  of  calcium  •    .    «    •  10*3 

Ferric  phosphate 0*6 

Silica 2*5 
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OOCBUUkBOr*    8de  CoOBLaABi^  OFncnrAus. 

OOOZVZO  AOZll.    Cooosiettric  acid.     CocyUc  aeitL     Ck)conuai(Ug$aure.—A  ikttv 
Mid,  or  probably  a  mixture  of  acids,  obtained  from  ooooa-nat  oiL 

Bromeis  (Ann.  Ch.  Pharm.  xxxv.  277),  by  saponifying  cocoa-nut  fat,  deeomposinff 
the  soap  with  an  acid  u  the  nanal  wa^,  pressing  the  resulting  &tly  acid  betireen  paper 
and  reoystallising  from  alcohol,  obtained  a  nearly  inodorons  fatty  add,  which  meftS^ 
860C.,  solidified  to  a  por^lain-like  mass  translucent  at  the  edges,  and  distilled  without 
decompoMtion.  Saint-Erre  (Ann.  Ch.  Phys.  [3]  xx.  96)  decomposes  the  soda-soan 
of  coooa-nnt  oil  with  acetate  of  lead;  exhausts  the  lead-soap  with  ether;  decomposes 
the  nndissolved  soap  with  an  add ;  and  o^stallises  the  fatty  add  from  alcohol.  From 
a  saturated  solution  in  aqueous  alcohol,  it  o^stallises,  on  pooling,  in  needles;  but 
from  a  solution  in  strong  alcohol,  by  eraiwration,  in  amoiphous  masses.  It  melts  at 
84*6^  C,  and  volatilises  without  deoompodtion  only  in  a  stream  of  gaa. 

Bromeis  asdgned  to  his  oodnic  add  t£a  Ibrmnla  C"H"0*,  but  his  analysis,  calculated 
Aoeordiug  to  the  more  recently  determined  atomic  weight  of  carbon  (C  »  e\  irtm 
rather  O^IP'O',  or  C»»H"0».  Hdnts  has  dnce  announced  the  sepanilion  of  so  add 
of  the  same  eompodtion  from  spermaceti  Fehling  obtained  from  cocoa-nut  oil  an  add 
resembling  the  add  prepared  by  Bromeis  in  appearance  and  mdtimr  noint  and  coita. 
•pondmg^^exacUy  to  the  formula  C"fl"0«.  — 6 1^    »i  «iu  vom- 

8aint-£Tre,  on  the  other  hand,  assigned  to  the  codnio  add  which  he  obtained,  the 
formula  C"H«0«,  though  it  agrees  yery  closely  with  that  of  Bromeis  in  the  mdtina 
point  ^^ 

Heinta  regards  the  add  G*"H*^'  from  cocoa-nut  oil,  and  likewise  that  obtained  by 
himself  from  spermaceti,  as  a  mixturo,  especially  on  account  of  its  melting  point,  which 
is  lower  than  that  of  lauric  add  (C««H»*0«J ;  whereas  if  it  wero  really  a  definite  add, 
its  melting  point  would  be  intermediate  oetween  those  of  lauric  add  (44^  C )  and 
myristic  add,  C"H»0»(64«  C).  He  finds,  indeed,  ihat  a  mixturo  of  14  pts.  hiunc  and 
2  pts.  myristic  add  mdts  at  about  36^  C.  Saint-Syro's  formula*  C"H*K)*,  is  on  this 
account  moro  probable. 

Ck)emat4  <^  barium,  crystallised  from  boiling  alcohol,  is,  according  to  Bromeis, 
C^H^^Ba'O*.  CoeinaUofnlver, C"H"AgO« (Bromeis). C"H"AgO« (Sain t- Eyre). is 
obtained  by  predpitation  i^m  alcoholic  solutions,  in  white  flocks  melting  at  66^  C., 
soluble  in  ether,  sparingly  soluble  in  aloohoL 

Cocinaie  of  ethyl,  C"H«rC«H»)0'  or  C'>H*'(C^»)0«,  obtained  by  passing  hydro- 
chloric  add  gas  into  a  hot  aioohoiic  solution  of  oodnic  add,  washing  the  pzodnet  with 
weak  alkali,  and  drying  oyer  chloride  of  calcium,  is  a  liquid  haying  a  faint-yeUow 
colour,  a  very  pungent  (^ur  of  apples,  and  a  sweet  mawkish  taste. 

OOOZVSVa  Coeinate  ofglyeeryl. — The  name  of  the  neutral  flit  corresponding  to 
cocinic  add.  The  separate  identity  of  such  a  fat,  like  that  of  the  add  itself  must)  for 
the  present  be  considered  doubtful.  Brandos  (Ann.  Ch.  Pharm.  xy.  116),  by  ex* 
pressing  the  fat  from  cocoa-nuts,  and  crystallising  it  repeatedly  from  boiling  alcohol, 
obtained  a  snow-white  laminar  crystalline  fit,  of  speaflo  grayity  0*92  at  9P  C,  leM 
soluble  in  puro  than  in  common  ether,  soluble  in  40  pts.  Msolute  alcohol  at  20^  C, 
about  12  pts.  at  44^  C,  sparingly  soluble  in  aqueous  alcohol  of  076  in  the  cold,  more 
soluble  in  the  same  when  warm;  dTstaUising  on  cooling;  decomposed  by  dry  dis^ 
tillation. 


A  product  of  the  decompodtion  of  neutrsi  coeinate  of  caldum, 
consisting,  according  lo  Delffs  (Po^.  Ann.  Ixxxyi.  687),  of  C*H^O,  and  tharefbro 
the  acetone  of  Saint- Eyro's  codnic  add  C'^H^O*.  When  purified  by  recrystallisation 
from  boiling  alcohol,  it  forms  colourless,  inodorous,  tasteless  lamine,  melting  at  88^  C, 
and  boiling  at  a  temperature  beyond  the  renge  of  the  mercurial  thermometer. 

OOCOA^WUV  OZL.  This  oil  or  fat  is  obtained  by  pressure  from  the  fhilt  of 
certain  oocoa-palms,  Cooo$  nuctferOf  C,  butyracea,  &&,  and  is  imported  in  laz^p^e  quantities 
into  Europe  for  the  manufacture  of  soap.  It  is  whitish,  of  unctuous  consistence,  with 
a  peculiar  disagreeable  odour  of  yolatile  fattjr  adds,  and  a  mild  taste ;  it  melts  at  20^  C, 
dissolves  with  aid  of  heat  in  alcohol  and  etner,  readily  in  oils,  both  fixed  and  yolatile, 
benzene,  &e. 

Cocoa-nut  oil  quickly  becomes  randd,  and  is  easily  s^)onified.  It  up  a  mixture  of 
seyeral  ^ycerides,  containing  also  free  fatty  adds.  By  saponification  it  yields  both 
fixed  and  yolatile  &tty  adds.  The  yolatile  adds,  which  may  be  separated  by  dis- 
tilling the  mixture  of  free  fieitty  adds  with  water,  consist  chiefly  of  capiprlic  add  mixed 
with  small  quantities  of  caproic  and  capric  adds.  The  flxed  fatty  adds  of  cocoa-nut 
oil  are  partly  liquid  at  ordinary  temperatures,  partly  solid.  The  former  haye  not  been 
particularlY  examined ;  of  the  latter,  several  may  be  isolated  by  oystallisation  from 
alcohol,  yis.  lauric  add,  C'*H**0*,  which  maybe  obtained  pure,  with  the  melting 
point  43^  C,  by  fractional  precipitation  of  the  soda-soap  (Oudemans,  J.  pr.  CheiB. 
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Izxxi.  367) ;  the  acid,  C**H*'0*,  which  was  obtained  from  the  oil  by  Saint- ^me,  and 
C«»H*0«  hj  Bromeia,  (see  Cocnnc  Acid,  p.  67);  myriatic  add,  C»*H»0«,  like- 
wise exists  in  considerable  quantity  in  coooa-nnt  oiL  The  acid  actually  obtain^  bad 
Teiy  nearly  the  composition  of  myristic  acid,  and  melted  at  49^  C,  the  melting  point  of 
the  pore  acid  being  63'89  (Fehliug,  Ann.  Ch.  Pbarm.  liii  399).  Gorgey  (Und. 
civ.  25)  likewise  found  a  fatty  add,  C**H"*0^  melting  at  M*^  C^  which,  from  the  ex- 
amination of  the  silTer-salt,  he  reg^urded  as  a  mixtore  of  m^ynatic  and  palmitic  acida. 
Fehling  also  found  pure  palmitic  acid.  Stearic  acid  la  probably  preaent  inamail 
quantity. 

The  solid  fr ts  of  cocoa-nut  oil  are  separated  from  the  more  liquid  £iii  by  pveasue, 
and  used  for  the  manufacture  of  candles. 

The  soUd  fatty  adds  of  cocoa-nut  ofl  are  cooTerted,  by  prolong  treatment  with 
nitric  add,  into  a  mixture  of  adda  of  the  aeriea  G^ff^^O*,  yiz.  anchoie,  aaberic, 
pimelic,  adipic,  succinic  add,  and  an  oily  mam  containing  nitrocapric  and  nitrocapiylic 
acids. 

OOBBXVa.   C'*H**NO*  •»-  WO  or  C^H^NC^  ^  2B0.—A  non-Toktile  oiganie  base 


contained  in  opium.  It  was  discorered  by  Robiqu  et  in  1832  (Ann.  Ch.  Phya.  [2]  IL 
259),  and  has  been  Airther  examined  by  Couerbe  (t^.  lis.  168),  Regnault  (thid. 
bcTiii.  136),  Gregory  (Ann.  Gh.  Fharm.  xxri  44),  Will  (Hnd.  44),  Gerhardt  (Rev. 
Scient  x.  203;  Traiti,  iy.  40),  and  espedally  by  Anderson  (Ed.  Phil  Trans,  xx.  [1]  67). 
Preparation, — 1.  The  aqueous  infbsion  of  opium,  eraporated  to  a  syrup,  is  mixed 
with  solution  of  chloride  of  caldum ;  the  mass  is  diluted  with  water ;  the  resulting 
meconate  of  caldum  is  separated,  washed  sereral  times  with  small  quantities  of  water 
and  pressed ;  and  the  liquid  thus  obtained  is  evaporated,  lumps  of  marble  being  throwu 
into  it  to  neutralise  the  free  add.  Fresh  quantities  of  meconate  of  ealdimi  then 
separate,  and  the  decanted  liquid,  if  left  at  rest,  deposits  crystals  of  hirdzoGhloiate  of 
morphine  and  hydrochlorate  of  codeine.  These  crystals  are  dissolved  in  water,  and 
the  solution,  after  purification  with  animal  charcoal,  is  predpitated  by  ammonia, 
which  sepanites  the  greater  part  of  the  morphine,  leaving  the  codeine  in  SMUtion.  The 
filtered  bquid  is  eyaporated  over  the  water-bath  to  expel  the  excess  of  ammonia,  the 
morphine  salt  remaining  in  solution  being  at  the  same  time  predpitated;  the  saline 
eolution  is  concentrate^  and  predpitated  by  caustic  potash ;  and  the  procqntate  of 
codeine  ia  washed,  dried,  and  mssolyed  in  etiier,  whence  it  ia  depositea  in  ciystala. 
(Bobiquet) 

2.  To  obtain  the  whole  of  the  codeine  fh>m  the  mother-liquor  which  mnaina  after 
the  morphine  has  been  removed  by  predpitation  with  ammonia,  aa  just  deaeribed,  it 
is  necessary  to  get  rid  of  the  sal-ammoniac  with  which  it  ia  mixed.  Thia  may  be 
effected  by  repeatedly  concentrating  the  liquid — the  greater  port  of  the  hydrochlorate 
of  codeine  then  separating  out,  while  the  sal-ammoniac  remains  dissolved — and  decom- 
posing the  remaining  sal-ammoniac  with  caustic  potash.  By  repeating  the  czystalltta- 
tion  a  certain  number  of  times,  the  hydrochlorate  of  codeine  might  be  obtained  quite 
fn»  from  sal-ammoniac;  this,  however,  would  occasion  the  loss  of  a  eonsideimble 
quantity  of  codeine,  inasmuch  as  the  two  hydrochloratea  do  not  difier  greatly  in  solu- 
bility ;  but  if  the  crystallisation  be  discontinued  at  an  earlier  stage,  the  greater  part 
of  the  sal-ammoniae  may  be  removed  without  loss  of  codeine.  The  crystak  of  fa^drtH 
chlorate  of  codeine  are  then  to  be  dissolved  in  boiling  water,  and  a  strong  solution  of 
caustic  potash  added  in  excess,  which  will  precipitate  Sie  codeine,  partly  as  an  oil  which 
ffraduallj  solidifies,  partly  in  the  crystalline  state  as  the  liquid  cools.  The  motheiw 
liquor  yields  by  evaporation  a  fresh  crop  of  crystals  of  codeine,  and  lastly,  after  redue- 
tion  to  a  yer^  small  bulk,  it  becomes  filled,  on  coolings  with  long  d&y  needles  of 
morphine,  which  had  been  retained  in  solution  by  the  excess  of  potash.  (Anderson.) 

3.  ()pinm  is  exhausted  with  cold  water,  the  morphine  predpitated  by  ftmmonia,  the 
meconic  add  by  chloride  of  caldum,  and  the  colouring  matter  by  subacetate  of  lead. 
The  liquid  filtered  ftom  the  lead-predpitate  is  freed  frvrai  lead  by  sulphuric  add  and 
filtered  again ;  the  filtrate  is  mixed  with  exuess  uf  potash ;  the  mixture  left  to  stand 
in  the  air  till  carbonate  of  potassium  has  fbrmed ;  and  the  whole  agitated  with  etber, 
which  extracts  the  codeine.    (Winckler,  B^{>ert  Pharm.  xliy.  459.) 

4.  Merck  (Ann.  Ch.  Pharm.  xL  279)  predpitates  the  mixture  of  tne  hydxoeUoratea 
01  ^deine  und  morphine  with  pore  soda;  treats  the  precipitate  with  eold  alcohol; 
saturatos  the  alcoholic  solution  with  sulphuric  add ;  remoyes  the  alcohol  by  distillation, 
and  adds  cold  water  to  the  remaining  liquid  as  long  as  it  produces  turbidity ;  then 
filters,  evaporates  to  a  syrup,  and  agit-ates  the  reeidue  with  excess  of  potash  and  witU 
ether.  ^  The  codeine  dissolves  in  the  ether  and  is  deposited  by  spontaneous  evapora- 
tiun ;  it  is  finally  treated  with  alcohol,  to  free  it  from  an  oily  substance  which  provonts 
cryHtallisRtion. 

Puiificatifm,^-lmpxxTe  crystals  of  codeine  are  purified  by  dissolving  them  in  hyibv- 
chlnric  add,  boiling  with  animal  charcoal,  repredpitating  with  caustic  pot^Kh  and 
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finally  diBsolnng  the  precipitato  in  ether  oontaining  water,  in  order  to  firee  the  codeine 
from  the  last  trace  of  morphine ;  the  ether  used  most,  howerer,  be  free  6om  alcohol, 
otherwise  a  spupj  liquid  remains,  on  eTaporation,  which  cannot  be  made  to  ciystallise. 
If  anhydrous  ether  be  used,  the  codeine  dtssolres  much  more  slowly  (Handw.  d.  Chem. 
ii.  [3]  136).  100  pounds  of  opium  yield  from  6  to  8  oz.  of  codeine  ^Bobiquet).  The 
proportion  of  codeine  in  opium  is  from  Jb  to  ^  of  that  of  the  morphine.  ^Anderson.) 

Properties. — Codeine  cxystalliBes  from  anhydrous  ether  in  small  annydrous  rect- 
angular octahedrons,  truncated  and  modified  in  Tarious  ways.  From  hydrated  ether 
or  alcohol,  and  from  water,  it  separates  in  hydrated  crystals  of  the  trimetrio  system. 
Those  deposited  from  alcohol  exhibit  the  combination  ooP .  OP .  Poo  .  l^oo  ;  those 
from  water,  the  combination  oaP  .  f  oo  .  ^«o .  Inclination  of  odP  :  ooP  *  87^  40' ; 
l^oo  :  OP  -  141<>  37';  Poo  :  OP  -  UO^  23';  jPoo  :  CP  -  167^  2S.  CleaTage  pa- 
rallel to  OP.    (Ko  p|),  Kryttafiographie,  266.) 

Codeine  dissolves  in  water  much  more  readily  than  morphine,  especially  in  boiling 
water.  100  pts.  of  water  at  16®  C.  diBsolve  1*26  pts.  oodeme.  When  heated  with  a 
quantity  of  water  lees  than  sni&cient  to  dissolve  it,  it  melts  to  an  oily  mass,  which 
remains  at  the  bottom  of  the  liquid.  It  dissolves  easily  in  alcohol  and  hydrated  ether, 
less  easily  in  anhydrous  ether.  The  alcoholic  solution  deflects  the  plane  of  polarisation 
of  a  luminous  ray  strongly  to  the  left;  [a]  m  —118*2^ ;  adds  have  scarcely  any  effect 
on  the  rotatory  power. 

Codeine  is  qmte  insoluble  in  potash;  it  diasolvei  in  *inmAwi>  '^jii  xiot  to  a  greater 
extent  than  in  pure  water. 

Anhydrous  codeine  contains : 

BoMquaC    CouerlM.  Esgnanlt.  Oragocy. 
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The  hydrated  oystals  contain,  according  to  Gerhardf  s  analysis,  67*82  per  cent  C, 
and  7-46  H,  agreeing  nearly  with  the  formula  C**H"NO*  -^  HH),  which  requires 
68-18  C.  7-26  H,  441  N,  and  2021  O. 

Codeine  is  a  strong  base,  ouickly  restoring  the  blue  colour  of  reddened  litmus,  and 
preci{)itatin^  the  salts  of  lead,  iron,  copper,  cobalt,  nickel,  &c. 

In  its  action  on  the  animal  economy,  codeine  resembles  morphine  in  many  respectSb 
According  to  Bobiquet,  doses  of  0*02  to  0*03  gnu.  produce  in  24  hours,  especially  in 
excitable  persons,  a  sensation  of  comfort  and  repose,  and  a  refreshing  sleep,  whereas 
doses  of  0*16  to  0'12  grm.  produce  heavy  sleep,  with  a  feeling  of  intoxication  after 
wakiuff^  sometimes  also  nausea  and  vomiting ;  more  than  0*2  gim.  cannot  be  taken 
in  24  noun  without  danger  of  serious  consequences. 

Codeine  is  said  to  be  sometimes  adulterated  with  sugar-candj ;  this  impurity  may 
be  detected  by  its  greater  solubility  in  water,  its  smaller  solubility  in  alcohol,  and  its 
Tefy  different  action  on  polarised  light.  According  to  Robiquet,  a  solution  of  0*600  grm. 
pure  codeine  in  100  cud.  cent  alcohol  of  at  least  66  per  cent,  gives,  for  the  transition 
tint  a  deflection  of  11^  to  the  left. 

Jkcompomiioru. — 1.  When  codeine  is  dissolved  in  excess  of  tulphurie  acid  of  medium 
strength,  and  the  solution  is  digested  in  a  sand-bath,  it  aoouires  a  dark  colour,  and 
tkfter  a  while  yields  a  precipitate  with  carbonate  of  sodium,  which  is  not  the  case  with 
codeine-salts  m  their  ordinary  state.  The  precipitate  thus  formed  consists  of  amor- 
phous codeine,  which,  after  washing  with  water,  solution  in  alcohol,  and  precii>i- 
tation  by  water,  jforms  a  grey  powder  with  more  or  less  green  reflection,  insoluble  in 
wat<*r,  easily  soluble  in  alcohol,  and  precipitated  therefrom  by  ether.  It  melts  at  100^  C. 
to  a  black  resinous  mass.  It  dissolves  easily  in  adds,  forming  amorphous  salts,  which 
dry  up  by  evaporation  to  brown  resins.  If  the  action  of  the  sulphuric  acid  on  th^" 
codeine  be  prolonged,  a  dark  green  substance  is  obtained. 

2.  Nitric  acidy  according  to  its  degree  of  concentration,  forms  with  codeine  either  a 
basylous  nitro-compound  (p.  1067X  or  a  yellow  resin  soluble  in  alkalia. 

3.  Chforinf  and  hromint  form  substitution-products  (p.  1066). 

4.  Iodide  of  ethyl  heated  with  codeine  forms  hydriodate  of  ethyl-codeine. 

6.  Codeine  gently  heated  with  hydrate  of  potassium,  yields  several  volatile  alkaUs» 
▼ix.  ammonia,  methvlamine  and  tritylamine,  in  variable  proportion,  according  to  the 
niiinner  in  which  the  process  is  conducted.  A  volatile  crystalline  base  isiikewise 
produced  in  small  quantity,  and  a  brown  or  black  substance  remains. 

Salts  OF  CoDBiNB.  —  Codeine  is  a  mono-add  base,  dissolving  readily  in  acids, 
and  yielding  for  the  most  part  crystallisable  salts.  They  ar«  very  bittor.  are  not 
reddened  by  nitric  add,  and  do  n'^  impart  a  blue  colour  to  ferric  salts.     P'ta^h  pmw 
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eipitates  codeine  from  their  8olatioii«;  ammonia  does  not  precipitate  them  imme* 
diatelj,  bat  gives  rise^  after  some  time,  to  the  sepantion  of  smaill  transparent  OTstala 
of  codeine.    Infusion  of  ffoU-nuts  precipitates  CMleine-aaltB  immediately. 
Chr ornate  of  Codeine  is  easily  obtained  in  beautiful  j^ow  needloi. 

Hydrochloraie  of  Codeine,  Ci'H**NO'.HCl  +  2H*0.— A  somewhat  ooncentnted 
solution  of  codeine  in  hjrdroehlorie  acid,  solidifies  completely  on  cooling;  a  more  dilute 
solution  deposits  radiate  groups  of  short  needles,  exhibiting  under  the  mierosoope  the 
form  of  prisms  with  four  faces,  terminated  by  dihedral  summits.  The  djstals  disetolye 
in  20  pts.  of  water  at  10*5^.,  and  in  less  Uian  their  weight  of  boiling  water.  Thgj 
give  off^  of  their  water  at  100^  C,  the  remainder  at  121^,  part  of  the  acid,  howerer, 
going  off  at  the  same  time. 

Chloro-auraie  of  Codeine,  obtained  by  mixing  the  solutions  of  the  component  salts, 
is  a  reddish  or  light-brown  precipitate,  moderately  soluble  in  hydrochloric  acid. 

The  Ckloromoreurate  is  obtained  in  like  manner,  as  a  precipitate,  soluble  in  boiling 
water  and  in  alcohol,  and  deposited  in  stellate  groups  on  cooling. 

The  ChloroplatinaU,  2(C"H«*N0'.Ha).PtCl«  +  4H*0,  separates  on  adding  tetra- 
chloride  of  plutinum  to  a  moderately  concentrated  solution  of  hjdiochlonte  of  codeine, 
as  a  light-yellow  powder,  which,  if  left  in  the  liquid  or  kept  moist  on  the  filter,  gradu- 
ally becomes  ciyst«lline,  and  of  an  orange-red  colour.  From  rvey  dilute  solutions,  ths 
double  salt  separates  after  some  time  in  silky  needles.  It  dissolres  sparingly  in  eoU 
water,  and  is  decomposed  by  boiling  water.  It  giTee  off  ]  of  its  water  at  100^  C,  the 
rest  at  120®,  with  incipient  decomposition. 

Hydriodate  of  Codeine,  C"H»KO*.HI -i- HK).— Long  thin  needles,  soluble  in 
about  60  pt&  of  cold  water,  mneh  more  sohible  in  boiling  water.  They  do  not  give  ofl 
any  water  at  lOO^^C. 

Hydrooyanate  of  Codeine  is  unerystallisable. — The  hydroferroeyanai^  produeBd 
by  mixing  the  alooholio  solutions  of  codeine  and  hydrofenoc^anic  add,  is  a  white 
precipitate  which  etystallises  after  a  while  in  needles,  and  dissorres  in  excess  of  h^dro- 
feiTocyanic  acid.  The  hydroferricyanate  produced  by  adding  aqueous  femcyanide  of 
potassium  to  hydrochlorate  of  codeine,  is  a  Tssy  unstable  dystalline  compovsd. 

Nitrate  of  Codeine,  G"H"NO'.HNO\  is  produced  hj  slowly  adding  nitric  acid 
of  specific  sravity  1*06  to  pulyerised  codeine,  carefully  avoiding  an  exeess  of  the  add, 
which  would  produce  decomposition.  It  dissolves  easily  in  boiling  water,  and  sepaxates 
on  cooling  in  small  prismatic^  crystals.  It  melts  at  a  moderate  heat,  and  deoomposef 
at  a  hi^er  temperature,  leaving  a  difiScultly  combustible  charcoal. 

Oxalate  of  Codeine,  2C»H"N0*.HK)'0«  +  3HK),  is  deposited  on  ooolinft  from 
*  hot  saturated  solution  in  short  prisms  and  sometimes  in  scales.  It  dissolvis  in 
80  pts.  water  at  15*5^  C,  and  in  about  half  its  weisht  of  boiling  water.  It  givas  off  its 
water  at  100^,  turns  brown  at  about  121°,  ana  decomposes  completely  at  highet 
temperatures. 

Phosphate  of  Co  deine,  C>*H»NO*.H?TO«  ^  fEPO—A  solution  of  ofdina^  phos- 
phoric acid  saturated  with  pulverised  codeine  does  not  crystallise  by  oonoeatmtum,  bnt 
on  addition  of  strong  aloonol  immediately  deposits  scales  or  short  prisma  It  is  Tsiy 
soluble  in  water. 

Other  phosphates  of  codeine  appear  also  to  exist 

Sulphate  of  Codeine,  2C»H«NO».H«80*  +  5HH)  (or  C»S^N0^,B8O*  «K  6HO) 
crystallises  in  radiate  groups  of  long  needles,  er  by  spontaneous  evaporation,  in  flattened 
pnsms.  It  dissolves  in  30  pt&  of  cold  water,  and  is  very  soluble  in  hot  water. 
When  pure,  it  is  neutral  to  test-paper ;  but  it  is  apt  to  retain  a  small  quantity  of  add, 
which  may  be  separated  by  repeated  crystallisation.  The  crystals  belottg  to  the  ti> 
metiic  system,  oo  P  .  I*ao  .  ao  Poo .  Inclination  of  ao  P  :  ao  P  «  151^  12' ;  oo  ^ao 
too  =  118«46';t«  :l»oo  «  133°  3';  ootoo:  odP  «  104«  24.  Qeavage  paraM 
to  odI^qou 

Sulphocyanate  of  Codeine,  C"H"NO*.HCyS-)-|HK).— Badiate  needles  melt- 
ing at  100°  G.,  giving  off  2*46  per  cent  water  ( «  }  at)  at  100<>  C. 

Tartrate  of  Codeine  is  unciystallisable. 

BuhsHttUion-prodvcts  of  Codeine, 

Bbomocodbikx.  2C"K**BrN0*  +  3H'0  (Anderson  loe.  <^)^Preparad  fay  add- 
ing bromine- water  in  small  successive  portions  to  pulverised  codeine.  The  eodeine  dis- 
solves, and  the  solution  loses  the  colour  of  bromine  but  acquires  a  chaiaeteristic  reddish 
tint.  On  adding  ammonia,  the  whole  of  the  bromooodeine  is  predpitated  as  a  mtm^ 
white  powder,  containing  a  small  quantity  of  unaltered  codeine.  It  may  be  obtained 
pure  by  repeated  washing  with  cold  water,  solution  in  hydrochloric  acid,  pndpttatioo 
with  ammonia  and  crystaUisation  from  aki^ol. 
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Bromoeoddine  is  ne$t\j  insolable  us  cold  water,  rather  more  MluUe  in  hot  wwter, 
whence  it  sepMfttee  on  cooling  in  small  priBms  with  dihedral  anmrnita.  It  is  nearly 
insolable  also  in  ether,  but  dissolTes  easilv  in  alcohol,  especially  at  the  boiling  heat 
Better  crystahi  are  obtained  from  alcohol  culnted  with  an  equal  Tolnme  of  water.  The 
crystals  are  always  yezy  small,  bnt  of  daeeling  whiteness.  They  give  off  their 
water  (6 '66  per  cent.)  at  100<>  C.  The  anhydions  base  gives  by  analysis  67*44 
per  cent  C,  6*44  H,  and  21*6  Br,  the  formnk  C"H*»BrNO«,  leqniiing  6714  C,  6*29  H, 
2116  Br,  8-70  N.  and  12-71 0.  -^     -^  *-» 

Bromocodeine  melts  when  heated,  forming  a  colonrless  liquid,  which  decomposes  at 
a  somewhat  higher  temperaturei  It  dissolves  in  cold  sulphuric  add,  the  solution  be- 
ooming  dark  coloured  when  heated.  It  is  attacked  by  nitric  acid,  but  much  less 
quickly  than  codeine,  

Bydrobromate  of  Bramoeodeine,  C'"H*BrNO«.HBr  +  HK),  forms  small  prisms, 
sparingly  soluble  in  cold  water,  very  soluble  in  boiling  water.  It  gives  off  its  water  at 
100^  C.  The  hjfdrochlaraU  forms  radiate  needles,  resembling  hydrocUorate  of  codeine. 
The  ehlaropUOinate,  2(C>»H»BrN0".Ha).PtCl«  (at  100<»  C),  ia  piwipilated  as  a  pala- 
y allow  powder,  insolable  in  water  and  in  alcohol  (platinum,  by  analysis,  16*98  per 
eent ;  by  calculation  16*89). 

Tribr0moecd4in$,  C**H*'BrVO*  (Anderson,  toe.  cit)— When  bromooodeine  ia 
subjected  to  the  continued  action  of  bromine-water  in  excess,  a  light-yellow  precipitata 
of  hydiobtomate  of  tribromooodeine  is  formed,  which  rediasolves  at  first,  but  become 
permanent  on  farther  addition  of  bromine.  On  leaving  the  liouid  to  itself  for  24 
hours  and  then  adding  more  bromine^  a  fresh  predoitate  is  formed,  and  this  treatment 
must  be  repotted  day  after  day  as  long  as  any  further  predpitate  is  thrown  down  by 
adding  bromine.  Tne  yellow  precipitate  is  then  to  be  washed  with  cold  water,  and  dis- 
solved in  hvdrochloric  add;  and  the  base  predpitated  by  ammonia,  purified  by  solu- 
tion in  alcohol,  and  predpitated  bv  water. 

Tribiomoooddne  thus  prepared  is  an  amorphous  buD^  powder,  grey  when  dry, 
insoluble  in  water  and  ether,  easily  soluble  in  aloohoL  It  dissolves  somewhat  sparingly 
in  oold,  more  easily  in  hot  hydrochloric  add,  a  small  portion  however  remaining  un- 
dissolved, apparently  ftom  partial  decomposition.  It  turns  brown  when  heated  on 
platinam-foil,  and  decomposes  completely  at  its  melting  point,  leaving  a  very  dowly 
combustible  charcoal 

Tribromocodeioe  is  but  a  weak  base ;  its  salts  are  all  soluble  in  water  and  amor- 
phous The  hydrobromaU,  2C>"H>9v^0".8HBr,  obtained  as  above,  is  a  light-yellow 
perfectly  amorphous  powder,  sparingly  soluble  in  cold,  more  soluble  in  hot  water.  The 
ehioroplatinaU,  2(C"H**Br'N0*.HCl).PtCl«,  is  obtained  by  precipitation,  as  a  brown- 
yellow  powder,  insoluble  in  water  and  in  alcohol  (platinum,  by  analysis,  18*07  p«r 
cent ;  by  calculation,  18*29). 

Ghlobocodbinb^  2C'*H*C1N0"  •(- SHH).  (Anderson,  loe,  cit)—J)Tj  codeine 
treated  with  chlorine  gas,  yields  a  number  of  complex  products,  whidi  have  not  been 
examined.  By  passing  chlorine  into  the  aqueous  solution  of  codeine,  a  nearly  black  liquid 
is  produced,  from  which  ammonia  throws  down  an  amorphous  resinous  base.  A  more 
definite  reaction  is  obtained  by  treatins  codeine  with  chlorate  of  potasdum  and  hy- 
drochloric add.  Findy  pulverised  cmorate  of  potasdum  is  eradually  added  to  a 
solution  of  codeine  in  hydrochloric  add  at  66^ — 70'  C.  tiU  the  liquid  yidds  a  predpi- 
tate on  addition  of  ammonia.  Excess  of  ammonia  is  then  added,  which  throws  down 
ehlorocoddne  as  a  diver-white  or  generally  somewhat  yellowish  crystalline  powder, 
while  a  reddish  liquid  remains,  containing  products  of  a'fhrther  decompodtion.  In 
this  process,  the  same  precautions  must  be  observed  as  in  the  preparation  of  nitro- 
codeme  (p.  1068).  Thechlorocodeineisfreedfroma  small  quantity  of  undecomposed 
codeine  by  solution  in  hydrochloric  acid,  boiling  with  animal  charcoal,  predpitation 
with  ammonia,  and  o^stallisation  from  a  hot  alcoholic  solution. 

Chlorooodeine  resembles  bromooodeine  in  most  of  its  properties.  It  dissolves 
sparingly  in  boiling  water,  and  ciystallises  on  cooling  in  small  prisms,  which  appear 
to  be  isomorphous  with  the  crystals  of  bromocodeinsb  It  is  very  soluble  in  strong 
alcohol,  espedally  if  hot;  sparingly  soluble  in  ether.  The  oystals  give  off  their 
water  (7^8  per  cent)  at  100<>  C.  The  dried  base  gives  by  analysis  66*81  per  cent  C, 
6*11  H,  and  10*82  Gl,  the  formula  C'H^CINO*  requiring  64*76  C,  6*99  M,  10*64  CI, 
419  N,  and  14*42  0. 

Ghkmeodeine  dissolves  without  alteration  in  strong  sulphuric  add ;  but  the  solution 
is  carbonised  by  heat  Nitric  add  also  dissolves  it,  and  the  solution  decomposes  on 
boiling,  Ihough,  much  less  easily  than  that  of  eoddneb  giving  off  nkious  gases  and  a 
very  pungent  vapour. 

The  9altM  of  chlorooodeine  resemble  those  of  biomocodeina.  The  eUoropU' 
tinaU  is  a  pale  yellow  predpitate,  which  after  drying  at  200<>  0.  yidds  18*29  per  cent 
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Pt;  agreeing  with  the  formttla2(C»»H«»ClNO».HCl).PtCl«.  The«rfp;Sa/€,2a»H»ClN0«, 
H'SO^  i-  8H'0,  is  deposited  from  a  hot  solution  in  nuliate  grunpe  of  shoxt  prismf,  Tvy 
soluble  in  boiling  water  and  in  alcohol. 

Ctanooodbinb,  C"H*'NO".Cy'  (Anderson,  foe.  «<.)— This  compound,  which  ia 
not  a  substitution-product  like  the  preceding,  but  rather  acyanideofcodeine.  is 
produced  when  cyanogen  gas  is  slowly  passed  into  a  concentrate  alcoholic  solution.  The 
gas  is  abundantly  airbed,  the  liquid  fint  tumixig  yellow,  then  brown ;  the  odour  of 
cyanogen  gradually  disappears,  and  is  replaced  b^  tlut  of  hydrocyanic  acid;  and  crystals 
are  deposited,  continually  increasing  in  quantity,  aa  the  passage  of  the  gas  is  cod* 
tinned.  The  mother-liquor  separate  from  the  ciystals  yields  an  additional  quaatitj 
if  again  treated  with  cyanogen  gas.  The  crystals  are  washed  with  a  small  qnaotitj^  m 
alcohol,  and  dissolved  in  a  hot  mixture  of  ether  and  alcohol,  into  whi(^  solotioii 
cyanogen  is  aeain  passed  to  transform  any  codeine  that  may  have  remained  imaeted 
on.  Cyanocodeine  then  separatee  in  thin,  shining,  colourless  or  faintly  yellow,  six- 
sided  lamina*..  It  dissolves  easily  in  boiling  absolute  alcohol,  or  in  a  mixture  of  alcohol 
and  ether,  sparingly  in  water,  more  easily  on  addition  of  alcohol ;  this  solution  how- 
ever does  not  deposit  anything  when  left  at  rest,  and  decomposes  by  evapomtioii, 
leaving  a  residue  of  codeine. 

Cyanocodeine  yields  by  analysis  68*13  per  cent  C,  6*05  H,  and  11*66  N,  ealffnlatioo 
requiring  68*37  per  cent  C,  6*97  H,  11*68  N,  and  13*97  O. 

[It  is  perhaps  a  hydrocyanate  of  cyanocodeine,  CH'CyNO'.HCy.] 

With  hydrochloric  acid,  it  forms  a  crystallisable  salt,  which  however  quieUj  de- 
composes, giving  off  ammonia  on  addition  of  potash ;  the  hydrochloric  add  solution,  U 
left  to  stand  fbr  twenty-four  hours,  gives  off  nydrocyanic  acid.  With  oxaUc  and  wl^ 
phurio  acids,  cyanocodeine  forms  sparingly  soluble  salts  which  likewise  deeompose 
quK^ly,  giving  off  ammonia  and  hy«ut)cyanic  acid.    (Anderson.) 

Ethtloodiihb,  C»H»N0*  «  C"H»(C*H»)KO».  (H.  How,  Chem. 8oa  On.  J.  vi 
126.) — ^The  hydriodate  of  this  base  is  obtained  by  enclosing  in  a  sealed  tube  pul- 
verised codeine  with  a  small  quantity  of  iodide  of  ethyl  and  sufficient  absolote 
alcohol  to  dissolve  the  codeine,  and  heating  the  mixture  in  the  water-bath  for  two 
hours.  On  cooling,  a  crystalline  mass  is  obtained,  vexy  soluble  in  cold  water,  whence 
it  is  deposited,  ait«r  concentration,  in  tufts  of  fine  needles.  Dried  at  100^  C^  it 
contains  62*50  per  cent  C,  6*87  H,  and  27*91 1,  agreeing  nearly  with  the  formula 
C»»H»NO».HI,  which  requires  62*73  C,  6*76  H,  jand  27*92  L 

The  solution  is  not  precipitated  either  b^  })otash  or  by  ammonia.  Treated  with 
oxide  of  silver,  it  yields  a  strongly  alkaline  bouid  which  absorbs  carbonic  acid  dtaring 
evaporation.  The  residue  is  again  attacked  by  iodide  of  ethyl,  but  the  reaction 
appears  to  be  very  complicated. 

loDocoDBiMB,  C"H''NOM'.  (Anderson,  he.  c»&)— This  compound — which 
should  rather  be  called  iodide  of  codeine,  for  it  is  not  a  substitution-product — is 
prepared  by  dissolving  equal  weights  of  iodine  and  codeine  in  the  smalleet  possible 
quantities  of  alcohol  mixing  the  solutions,  and  leaving  the  mixture  at  rest ;  iodooodeine 
iti  tlien  deposited,  after  a  longer  or  shorter  time,  acceding  to  the  concentration  of  the 
solutions,  in  triangular  plates  belonging  to  the  tridinic  system ;  they  have  a  fine  rubv 
colour  by  transmitted  light,  deep  violet  by  refiected  light,  and  if  well  illuminate^ 
exhibit  a  beautiful  adamantine,  nearly  metallic  lustre.  They  are  insoluble  in  water 
and  in  ether,  but  dissolve  in  alcohol  with  red-brown  colour.  After  drying  in  vueoov 
they  contain,  according  to  the  mean  of  Anderson's  analyses,  32*07  per  cent  C,  8'39 
H,  and  66*32  I,  the  formula  requiring  31*76  C,  3*08  H,  and  66  L 

lodocodeine  gives  off  iodine  at  100^  C.  It  is  dissolved  by  hot  sulphuric  acid,  and 
slowly  attacked  by  hot  nitric  acid.  Boiling  potash  dissolves  out  the  iodine  and  laaves 
codeine.  With  suli>huretted  hydro^n,  it  yidds  hydriodate  of  codeine,  with  deposataon 
of  sulphur.  With  nitrate  of  silver,  it  forms  an  immediate  precipitate,  which,  however, 
contains  only  about  {  of  the  iodine  in  the  compound.    (Anderson,  loc,  mt.) 

NiTnocoDBiKB.  C  ■H«N»0»  «  C  •H»(NO«)NO».  (Anderson,fo<J.CTY.)— To  pre- 
pare this  base^  dilute  nitric  acid,  of  specific  gravity  1*060,  is  heated  in  a  flask  to  a  tem- 
perature short  of  ebullition,  fincdy  pulverised  codeine  is  added,  and  the  mixture  is  kept 
at  a  gentle  heat  for  a  few  minutes,  till  a  sample  of  it  gives  a  precipitate  with  ammonia, 
and  the  quantity  of  this  precipitate  no  longer  increases  after  several  trials.  The  whole 
of  the  solution  is  then  saturated  with  ammonia  and  briskly  agitated,  whereby  a  thick 
precipitate  of  nitrocodeine  is  formed.  The  action  of  the  nitric  acid  is  veny  mpid,  the 
tran^ormation  being  complete  in  a  few  minutes,  so  that  dose  watching  is  necssmiy  to 
seize  tiie  exact  point  at  which  the  liquid  should  be  saturated  with  ammonia.  Evolu- 
tion of  red  vapours  is  a  sign  that  the  action  has  gone  too  fr.r,  and  that  a  portion  of  the 
codeine  htut  been  converteid  into  a  peculiar  red  substance;,  not  yet  examined.     In  thii 
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it  19  beiit  to  interrapt  the  process  before  the  whole  of  the  codeine  is  decomposed. 
Strong  nitm  acid  acts  on  codeine  with  violence,  producing  a  yellow  resin. 

NitTocodeine  precipitated  by  ammonia,  as  above,  forma  very  small  silvery  laminae, 
Bliffhtlj  tinged  with  fellow.  It  is  porified  firem  colouring  matter  and  a  little  unaltered 
coaeine,  by  solution  in  hydrochlorie  acid,  boiling  with  animal  charcoal,  reprecipitation 
bj  ammonia,  and  reoystallisation  from  dilute  idcohol  or  ether-alcohol.  From  alcohol 
it  CTTstallines  in  thin  silky  lamins  of  a  pale  tawny  colour,  forming,  when  dry,  an  inter- 
laced Bilky  maaa  From  ether-alcohol  it  separates,  by  evaporation,  in  small  yellowish 
crystals,  exhibiting  under  the  microscope  the  form  of  quaorilateral  prisms  with  dihe- 
dral mimmitB.  It  is  sparingly  soluble  in  boiling  water,  and  separates  in  small  crystals 
on  cooling.  It  dissolves  readily  in  boiling  alcohol,  sparingly  in  ether.  It  gives  by 
analysis 62-49— 63'10 G, and 6*91— 604  H,  the  formula  requiring 62*79  C,  and 6*81  M. 

Nitrooodeine  when  cautiously  heated  melts  to  a  yellow  liquid,  which  solidifies  to  a 
highly  crystalline  mass.  At  a  higher  temperature,  it  decomposes  quickly,  without 
fiame,  leaving  a  bulky  charcoal  When  the  alcoholic  solution  of  nitrooodeine  i«  treated 
with  sulphide  of  ammonium  at  the  heat  of  the  water-bath,  it  acquires  a  dark  colour 
and  deposits  sulphur.  When  the  action  is  complete,  the  filtered  liquid  yields  with 
ammonia  a  brown  amorphous  precipitate,  which,  after  solution  in  hydrochloric  add, 
boiling  with  animal  charcoal,  and  reprecipitation,  forms  a  pale  yellow  basic  substance 
{(uoeodeine),  which  has  not  been  further  examined. 

Nitrooodeine  dissolves  in  acids,  forming  salts  which  are  neutral  to  test-papers,  and 
from  which  the  base  is  precipitated  as  a  crystalline  powder  by  potash  or  ammonia. 

The  hydroehlorate  is  obtained  by  evaporation  in  the  form  of  an  unciystaUisable 
TMinous  mass.  The  chhroplatinaU,  2(C>*H»(N0*)N0«.Ha).PtCl«  +  4aq.,  is  a  yellow 
precipitate,  insoluble  in  water  and  in  alcohol.  It  g^ves  off  its  water  at  100^  C.,  and 
then  yields  by  analysis  17*88  per  cent.  Pt  (calc.  17*93). 

The  oxalate  eiystalUses  in  short  yellow  prisms,  very  soluble  in  water.-  The  sul- 
fhaU,  2C"H"(K0*)N0>.H>S0«  +  2aq.  (at  100°  C),  is  obtained  in  radiate  groups  of 
short  pointed  needles,  neutral  to  test-paper,  and  very  soluble  in  boiling  water. 

COB-&ITXX  OZlta    See  Ons,  Akdcal. 

CC&B8TXV.    Sr^O<  or  SrO.SO*.— Native  sulphate  of  strontium.    This  minsffsl 
is  so  named  from  its  occasional  delicate  blue  colour ;  though 
it  is  f^uentipr  found  of  other  shades,  as  white,  greyish  and  'y*  ^*°' 

yeUowisn-wJbtei,  and  red.    It  occurs  massive,  and  crystal*  ^  *" 

lised,  sometimes  also  in  fibrous  and  stellated  forms.  It 
belongi  to  the  trimetric  system,  being  isomorphous  with 
sulphate  af  barium  and  sulphate  of  calcium.  The  primacy 
flMBi  is  a  rhombic  prism  of  104<'  20^  and  76^  40'.  An 
oidinazy  oombinatioa  is  f  oo  .  Poo  t^ » ^  (fid-  \'2&). 
Cleavage  very  distinct  parallel  to  Poo  ;  less  distinct 
parallel  to  ^« .  It  has  a  vitreous  lustre,  and  is  trans- 
naient,  tnnslueent,  or  opaque.  It  is  veir  brittle.  Specific  gravity  3*953  (Breit- 
naupt).  Hardness  3 — 3*6.  Before  the  blowpipe  it  fhses  to  a  white,  opaque,  friable 
enameL  Ccslestin  occurs  abundantly  in  the  massive  form  at  Montmaitre^  and  near 
BziatoL  The  crystallised  variety  is  found  in  the  red  sandstone  at  Inverness,  and  in 
many  other  localities.  Splendid  groups  of  crystals  occur  at  Girgenti  in  Sidl^,  mixed 
with  sulphur  and  gypsum.  Fine  specimens  are  also  met  with  at  Bex  in  Switzerland, 
Conil  in  Spain,  Retaoanya  in  Hungary,  in  compact  limestone  near  Lake  Erie,  and 
manv  other  localities.  <>ystals  of  coslestin  are  often  found  in  which  the  strontium  is 
partially  replaced  by  barium  or  calcium,  the  substitution  being  attended  with  a  certain 
alteration  in  the  magnitude  of  the  angles  of  the  ciystaL  The  blue  colouring  of  certain 
specimens  of  ooelestin  appears  to  be  cme  to  the  presence  of  small  quantities  of  feirosn- 
ferric  phobphate.  (Jahresber.  f.  Chem.  1847, 1219 ;  1849,  776 ;  1860,  767 ;  1863,  842 ; 
1866,  970;  1866,  874;  1867,  692.— Dana,  iL  368.) 

0<B&00&XVa  yO&TCABPA.  The  tree  which  yields  the  Abeocouta  ba^  of 
West  Africa,  where  it  is  used  for  colouring  skins,  mats,  &c ;  also  as  a  local  appli- 
cation for  ulcers.    According  to  Stenhouse,  the  bark  contains  berberine. 

COSSmbXO  ACm*  According  to  Vlaanderen  and  Mulder  (Jahresb.  f. 
Chem.  1868,  p.  262),  caffeic  or  caffetannic  acid(i.  709),  which  they  regard  as  C'^H>*0', 
yields  by  oxidation,  caffeanic  acid,  C^^H'^O*,  and  from  this,  by  &e  action  of  air  and 
ammonia,  are  produced  urccmdie  acid,  C>«Hi«0*,  and  fi-^rulic  acid,  C"H><0*,  both  of 
which  form  blue  salts,  and  consequently  resemble  viridic  acid  {q.  «.) 

COBKinuar.  A  name  sometimes  applied  to  the  body  C'H**NO,  supposed  to  exist 
in  sulphindigotic  acid,  C^»NO.SO«. 

OOVTWM.  Cafi,  Kaffee. — Coffee  beans  are  the  seed  of  Caffea  arahica^  a  tree  of  tlio 
rubiaceous  order,  indigenous  in  southern  Abyssinia.  It  is  said  to  have  been  transplanted 
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into  Azabia  at  tlie  beginoing  of  the  fifteenth  century,  and  the  ealtiTatioD  has  nnc* 
been  exttsnded  to  the  West  Indies,  Brazil,  Jara,  Ceylon,  and  other  warm  ooontriei. 
The  seeds  are  sepazated  from  the  soft  pods  by  braising  with  a  heaTy  roller,  then  washed 
and  dried,  and  lastly  freed  from  their  parehment-like  coating  by  passing  them  under  a 
wooden  edge-wheel,  and  iubeequently  winnowing.  In  this  state  they  are  sent  to 
Eorope. 

The  most  highly  esteemed  yariety  is  the  Mocha  coffee,  which  is  grown  in  the  proTince 
of  Yemen  in  Arabia:  it  has  a  more  agreeable  taste  and  smell  than  any  other  kind,  and 
is  distingnished  by  its  yeUow  oobnr  and  the  comparatiTe  smallnees  and  roundneas  of 
the  bean.  Next  to  it  in  European  reputation,  are  the  Kartini^ue  and  Boorbon 
coffees ;  the  former  is  larger  than  the  Arabian  and  more  oblong ;  it  is  roonded  at  the 
ends,  of  greenish  colour,  and  almost  always  retains  a  silrpr-grey  pelUclB  which  comes 
off  in  roasting.  The  Bourbon  coffee  approaches  nearest  to  the  Mocha,  friom  which  it 
originally  sprang.  The  Saint  Domingo  coffee,  which  has  its  two  extremitiea  pointed,  is 
much  less  esteemed  than  the  preceding. 

The  chemical  properties  and  composition  of  coffee  beans  have  been  made  the  subject 
of  numerous  inxestigations.    Schroeder  in  1808  (Oehler^s  J.  Chem.  Phya.  tl.  664X 
showed  that  they  contain  fat,  resin,  mucus,  eztractiye  matter,  ^oc^  and  that  the  aqueoas 
extract  is  coloured  green  by  fenoso-fbrric  salts,  and  yields  a  green  precipitate  with 
copper-salts  on  addition  of  an  alkali — Bunge  in  1820  (Maieralien  sur  PHyMologie, 
Lief  L  p.  146)  discoTend  caffeine:  and  '2Uit(avH,d,  Materia  Mediea,m..Z)UnnA 
in  the  beans,  in  addition  to  this  substance,  two  acids,  tis.  caffeie  and  eaffe.tannie 
acids,  which,  however,  were  afterwards  shown  by  Bochlcder  to  be  identicaL    The 
examination  of  coffee-beans  was  farther  cairied  out  by  Bobiquet  and  Bontron 
(J.  Pharm.  xxiii.  101),  who  found,  in  addition  to  fat,  extraetiTe  matter,  and  caffeane,  a 
white  aystallisable  substance,  and  an  acid  precipitable  by  neutral  acetate  of  lead ; — 
tyyBoohleder  (Ann.  Ch.  Pharm. L  224 ;  lix,  800 ;  IxiiL  193;  Ixtl  86),  who  iiMmd 
legnmin,  and  a  very  small  quantity  of  citric  acid  (a  few  grains  in  a  pound  of 
coffee); — afterwards  by  Pay  en  (Ann.  CL  Phys.  [3]  xxvi.  108),  Ton  Bibra  (Nor 
kotiicke  GenuunUttdf  u.  s.  w.  Numbeig,  1865),  and  lastly  by  Graham,  St  en  house, 
and  Campbell  (Chem.  Soa  Qu.  J.  ix.  33).    According  to  Payen,  the  caffeine  exists 
partly  in  the  free  state,  partly  as  caffetannate  of  caffeine  and  potassium  (a  Tiew  coosi- 
dered  as  doubtfril  by  G^raham,  Stenhouse,  and  Campbell).    Payen  also  found  sugar 
in  tiie  unroasted  beans.    According  to  Graham,  Stenhouse,  and  CSunpbell,  the  nnroBSted 
beans  contain,  partly  cane-sugar,  partly  another  kind  of  sugar,  probably  in  eombi- 
nation  as  a  ^ucosida,  the  total  amount  of  sugar  in  various  kinds  of  eaSoe  vaiying 
from  6*0  to  7'6  per  cent    The  caffeine  amounts  to  1*0  per  cent  according  to  Payen; 
from  0*6  to  1*0  according  to  Graham,  Stenhouse,  and  Campbell    The  amount  of 
fat  appears  to  vary  considerably.    According  to  Bochleder,  the  beans  eontaia  oida 
and  paJimitin,  perhaps  also  laurostearin.    Bobiquet  and  Boutxon  found  in  6  pCa.  of 
Martinique  coin»e,  1  pt  of  fat    Payen  found  that  Mocha  colK*e  contains  about  18  per 
cent  of  fBkt,  which  is  rather  j;reater  than  the  proportion  in  Martinique  coffee.    Tbe 
fat  of  Mocha  coffee  also  retains  the  odoriferous  prmciple  more  tenaciously  than  that  of 
other  varieties ;  it  is  yellowish,  yeiy  fluid,  ana  separates  only  into  two  portions  of 
different  melting  points,  whereas  that  of  Martinique  coIKm  has  A  more  brownish  coloar, 
is  less  fluid,  and  may  be  separated  into  at  least  four  distinct  fkts,  melting  at  about 
6^,  20^,  60<>,  and  90<>  C.  re4)ectively,  the  hist  being  a  kind  of  vegetable  wax.     Ac 
cording  to  Stenhouse,  coffee  beans  contain  about  12  per  cent  of  t^    Aceotding  to 
Vogel,  benzene  extracts  from  them  18  per  cent,  of  soluble  matter. 

The  following  is  the  average  composition  of  raw  coffee  beans,  as  determined  by 
Payen  and  von  Bibra :  — 
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IteTi  (Aon.  Ch.  Fharm.  L  421)  foand  3-2  per  cent,  aah.— T.  J.  Herapath  (Chem. 
Oml  1848,  pL  169)  found  6*7  per  cent  in  the  dzy  beanf.  Yogel  found  8*5  percent  ash, 
of  which  0^0  WM  soluble  in  water. 
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From  the  analysis  of  the  six  Tarieties  hj  Graham,  Stenhouse,  and  Campbell,  which 
exhibit  a  remari:ably  dose  asreement,  it  aroeais  that  ooffee^ash  is  espeoally  distin* 
gttished  by  the  absence  of  soda  and  silica.  The  soda  found  by  Levi  is  doubtftil,  and 
Herapath*8  results,  which  differ  enormously  ficom  all  the  rest,  may  be  rejected  as  nn^ 
trustworthy. 

RoasHfig  Coffee — Coffee-beans,  when  heated  or  roasted,  assume  a  light  brown,  chest- 
nut-brown, or  eren  black  cdour,  according  to  the  degree  of  heat  applied.  The  air- 
dried  beans  diminish  in  weight  during  roasting  by  16  or  26  per  cent,  but  increase 
considerably  in  volnme^  the  increase  amounting;  aooording  to  y.  Bibra,  to  ftom  60  to  68 
per  cent,  if  they  have  been  preTiously  washed,  or  if  they  are  strongly  heated.  Ac- 
cordins  to  Payen,  100  grms.  of  raw  oo&e-beans  yield  60  grms.  of  roasted  brans,  and 
100  tcIb.  of  the  beans  increase  by  rossting  to  180  vols.  To  roast  the  beans  with  perfect 
regularity,  it  is  best  to  steep  &em  in  water  for  ten  or  twelye  minutes,  then  to  dry 
them  lightly,  after  draining,  and  rosst  them  immediately.  The  steeping  removes  im- 
purities, and  perhaps  also  serves  to  impart  to  the  beans  a  uniform  amount  of  water,  so 
that  they  get  more  regulariy  heated. 

The  Testtels  used  for  roasting  coffee  are  generally  of  iron :  recently  silver  and  glass 
vessels  have  sIm  been  used  for  the  purpose.  The  chief  point  to  be  attended  to  in  their 
construction  and  use,  is  to  ensure  that  the  heat  be  graonal  and  not  too  strong.  If  the 
beans  are  heated  above  the  temperature  required  to  brown  them,  they  swell  up  strongly, 
turn  black,  and  ultimatdy  become  carbonised.  (See  Uri9  Dictionaiy  of  Arts,  Manu^ 
faeturu,  and  Minea,  i.  794.) 

By  heating  ooffee-besjis  in  a  retort  with  proper  condensing  ^paratus,  the  following 
▼olatila  products  are  successively  obtained  (v.  Bibra) : 

1.  A  volatile  oil,  pre-existing  in  the  raw  beans,  and  little,  or  not  at  all  altered  by 
heat 

2.  Volatile  oil  having  the  odour  of  roasted  coffee. 
8.  Empyrenmatie  oil. 

4.  A&ttybody. 
6.  Acetic  acid. 

6.  A  small  quantity  of  caflbineb  together  with  an  aromatic  body,  probabty  susamar 
(L428). 

7.  Humoid  substances,  and  one  or  more  compounds  which  easily  reduce  gold  and 
silver-salts. 

The  statement  of  Bochleder  that  pyrocalechin  is  formed  in  the  distillation  (from 
the  caffetannie  acid),  is  not  confirmed  by  the  observations  of  Qraham,  Stenhouse,  and 
OampbeU. 

The  composition  of  roasted  cofiee  has  been  investigated  by  Payen,  by  v.  Bibra,  and 
by  GMiam,  Stenhouse^  and  Campbell  Payen  exhausted  100  gnus,  of  ground  coffee 
with  a  litre  of  boaOing  water;  heated  the  nitrate  in  a  diitillatoiy  apparatus  for  two 
hours,  by  which  time  it  had  quite  lost  its  odour ;  and  collected  the  distillate  in  four 
connected  receivers^  the  first  of  which  gradually  became  heated  to  about  90^  C,  while 
the  second  was  kept  between  26^  and  30^,  and  the  third  and  fourth  were  cooled  to  0^, 
or  a  little  below,  the  vapours  which  escaped  from  the  fourth  being  passed  through 
strong  Mulphuric  acid,  or  through  a  tube  filled  with  red-hot  oxide  of  copper. 
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In  the  flfst  raoeiTer,  a  yellowiah  water  collected,  and  a  few  diops  of  oO,  amonnttng 
to  about  A  of  the  infonon,  floated  on  the  surface,  quite  destitute  of  fragrance.  The 
liquid  oondensed  in  tiie  second  receiver  amounted  to  about  ^Jg  of  the  Tolume  of  the  in- 
fusion :  a  few  drops  of  an  odourless  fixed  oil  floated  on  the  top  of  the  watery  liquid, 
which  possessed  the  fhimnt  odour  of  coffee  in  so  high  a  degree  that  a  few  drops  of  it 
sufficed  to  impart  the  odour  to  a  cup  of  milk.  The  water  of  this  second  receiver  con- 
tained the  principal  part  of  the  coffee-aroma,  concentrated  about  IOC  times.  On  agi- 
tating tiie  water  witn  about  |  of  its  volume  of  ether,  repeating  this  treatment  sevml 
times,  and  then  evaporating  the  ether,  there  remained  a  vellowish  oil  (about  0*1  gnn. 
from  10  gnus.),  the  veiy  strong  odour  of  which  resembled  that  of  the  aioma  common 
to  the  several  varieties  of  coffee.  Another  oil,  somewhat  more  volatile,  and  of  more 
delicate  aromatic  odour,  remained,  together  with  a  little  ether,  in  the  water:  this  oil 
i^pears  to  be  contained  especially  in  the  finer  kinds  of  coffee,  as  that  of  Mocha. 

To  obtain  the  whole  of  the  oils  from  the  infusion  of  coffee,  lumps  of  chloride  of 
calcium  are  introduced  into  the  first  two  receivers  during  the  distilution ;  the  third 
receiver  is  connected  with  a  chloride-of-calcinm-tube  and  cooled  to  -f  20^  0.  A.  solu- 
tion of  chloride  of  calcium  is  then  obtained,  containing  the  whole  of  the  volatile  coffee- 
oil,  which  may  be  extracted  from  it  by  agitation  with  ether.  Payen  obtained  from 
10,000  pts.  of  coffin  only  2  pts.  of  this  oil,  but  possessing  so  strong  an  odour  that  a 
■inffle  orop  sufficed  to  fiU  a  whole  room  with  the  characteristic  odour  of  oofifee. 

U  the  tnird  receiver  be  cooled  to  —2^  or  —3^  C.  during  the  distillation,  a  few  Aropn 
of  liquid  collect  in  it  having  the  odour  of  coffee,  but  likewise  the  less  agreeable  odour  of 
enmyreumatic  hydrocarbons,  which  are  P^^ent  in  greater  quantity  in  proportion  as  the 
ooffee  has  been  more  strongly  roasted.  The  odour  of  these  bodies  is  perceptible  abo 
in  the  fourth  receiver  and  m  the  vapours  which  escape  therefrom,  these  vapours  l&e- 
wise  imparting  a  brown  colour  to  oil  of  vitriol 

According  to  Zenncck,  the  aroma  of  coffee  is  obtained  in  larger  quantify  by  adding 
sulphuric  acid  to  the  liquid  in  the  retort 

Von  Bibra,  by  exhausting  roanted  coffee-beans  with  ether,  obtained  from  Hocha  coffee 
8*8  to  9*3  per  cent,  fiitty  matter;  from  Java  ooffee  8*9  to  9*2  per  cent  He  suppoeiv 
that  this  &t  is  for  the  most  part  produced  during  the  roasting  inasmuch  as  the  raw 
beans  yielded  only  from  4  to  5  per  cent  of  fat ;  and,  if  the  beans  thus  exhausted  wrn* 
subsequently  roasted,  they  yielded  an  additional  4  to  6  per  cent  fat  on  being  again 
treated  with  ether.  It  is  possible,  however,  that  the  fat  in  the  raw  beau  is  endi^eed 
in  cells,  and  does  not  become  accessible  to  the  ether  till  the  envel<^>es  are  bunt  by  Ike 
heat 

The  lat  extracted  by  ether  has  the  consistence  of  cacao-butter  (i  699),  and  exhalefl 
the  peculiar  aroma  of  coffee,  which  appears  to  be  produced  from  the  volatile  oil  of  the 
raw  beans  by  roasting ;  by  boiling  the  fat  with  water  this  aroma  is  driven  off  Tbe 
fSUis  a  mixture  of  several  substances,  some  of  which  are  likewise  soluble  in  alcohol. 
It  appears  to  contain  olein  and  palmitin.  together  with  a  reein  and  a  hydrocarbon ; 
perhaps  also  other  bodies.  The  ethereal  extract  likewise  contains  the  whole  of  tiic 
caffeine,  and  a  body  which  colours  iron-salts  greenish,  precipitates  lead-sal^  and  re> 
duces  gold  and  silver-salts. 

When  ground  coffee  which  has  been  exhausted  with  ether,  is  twice  heated  wirh 
boiling  water,  after  drying,  a  dark  brown,  strongly  acid  liquid  is  obtained,  having  a 
very  bitter  taste,  but  without  the  peculiar  agreeable  flavour  of  coffee.  The  aqueous 
extract  likewise  contains  sugar,  humo'id  substances,  assamar,  and  tannic  acid,  nearly 
identical  with  caffetannic  acid ;  also  a  substance  which  reduces  gold-  and  silver-salta, 
a  small  quantity  of  emp3rreumatic  oil,  salts,  and  indifferent  substances  insoluble  is 
alcohol  The  brown  bitter  products  in  roasted  ooffee  appear  to  be  produced  chiefly 
from  the  sugar,  inasmuch  as  tnat  substance  diminishes  gr«itiy  in  quantity,  or  disap- 
pears altogether,  in  the  roasting  process.  Graham,  Stenhouse  and  Campbell  found 
that  whilst  the  raw  beans  contained  5*7  to  7*8  per  cent  sugar,  the  roasted  beans  never 
contained  more  than  1*1  per  cent,  and  in  many  instances  none  at  all. 

The  residue,  after  extraction  with  ether  and  water,  yielded  by  boiline  with  wat^^r 
containing  carbonate  of  sodium,  a  solution  coloured  deep  brown  by  hnmm  subntancea. 

Decoction  of  coffee  does  not  contain  albumin  or  legumin. 

Oraham,  Stenhouse,  and  Campbell  found  in  roasted  coffee,  a  brown  volatile  oil  (the 
eaffeom  of  Boutron  and  Fr6my^.  heavier  than  water,  easily  soluble  in  ether,  spcringly 
in  boiling  water,  but  communicating  to  the  water  a  strong  aromatic  odour.  They 
also  found  from  2*5  to  3*0  per  cent,  nitro^n  and  sometimes  a  little  sugar. 

Von  Bibra  finds  that  when  ii^und  coffee  is  treated  with  boiling  wat«r  in  a  Freo'h 
coffee-machine, — in  which  the  boiling  water  is  fbroed  by  the  pressure  of  its  own  vjipt^ar 
from  the  lower  vessel  into  the  upper,  which  contains  the  coffee, — from  10  to  I'i  (^t^ 
out  of  100  of  the  coffoe  pH«s  into  the  solution :  by  complete  exhau^^tion,  a  iurvvr 
proportion  would  of  course  be  dissolved.    The  proportion  of  soluble  nut  ter  ia  iux*r  ja»d. 
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ap  to  a  eeitain  pointy  bj  strong  routiiig.  Aooordiog  to  Cadet,  coffee  roasted  to  a  red- 
brown  colour  yields  12'3  per  cent ;  ebiMtant-brown  coffee  18*5  per  cent ;  and  dark 
biuwn  237  per  cent  of  soluble  constituents.  Payen  obtained  87  per  cent,  and  the 
meidue,  after  thorough  exhaustion  with  water,  yielded  only  1*2  per  cent  ash,  |  of  which 
consisted  of  soluble  salts.  Lehmaon  found  in  roasted  Java  coffee,  21*5  per  cent 
soluble  matter.  Togel  found  89  per  cent  (in  the  raw  beans  only  25  per  cent.).  Soft 
water  dissolves  out  more  than  htad  water;  water  containing  carbonate  of  soda  mo8t 
ofall. 

The  aqueous  extract  of  coffee  yields  16*6  per  cent,  ash,  oontuning  61 '5  per  cent 
K«0,  8-6  CaO,  8  6  MgO,  0-2  FeW,  100  P«0»,  400  SO*.  20-6  C0«,  2  0  KCl,  07  SiO*. 
with  0*6  sand  and  charcoal 

PkyMiclogieal  action, — Coffee  acts  physiologically  in  two  ways :  first,  by  stimulating 
the  action  of  the  nervous  and  vascular  systems,  thereby  producms  a  feeling  of  cheerful- 
ness and  mental  activity ;  secondly,  by  retarding  the  transformation  of  tissue,  and  thus, 
to  a  certain  extent,  supplying  the  place  of  other  nutriment  Experience  has  in  fact 
shown  that  labourers  who  habitually  take  coffee  as  a  beverage,  require  less  nitrogenous 
fbod  to  keep  up  their  strength  than  those  who  do  not  take  coffee.  The  stimulating  and 
invigorating  action  of  coffee  appears  to  depend  both  upon  the  empyrenmatie  oil  and 
the  caffeine ;  the  retardation  of  tissue-tmnsfonnation,  chiefly  on  the  empyrenmatie  oil, 
the  caffeine  acting  in  this  manner  only  when  it  is  present  in  considerable  quantity. 
The  unpleasant  symptoms  which  sometimra  attend  an  excessive  use  of  coffee,  such  as 
headache,  trembhng,  and  a  peculiar  delirious  sensation,  are  mainly  due  to  the  caffeine 
(J.  Leh  mann,  Ann.  Ch.  Pharm.  Ixxxvii  207).  The  assamar  and  tannic  acid  in  roasted 
coffee  doubtless  also  contribute  in  some  way  to  its  phvsiological  action. 

Tea  resembles  coffee  in  containing  theine  (identical  with  caffeine)  and  tannic  add ; 
and,  accordingly,  its  action  resembles  that  of  coffee  to  a  certain  ext^t;  it  differs  from 
coffee,  however  in  not  containing  the  peculiar  empyrenmatie  oils  just  mentioned,  and 
in  being  richer  in  theine  and  tannin. 

Adolferatioii  of  Coffee.  (Graham,  St  en  house,  and  Campbell,  loe,  cit,) — 
Various  substances,  more  or  less  resembling  coffee,  are  used,  either  as  substitutes  for, 
or  additions  to  it  A  great  variety  of  seeds  were  tried  in  France  during  the  con- 
tinuance of  the  continental  blockade,  including — in  addition  to  maise,  buley,  oats, 
and  the  other  cereals — the  seeds  of  tlie  yellow  flag  (Iris  pseudo-acortu),  the  grey  or 
chick  pea  {(Heer  arietintim),  the  milk  vetch  or  Andalusian  astragalus  (Astragalus 
boetieus\  the  Hibiscus  ueuUntuSj  the  holly,  Spanish  broom,  aooms,  chestnuts,  the  small 
lupine  (Lupinus  attgusti/oiia\  peas,  haricots,  horse-beans,  sunflower,  pips  of  the  goose- 
IfGrrj  and  grape  eglantine  (Bosa  viUosa)^  and  the  capsules  of  box  (Buxus  sen^termrens). 
Of  Uiese  uke  yel£>w  flag,  a  common  manh-plant  in  England,  appears  to  offer  the 
greatest  similarity  to  co£ree ;  but  it  is  doubtful  whether  the  resemblance  extends  beyond 
the  aroma  of  the  seed  when  roasted.  Indeed  no  seed  appears  to  be  known  which,  when 
roasted  and  pulverised,  forms  a  true  and  efficient  substitute  fbr  coffee,  either  in  the  phy- 
siological properties  or  in  the  chemical  composition  of  the  soluble  extract  The  poorer 
sorts  of  coffee-beans  are  sometimes  tinted  by  dusting  them  with  coloured  powders,  such 
as  Prussian  blue,  powder  of  lime-tree  charcoal,  green  earth,  &c.,  mixed  with  a  Uttle  gra- 
phite^ to  give  them  the  silvery  appearance  of  the  finer  sorts. 

The  use  of  certain  roots  roasted  and  pulverised,  to  mix  with  ground  coffee,  is,  how- 
ever, mudi  more  common.  The  roots  most  used  for  this  purpose  are  those  of  chicory 
(Cieharium  tn/y5ttf),  carrot,  beet,  rush-nut  (Cvperus  escuientusy,  earth-nut  (AracMs 
A^po^wa),  scratch- weed  (Galium  aparine),  fern  (Mypodium  filis  nuu)^  and  buteher's- 
broom  (Ruscus  acuUatus). 

These  roots  are  prepared  by  cutting  them  into  thin  slices,  drying  them  on  a  stove, 
and  then  passing  them  throu^  a  ooffh^roaster,  generally  with  addition  of  about  2  per 
cent  of  butter,  and  sometimes  of  a  red  powder,  to, give  wem  the  colour  of  coffee.  In 
this  country  and  in  France,  the  root  most  used  as  an  addition  to  coffee  is  ehieory, 
the  annual  consumption  of  which  in  France  amounts  to  6,000,000  kilogrammes,  ui 
Germany,  b  ee  t  ana  c  ar  ro  t  are  extensively  used  for  the  same  purpose.  Kot  one  of  these 
roots  contains  either  caffeine  or  the  peculiar  aromatic  oils  of  roasted  coffee,  and  hence 
they  can  never  serve  as  efficient  substitutes  for  coffee ;  but  they  are  valued  as  an  addition 
to  it  because  they  contain  a  large  quantity  of  sugar  >-  chicory  as  mudi  as  80  per  cent 
— and  oonsequentiy,  when  roasted,  acquire  the  peculiar  bitter  taste  and  somewhat  of 
the  aroma  of  caram^  or  burnt  sugar,  which  is  weU  known  to  be  one  of  the  strongest  and 
most  general  of  our  gustatory  preferences,  being  that  which  gives  the  peculiar  flavoul 
to  the  sevwal  varieties  of  brown  beer  or  porter  (i  529). 

The  examination  of  a  sample  of  ground  coffee  for  the  detection  and  estimation  ol 
these  admixtures,  is  a  matter  of  some  difficulty.  As  none  of  the  roots  contain  caf- 
feine, the  quantitativti  determination  of  that  base  in  the  sample  may  give  an  approxi- 
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matioii  to  its  degree  of  purity.  For  this  i>iiip06ei  the  eoffoe  idaj  be  csbawttd  hf 
repeated  boiling  with  hot  water;  the  aolution  oonoentrated  a  little  by  erapormtioii ; 
the  caffetannic  acid,  and  certain  other  sabetancee,  precipitated  first  by  nentnl  aod  thvn 
by  baric  acetate  of  lead ;  the  excess  of  lead  remoyed  from  the  filtrate  by  solphiivetted 
hydrogeo ;  the  liquid  then  eraporated  to  digrness ;  the  dzy  matter  exhausted  with  spirit 
of  specific  gravity  0*840 ;  and  the  alcoholic  solotion  concentrated  to  a  nearly  tprapy 
state,  and  left  to  stand  for  ten  days.  The  ciystals  of  eafieine,  which  then  separate, 
are  collected  on  a  small  filter,  compressed  powerfhUv  to  remoTe  the  mother>liqnor,  then 
redissolTed  in  a  small  quantity  of  water,  and  the  solntion  is  CYaporated  and  cxystalliaed 
anew.  It  yields  almost  pure  caffeine,  the  Quantity  of  which  in  the  sample  is  thus 
determined.  Samples  of  pure  coffee  of  sereral  Tarieties  yielded,  by  this  treatment,  from 
0*80  to  I'Ol  per  cent  caffeine ;  if  then  the  amount  obtained  from  a  gixen  sample  be 
less  than  0*80,  the  admixture  of  some  other  substance  may  be  infeixed.  (Graham, 
Stenhouse,  and  CampbelL) 

If  it  be  desired  merely  to  determine  whether  a  ^^ai  sample  of  ground  vegetable 
substance  contains  coffee  or  not^  the  search  for  csffeine  may  be  made  br  a  rimpler 
process,  namely,  by  evaporating  the  aqueous  infurion  to  dryness  after  addition  of  Ixmei 
treating  the  di7  mass  with  ether,  leavins;  the  solution  to  CEystalHse  by  evaporation,  and 
testing  the  ezystaU  with  nitric  acid  and  ammonia,  whereby,  if  caffeine  be  present,  the 
purple  ocAoxa  of  murexid  is  produced  (i  708^ 

The  formation  of  quinone  by  the  oxidation  of  caffetannic  add  (i  709),  may  also 
be  used  as  a  means  of  recognising  the  presence  of  coflee  in  a  mixture.  For  this  pnipoea 
the  infurion  of  the  powder  is  evaporated  to  syrup,  and  1  pt.  of  the  reridue  is  distilled 
with  4  pts.  peroxide  of  manganese,  and  1  pt.  oil  of  vitriol  diluted  with  1  voL  water; 
quinone  is  tnen  given  off,  part  subliming  in  crystals,  while  the  rest  passes  over  with 
the  watery  distillate.    (Graham,  Stenhouse,  and  Campbell.) 

The  adulterations  of  coffee  are  most  easily  detected  by  their  phyrical  cfaaraetesv, 
by  the  proportion  of  sugar  oontained  in  the  sample,  and  by  the  oomporition  of  the  sah. 

1.  Action  of  Water. — ^When  hot  water  is  applied  to  the  powder  of  chicorT  and  oth<.«r 
rootle  it  softens  immediately,  from  the  frolity  with  which  tiie  water  is  imbiheii: 
whereas  the  grains  of  coffee  remain  hard  and  gritty.  Boasted  gmin,  such  as  wheat 
and  barley,  gives  with  hot  water  a  thick  mucilaginous  infurion,  while  the  inlVirion  of 
coffee^  is  remarkably  thin  and  limpid.  The  gnun-infnsion  generally  contains  starch, 
and  gives  a  blue  coloration  with  iomne^  whereas  the  inAisions  of  both  co£be  and  chicory 
appear  to  be  quite  destitute  of  starch. 

2.  (kitmring  Fewer. — Chiooir  and  the  allied  roots  impart  to  water  a  much  deeper 
colour  than  coffee,  the  coloration  being  also  much  more  rapidly  produced.  By  in- 
fbsing  eaual  quantities  of  the  several  substances  with  boiling  water,  and  observing  tho 
colour  of  the  filtered  inAirions  in  glass  tubes  of  equal  diameter,  it  was  found: —  if  tht" 
colouring  power  of  caramel  be  represented  by  1000,  that  of  chicory  is  450,  of  maise 
350,  of  ds^delion-root  300'3,  of  red  beet  800*3,  of  bread-raspings  274*72,  of  aconi^ 
200)  of  highly-rossted  coffee  173*31,  of  medium-roasted  coffee  143-88,  of  peas  7318, 
and  of  brown  malt  25.  Hence  it  appears  that  chicory  has  more  than  three  times  the 
colouring  power  of  highly-roasted  coffee ;  maiae  double  that  of  coffee ;  whereaa  peas  and 
beans  have  only  shout  half  the  colouring  power  of  coffee. 

In  infusions  prepared  with  cold  water,  cnicory  exhibits  four  times  the  colouring  Vffjf^ 
of  coffee.  If  a  few  grains  of  roasted  chicory  or  any  other  sweet  root  be  droppea  into 
a  glass  of  cold  water,  without  being  stirred,  a  yellowish-brown  colour  diffbses  rapidly 
through  the  b'quid,  whereas  pure  coffee  gives  no  senrible  colour  to  the  water  undn* 
rimilar  circumstances. 

3.  Specific  Graviitf  of  the.  Infusions. — Coffee  is  sharply  distinsuished  firom  the  two 
most  important  classes  of  adulterating  substances,  the  roots  and  cerealsi  by  the  eom* 
paratively  low  specific  gravity  of  its  inflision.  The  comparison  may  be  made  by  dia- 
aolving  1  pt  of  the  substance  in  10  pts.  of  cold  water,  raising  the  temperature  to  tha 
boiling  point,  keeping  it  there  for  about  half  a  minute,  and  tiien  filtering.  The  Iwu- 
Biaous  seeds  give  infusions  of  low  specific  gravity :  peas  1007*3,  beans  1008*4.  like 
specific  gravi^  of  coffee  inftasions  varies  finom  1008*0,  lor  Mocha,  to  1009*5,  that  of 
Casta  Rica  cotos  ;  that  of  chicory  infurion  is  much  higher,  raneing  in  diffinent  samples 
from  1019*1  to  1023*2.  Infusions  of  cereals  stand  equallyhigh,  or  higher,  in  the 
■eaie  of  gravity,  lye-meal  giving  1021*6,  and  maize  1021-5.         "^  ' 

4.  Actum  of  Ether.— The  following  substances,  agitated  with  ten  times  their  w«i^ 
of  ether,  give  different  proportions  of  matter  soluble  in  that  liquid,  via. : 

fiAMtedb^ans 1*81  per  cent  of  oil  and  twio, 

•*       maise 5*15        n  n  m 

n      chicory  (Yoikshire)  .  6*83        ♦.  h  i. 

gt      coffee  (Mocha)     .  .  15*98        «  »  • 
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the  lut  indnding  probftbly  1  per  oisnt  of  caflfeine.    Hence  it  appeen  that  coffee  yields 

to  ether  mnch  more  aolable  matter  than  beana,  maise,  or  chioorv,  which  repreaent  the 

three  olnwifn  of  UttuminouB  seeds,  cereals,  and  sweet  roots.    The  fat  obtained  from 

shicozy  was  doubt&s  that  which  is  added  in  the  roastbg  process,  to  prerent  burning. 

The  experiment  with  ether  is  easily  made,  and  may  sometimes  prove  Talnable. 

6.   Quantify  of  fennentabU  Swaar. — The  quantity  of  fermentable  sugar  in  sweet 

roots*  both  before  and  after  torroaction^  is  much  greater  than  in  coffee.    By  sabjecting 

the  diiferent  sabstancee  to  fermentation  with  yeast,  and  determining  the  amount  of 

alcohol  in  the  distillate  (see  Suoab),  the  sugar  in  raw  coffee  is  found  to  vazy  from  6*20 

to  7*62  per  cent;  that  of  roasted  coffee  from  0*0  to  1'14.    The  proportion  in  chioozy 

and  other  sweet  roots  is  given  in  tiie  following  table: 

Sugar  per  cent 


*- 


Kaw.  Boaitad. 

Fore^  chicory 23*76  11*98 

Guernsey    „ 30*49  15*96 

English       „ 86*23  17*98 

n           »    (Yoriuhize)      .        .                .  32*06  9*86 

Mangold-wurzel 23*68  9*96 

Carrots  (ozdinazy) 81*98  11*53 

Turnips .  30-48  9*65 

Beetzoot  (red)         .                ....  24*06  17*24 

Dandelion  root 21*96  9*08 

Parsnips 21*70  6*98 

Bonka  (a  coffee  substitute)      ....  —  5*82 

These  numbers  are  sufficient  to  show  that  the  fermentation-tfst  affi)rds  sn  easy 
method  of  distingnishing  these  roots  from  coffee.  The  leguminous  seeds,  cereals,  and 
other  seeds  are  not  so  easily  distinguished  by  this  method,  the  proportion  of  sugar  in 
the  roasted  material  Tsiyine  only  from  0*74  in  lupine  seed  to  2*70  in  acorns. 

6.  Composition  of  the  Ash. —  Uoffee  is  remarkably  distinguished  from  the  roots  and 
cereals  by  the  small  quantity  of  silica  in  its  ash,  which  never  exceeds  0*5  per  cent. ; 
and  even  this  small  quantity,  which  is  not  always  present,  probably  arises  from  acci- 
dental adhesion  of  sand  to  the  beana  Chiooiy-ash,  on  the  other  hand,  contains  (after 
deducting  sand)  from  3*81  to  10*52  per  cent,  silica  (i  962),  and  roasted  dandelion-root 
11*26  per  cent.  The  proportion  of  silica  may  be  detezmined,  without  making  a  formal 
analysis  of  the  ash,  bv  simply  digesting  it  in  strong  hydrochloric  acid  and  weighing 
the  residue.  In  lupines,  acom^  maize,  and  parsnips,  the  proportion  of  silica  is  not 
large  enough  to  afford  a  good  distinction  from  coffee;  but  lupine-ash  contains  17*75 
per  cent  of  soda,  which,  according  to  Qnham,  Stoihouse,  and  Campbell,  is  not  found 
in  coflfee-ash;  the  ashes  of  lupines  and  of  acorns  likewise  contam  twice  as  much 
chlorine  ss  coffee-ash,  and  in  the  ash  of  maize  the  proportion  of  phosphoric  acid  is 
vezy  high,  vis.  44*5  per  cent.,  whereas  in  coffee-ash  it  is  only  aMut  ten  per  cent. 
Beetroot  ash  is  distanguished  from  coffee-ssh  by  its  vezy  large  amount  of  chlorine, 
which  varies  from  about  8  to  29per  cent 

7.  Proportion  of  Nitrogen. — ^The  nitrogen  in  foreisn  raw  cfaicoiy  amounts  to  1*51  per 
cenl  ia  toe  rossted  root  to  1*42  per  cent  English  chicozy  gave,  m  the  raw  state  1*86, 
in  the  roasted  state  1*74  per  cent  nitrogen.  In  roasted  coffee  the  proportion  of  ni- 
trogen is  rather  greater,  viz.  about  2*75  per  cent ;  but  the  difference  is  not  great 
enough  to  afibrd  a  good  mode  of  distinction.  It  may,  however,  be  admitted  that  lees 
than  2  per  cent  of  nitrogen  in  co£fee  is  a  strong  presumption  of  adulteration  with 
ehicozy  or  some  other  root 

On  the  whole,  we  may  condude  that  the  best  indication-tests  of  the  presence  of 
forei^  substances  in  ground  coffee  are  afforded  by  the  colouring  power,  the  specific 
gravity  of  the  infruion,  the  fermentation-test,  and  Uie  composition  of  the  ash. 

COnSB  UUlVBS.  The  leaves  of  the  coffee  tree  have  been  examined  by 
8  ten  ho  use  (PhiL  Mag.  [4]  vii  21),  who  received  a  sample  of  them,  dried  at  rather 
too  high  a  temperature,  from  Sumatra.  They  were  found  to  contain  1*2  per  cent  caf- 
feine, and  altogether  2*1  per  cent  nitrogen ;  as  some  of  the  caffeine  may  have  been 
decomposed  in  the  dzving  of  the  leaves,  the  real  proportion  may  perhaps  amount  to 
1*5  per  cent  They  also  appear  to  contain  a  larger  proportion  of  oaPetannic  acid  than 
the  Deans ;  the  proportion  of  matter  extracted  by  wattf  was  38*8  per  cent  An  infu* 
sion  of  the  leaves  in  boiling  water  has  a  deep  brown  colour,  and  in  taste  and  odoui 
resembles  a  mixture  of  tea  and  coffee.  The  leaves  might  therefore,  perhaps,  be  used 
as  a  substitute  for  tea-leaves  or  coffee-beans.  Their  Tise  for  this  porpose  wis  first 
suggested  by  Van  den  Corput  in  Brussels.    (Ann.  Oh.  Phann.  Ixxxii  244.) 

Syn.  with  Caffeins  (i.  707). 
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COOWAC.  The  6ne8t  kind  of  French  brandy  distilled  from  wine ;  it  tnkee  iti 
name  from  the  town  of  Cognac,  in  the  DApartement  de  la  Charente.    (See  Bbajcdy, 

COBOB  ATZOir.  The  continnonfl  redistillation  of  the  same  liquid  from  the  same 
materials. 

COBB8ZOW  and  ABBBBIOV.  Cohesion  is  the  force  by  which  ptitides  of  one 
and  the  same  body,  or  homogenous  particles  in  general,  are  held  toaether.  Adhesion 
that  which  holds  together  the  particles  of  two  dissimilar  bodies  "when  brought  into 
close  contact. 

These  forces  appear  to  act  only  at  distances  inappreciable  to  oar  senses.  When  a  solid 
body,  as  a  piece  of  wood  or  stone,  is  broken,  the  pieces  cannot  be  made  to  cohere  again 
by  merely  pressing  them  together,  because  the  surfaces,  being  uneven,  can  only  eome 
into  contact  at  a  few  points,  and  the  oohesiye  force  is  imperceptible ;  but  if  the  bodies 
touch  each  other  by  large  flat  sui&oes,  as  when  two  well  polished  plates  of  g^aas  or 
metal  are  pressed  together,  they  cohere  with  great  force. 

The  adhesion  between  the  particles  of  dissimilar  bodies  is  determined  by  prscisely 
similar  conditions.  Plates  of  lead  and  tin,  or  of  copper  and  silver,  may  be  almost  in- 
separably united  by  strong  pressure  between  rollers.  Adhesion  takes  place  with  pecu- 
liar fiicility  when  one  or  both  of  the  bodies  is  in  the  liquid  state,  because  the  particles, 
being  free  to  more,  can  easily  adapt  themselTes  to  each  other.  All  Uquids,  like  oil  and 
water,  whidi  do  not  mix,  adiiere  with  more  or  less  force  by  their  surfiioes,  and  adhesion 
shows  itself  in  most  cases  when  a  liquid  comes  in  contact  with  a  solid  body,  the  liquid 
being  then  said  to  wet  the  solid.  A  glass  plate  suspended  from  the  arm  of  a  balance 
and  made  to  touch  the  surfS^e  of  water  requires  considerable  force  to  separate  it  If 
the  liquid  which  adheres  to  the  sur&ce  of  the  solid  afterwards  solidifies,  the  adhesioo 
becomes  still  stronger :  this  is  the  principle  of  eem  e  n  t  i  n  g.  When  two  glass  plates  are 
joined  together  wiUi  sealing  wax,  the  aimesion  is  sometimes  so  strong  t£it  in  attempt* 
ing  to  part  them,  particles  of  the  glass  separate  from  each  other  rather  than  from  tiie 


Notwithstanding  the  great  difference,  which  appears  to  exist  between  these  mole- 
ocular  forces,  and  that  of  gravitation,  the  former  acting  only  at  insensible,  while  the 
latter  acts  at  all  distances,  it  is  not  difficult  to  show  that  both  kinds  of  attraction  msj 
be  merely  different  modifications  of  the  same  power.  Let  it  be  assumed  that  all  ulti- 
jnate  atoms  attract  one  another  with  forces  yaiying  directly  as  their  masses  and  in- 
versely as  the  squares  of  the  distances  between  them,  and  that  the  a^^gregates  of  atoms 
•constituting  the  physical  molecules  are  not  spherical,  at  least  not  in  all  cases.  The 
law  of  molecular  attraction  will  then  depend  in  great  part  on  the  forms  and  dimen* 
sions  of  these  molecules.  The  attraction  between  spheres  composed  of  particles  which 
Attract  one  another  according  to  the  law  of  the  inverse  squares,  is  the  same  as  if  tht* 
vhole  matter  of  each  sphere  were  concentrated  in  its  centre,  that  is  to  say,  the 
•spheres  attract  one  another  inversely  as  the  square  of  the  distance  between  their 
centres.  But  in  bodies  of  any  other  shape,  the  attraction  ina;y  be  regarded  as  consist- 
inff  of  two  parts,  one  following  the  law  of  the  inverse  squares,  mst  as  if  the  bodies  wer« 
apheriea],  the  other  dependent  on  the  shape  of  the  bodies,  and  varying  inversely  as  the 
cube  of  the  distance  between  their  centres  of  gravity.  Such  is  the  case  with  the  attrac- 
tion of  the  earth  and  moon.  The  equatorial  protuberance  of  the  earth  produces  certain 
^rturbations  in  the  relative  movement  of  the  two  bodies,  which  vary  in  magnitude 
juscording  to  the  law  last  stated,  and  would  become  much  more  perceptible  if  the  earth 
and  moon  were  nearer  to  each  oUier,  but  would  vanish  if  the  distance  between  them  were 
much  greater  than  it  is :  for  example,  if  the  distance  were  diminished  to  ^  of  its  present 
Amount  the  principal  part  of  the  attractive  force,  which  determines  the  elliptical  mo- 
tion, would  be  increased  100  times,  but  the  disturbing  force  depending  on  the  figure 
would  be  increased  1000  times.  If  then  the  law  of  attmction  between  the  moleoales  of 
bodies  be  affected  in  like  manner  by  their  figures,  it  will  follow  that  at  the  extremely 
small  distances  existing  between  the  particles  of  a  solid  body  or  of  two  bodies  pressed 
closely  together,  the  moleeular  force,  which  determines  the  phenomena  of  oohesion  hihI 
adhesion,  may  become  almost  immeasurably  greater  than  when  they  an  sepented  by 
any  appreciable  distance :  for  the  molecules  are  so  minute  that  the  smallMt  dirtanre 
appreciable  to  our  senses  may  be  regarded  as  infinitely  great  compared  with  their  di* 
nensions,  so  that  it  is  only  at  insensible  distances  tlAt  the  influence  of  their  fivnn 
makes  itself  felt. 

The  force  of  oohesion  varies  with  the  tramratare  and  the  nature  of  the  body.  la 
^asea,  in  which  the  dimensions  of  Che  actual  material  particles  must  be  ai^iposed  to  be 
infinitely  small  as  comniied  with  tha  intervals  between  them,  the  eohesire  fines  is 
little,  if  at  all  perceptible ;  in  tdctt  the  particles  of  gases  have  a  constant  teodmej  to  At 
aiiunder.    (See  Ga.sxs  and  HnaT.) 
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In  liqaidfli  th«  distance  between  the  particles  is  still  solBcieBtlj  greats  oompared 
with  their  size,  to  gire  great  freedom  of  motion,  bat  not  soffident  to  render  the 
molecular  attraction  depending  on  the  form  of  the  particles  imperceptible ;  hence 
liqnids,  thoogh  their  particles  yield  with  esse  to  any  external  force,  neyertheless  ex- 
hibiti  when  left  to  themselres,  a  tendency  to  assume  the  spherical  form,  that  being 
the  arrangement  in  which  a  giyen  numlier  of  particles  occupy  the  smallest  space ; 
since,  howcTer,  the  liqnid  mass  is  snlgect  to  the  influence  of  other  forces,  as  gravita- 
tion and  adhesion,  the  spherical  form  of  a  drop  is  nerer  perfect ;  this  may  be  seen  in 
the  form  which  drops  of  mercniy  assume  on  glass,  or  water  on  glass  smeured  with  fat 
or  lyoopodinm.  As  the  temperature  rises,  the  cohesive  force  becomes  less,  in  conse- 
quence of  the  greater  separation  of  the  particles ;  consequently  a  heated  liquid  gene- 
rally fbrms  smaller  drops  than  a  cold  one.  Different-  liquids  exhibit  different  degrees 
of  cohesion,  the  cohesive  power  being  veiy  nearly  proportional  to  the  density. 

In  solids,  the  cohesive  power  shows  itself  in  the  highest  degree,  the  particles 
not  being  able  to  move  fre^v  over  one  another,  so  that  an  exttsrnal  force,  if  it 
does  not  produce  disruption,  gives  rise  to  an  equail  and  parallel  motion  throughout  the 


The  force  of  cohesion  in  .a  solid  is  measured  by  the  resistance  which  the  body  ofiers 
to  any  mechanical  fSoree  tending  to  separate  the  particles.  The  resistance  offered  to 
a  force  tending  to  pull  the  purtides  asimder  is  called  the  absolute  cohesion  or 
tenacity;  theiatenilresistancetofractureistherelative  tenacity;  and  the  resist- 
ance which  the  body  opposes  to  a  crushing  force  is  sometimes  called  the  retroactive 
tenacity  (riiekwtrikende  FeaHgheU),  These  three  modifications  of  the  cohesive 
strength  have  all  been  made  the  subject  of  direct  experiment  in  numerous  bodies ; 
they  are  connected  with  each  other  by  relations  which  are  canable  of  exact 
mathematical  analysis,  but  the  investigation  of  which  is  foreign  to  tne  character  of 
this  work. 

Abaoluie  tenacity — ^Muschenbroeck  made  numerous  experiments  on  the  absolute 
tenaoity  of  bodies;  his  results  are  given  in  the  following  table,  which  shows  the 
weights  required  to  break  rods  or  wires  of.  various  materials  when  suspended  from 
them:— 

AhtoluU  Tmaoiiies  of  SoUdi 

Horisontal  sectloa  Horiaootal  nction 

m  I  iqiure  line.  ■■  i  M|*  ontliiMCre. 

Elm-wood -87  pounds  918  kilogr. 

VuM  (Pinui  nlvetMi)    .        .        .      97  „  1021  „ 

Fir  (Auks  o^ies)    .        .        .       67—88  „  600—929  „ 

Oak 110—140  „  1160—1466  „ 

Beech 186—148  „  1349—1686  „ 

Ebony 89  „  984  „ 

Copper  wire 266  „  2782  „ 

Brass 840  „  3660  „ 

Gold 442  „  4646  „ 

Lead 26  „  272  „ 

Tin 48  „  *67  „ 

saver 826  „  8411  „ 

Iron 898  M  ^182  „ 

Glass  (white)       •.        .        .        14—22  „  142—233  „ 

Hempen  oord         .        .        .       84—60  „  360—860  „ 

The  great  variation  in  the  strength  of  hempen  cord  arifies  from  the  unequal  quality 
of  ^e  fibre.  Thin  cords  are  comparatively  stronger  than  thick  ones,  because  they  are 
made  of  better  hemp. 

The  number  for  gold  in  the  above  table  is  doubtless  too  high.  According  to  Count 
Sickingen,  the  tenacities  of  different  metals  are  to  one  another  in  the  following  propor- 
tions:— 


Gold   . 

.     160966 

Copper        .        .        .     304696 
Soft  iron  (Swedish)     .     362927 

Silver . 

.     190771 

Platinum     . 

.     262361 

Hard  iron    .        .        •     669880 

The  following  table  exhibits  the  absolute  tenacities  of  different  metals  at  the  tem- 
peratures of  0^,  100^,  and  200^  C,  as  determined  by  Baudrimont  (Ann.  Ch.  Phys. 
[3]  XXX.  304.)  The  upper  number  opposite  each  raetal  gived  the  highest  tenacity  ob- 
fierved :  the  lower  number  the  mean  of  each  set  of  experiments: 
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G«ld 


Pktiinim 


Copper 
fiilTer 


Palladiiim 


Iron 


Tenacity  In  fmnmni  for  a  tranivorM  MctSao  of  1 


^ 


5  19061 
(  18400 

5  23026 
{  22625 

5  25888 
}  25100 

5  28620 
]  28824 

5  86988 
)  86481 

(209818 
) 205405 


lOO® 


15766 
15224 

20421 
19284 

22050 
21878 

24526 
28266 

82871 
82484 

201089 
191725 


200^ 


18094 
12878 

18118 
17277 

19889 
18215 

18705 
18577 

29212 
27077 

218805 
210270 


These  xiiimben  show  that  the  tenacitj  diminiehfui  for  the  moet  part  ai  the  tempera- 
ture rieee ;  izon,  howeyer,  exhibits  an  exoeptioD,  being  more  tenadoos  at  200°  than 
at  IWP  C. 

Baistanee  to  eruskina. — ^The  followixig  table  ie  the  reenlt  of  ezperunenta  hj  George 
Rennie,  jtUL,  pnbliehed  in  the  first  part  of  the  PkHosophieal  DransacHont  for  1818. 

Mr.  Bennie  found  a  cubic  inch  of  the  following  bodies  crashed  by  the  following 
weights :  — 

OrmMttit  valflt 

Ebn                 1284 

American  pine 1606 

White  desi 1928 

English  oak 8860 

A  prism  of  Portland  stone,  2  inches  long 805 

Ditto  statnazy  marUe 8216 

Craigleith  stone 8688 

Cu5eto/ li^A 

ap.gr- 

Chalk —  1127 

Brick  of  a  pale  red  colour 2*085  1265 

Boe-stone,  Gloneestanhire —  1449 

Bed  brick,  mean  of  two  trials 2*168  1817 

Yellow-foce  baked  Hammersmith  pariors,  three  times  .  —  2254 

Burnt  ditto,  mean  of  two  trials —  3243 

Stourbridge,  or  fire  brick —  8864 

Derby  grit,  a  red  friable  sandstone       ....  2*316  7070 

Derby  grit  from  another  quarry 2*428  9776 

EilliJa  white  freestone  not  stratified   ....  2*428  10264 

Portland 2*428  10284 

Craighleith  white  freestone 2*462  12846 

Yorkshire  paving,  with  the  stzata         ....  2*507  12856 

Ditto,  against  the  strata 2*507  12856 

White  statuary  marble,  not  veined        ....  1*760  23632 

Brsmley-FaU  sandstone^  near  LeedS)  with  strata  •        .  2*506  13632 

Ditto,  sgainst  strata    .......  2*506  13682 

Comish  granite 2*662  14302 

Dundee  sandalone,  or  breccia,  two  kinds       •        .        .  2*650  14918 

A  two  inch  cube  of  Portland 2*423  14918 

Craighleith,  with  stxaU 2*452  15560 

Devonshire  red  marble,  variegated        •        •        •        •  —  16712 

Compact  limestone 2*584  17854 

Peterhead  granite,  hard  dose-grsined  •.,,.—  18636 

Black  compact  limestone,  Limfflifik      •       •        •       •  2*598  19924 

Puibeck 2-599  20610 

Black  Brabant  marble  •••••••  2*697  20748 
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€ki6e§  of  1|  inch  {conUnved), 

Crushing  weight 
Sp.  gr.  in  Ibt.  m. 

Very  hud  freMtone 2'628  21264 

Wfaito  Italian  Tvined  marble 2-726  2178« 

Aberdeen  gnmite,  bine  kind 2*626  24666 

Cubes  of  different  metalfl  of  }  inch  were  crashed  bj  the  following  weights :  — 

Um.  ST. 

Cast  iron                  9778 

Cast  copper 7318 

Fine  yellow  brass 10804 

Wronght-copper 6440 

Cast  tin 966 

Cast  lead 483 

Bars  of  different  metsls,  6  inches  lon^,  and  }  of  an  inch  square,  were  suspended  by 
nippers,  and  broken  by  the  following  weights:  — 

Ibt  av. 

Cast  iron,  horisontal 1166 

Ditto,  vertical 1218 

Cast  steel,  preTioosly  tilted 8391 

Blistered  steel,  rednced  by  the  hammer 8822 

Shear  steel,  ditto 7977 

Swedish  iron,  ditto  ..........  4604 

English  iron,  ditto 8492 

Hard  ffon-metal,  mean  of  two  trials 2278 

Wron^t  copper,  reduced  by  hammer 2112 

Csst  copper 1192 

Fine  yellow  brass 1123 

Cast  tin 296 

Cast  lead 114 

On  the  tenacity  and  other  mechanical  properties  of  cast  iron,  a  large  number  of  ex- 
periments were  made  by  Stephenson,  Fairbaim,  and  Hodgkinson,  in  connection  with 
the  construction  of  tubnlar  bridges  (  The  Britannia  and  Conway  Tubular  Brid^es^  by 
Clarke,  London,  1860;  Ann.  Min.  [4]  zz.  427).  The  experiments  on  the  resistance 
to  direct  tension,  gare  for  the  absolute  tenacity  of  cast-iron  a  mean  value  of  10  to  11 
kilogrammes  for  a  square  millimetre.  The  retroactive  tenacity  was  found  to  be  on 
the  average  6*7  times  greater  than  the  absolute  tenacity. 

The  tenacity  of  fflau  has  been  examined  by  Fair  bairn  and  Ta  te  (Fioc.  Boy.  Soe 
X.  6i    The  absolute  tenacity  determined  by  direct  stretching  woh  found  to  be  for : 

Teiiackjr  per  iq.  In.  in  Iba 

Flint  glass  (best;  specific  gravity  8*0782) 2413 

Green  glass  (specific  gravity  2*6284) 2896 

Crown  glass  (extra  white ;  specific  gravity  2*4604)  .        .    2846 

But  from  experiments  on  the  resistance  of  glass  globes  to  internal  pressures^  muiA 
higher  values  were  found  for  the  absolute  tenacities,  viz.  for : 

Tenadtj  In  Ibe. 

Flint  glass 4200 

Green  ghtss 4800 

Crown  glass 6000 

These  results  are  regarded  by  the  authors  as  more  tmstworthy  than  the  former,  be< 
cause  the  globes  were  better  annealed  than  the  rods  used  in  the  first  experiments. 

Experiments  on  the  resistance  of  glass  to  emshing  were  made  upon  small  cylinders 
and  cubes  crushed  between  parallel  steel  surfaces  by  means  of  a  lever.  The  eyUsders 
were  cut  from  rods  drawn  to  the  required  diameter  while  hot,  and  then  annealed. 
The  cubes  were  cut  from  much  larger  portions,  and  were  probably  less  thoroughly  an- 
nealed. For  this  reason,  the  experiments  on  cylinders,  which  gave  neariytwiee  the 
resistance  affcnded  by  the  cubes,  are  regarded  as  the  more  trostworthy.  Tlie  follow- 
ing  table  gives  the  mean  results : 
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Resistance  of  Glass 

to  Crushing. 

Flint  g^us 

Green  glass 

Grown  glass 

Mean  eruihlnr  wolgbt  in  Ibt.  per  iq.  mch. 

For  cjrUndan. 

Foreobfl*. 

27682 
31876 
31003 

13^80 
20206 
21762 

C»H«NH)"  (Obeplin,  Ann.  Ch.  Phys.  p]  L  108).— An  alka- 
lo'id  piepared  from  colchicine  by  addnlating  the  aqneoos  solution  of  that  bodj  with 
tulphnnc  or  hydrochloric  acid,  concentrating  the  uqnid  to  dryness  oyer  the  water- 
both,  then  adding  water,  and  crystallising  from  idcohol  the  yellow  mass  which 
separates.  At  the  same  time  there  is  prodnrad,  by  the  action  of  the  acid  on  the  col- 
chicine (perhaps  impure),  a  resin  which  dissolves  in  alcohol  and  in  ether,  and  with 
deep  red  colour  in  ammonia  or  nitric  acid.  According  to  Oberlin,  oolchiceine  exists 
ready  formed  in  the  seeds  of  Colehiewn  autumnale, 

Colchieeine  crystallises  in  colourless  nacreous  lamins  or  needles,  sparingly  tolubla 
in  cold,  more  easily  in  boiling  water,  easily  soluble  in  alcohol,  wood-spirit,  and  diloro- 
form.  It  melts  at  166^  C.  and  becomes  coloured  at  200^.  It  dissolTes  with  deep- 
yellow  colour  in  strong  nitric  acid ;  without  colour  in  sulphuric,  hydrochloric,  and 
acetic  acid,  It  is  insoluble  in  alkalis,  appears  to  unite  with  baiyta,  is  coloured  groee 
by  ferric  diloride.  The  dcoholie  solution  is  not  precipitated  by  lead-salts,  platanie 
or  mercuric  chloride,  nitrate  of  silver,  or  tincture  of  galls. 

CJolchiceine  exerts,  sometimes  at  least>  a  poisonous  action  when  iiyected  into  the 
stomach.  Oberlin  states  (Compt  rend.  liii.  1202),  that  0*1  grm.  killed  rabbits  in 
12  hours,  and  0*06  grm.  in  a  few  minutes ;  but  according  to  another  account  (Ann. 
Ch.  Fhys.  [3]  L  114),  even  0*6  grm.  produced  only  temporary  symptoms. 

OOSCBXOZara.  This  alkaloid,  which  is  contained  in  all  parts  of  the  Cofckicitm 
autumnale,  and  probably  also  in  other  species  of  oolekieum,  was  discorered  byPelletiet 
and  Caventou  (Ann.  Ch.  Phys.  [2]  ziy.  69),  who  however  regarded  it  as  identiolwiih 
veratrine.  It  was  further  examined  by  Oeiger  and  Hesse,  who  fint»  in  1833, 
(Ann.  Ch.  Pharm.  vii.  274)  recognised  its  separate  identity,  and  hasi  been  mors 
recently  investiMted  by  Hiibschmann  (Arch.  Pharm.  [3j  xcii.  830),  Aschoff, 
ibid.  IrxTTT.  4),nlej(ilnd,  18),  and  others. 

Preparation.  —  1.  The  braised  seeds  of  colchicum  are  macerated  with  alcohoJ 
oontaininff  sulphuric  add;  the  extract  is  treated  with  lime;  the  filtered  liquid  sa^ 
turated  with  snlphuric  add;  and  the  alcohol  expelled  by  distillation.  The  concen- 
trated aqueous  solution  is  then  decomposed  with  carbonate  of  potassium ;  the  pre- 
cipitate IS  dried,  and  dissolved  in  absolute  alcohol ;  the  solution  is  decolorised  with 
animal  charcoal ;  the  filtered  liquid  is  evaporated  at  a  gentle  heat ;  and  the  alkaloid 
thus  obtained,  is  purified  by  repetition  of  the  treatment  with  alcohol  and  animal  diar- 
eoal(G-eiger  and  Hesse). — 2.  According  to  Hiibschmann,  a  larger  product  is  obtdbed 
by  exhausting  the  seeds  with  3|  pts.  alcohol  of  90  per  cent. ;  then  dJMfJIImg  off  the 
alcohol,  precipitating  the  residual  liquid  with  carbonate  of  potassium ;  exhausting  the 
dried  precipitate  witn  ether,  and  finally  with  sulphuric  acid,  to  separate  resin ;  and  re- 
preeipitating  with  carbonate  of  potassium.  — 3.  Aschoff  boils  the  comminuted  seeds 
with  water,  neutralises  the  decoction  with  lime-water ;  filters  after  boiling,  and  ev»> 
porates  to  the  censistence  of  an  extract;  then  exhausts  the  extract  with  aleohoL 
continuing  the  process  as  long  as  the  alcohol  acquires  thereby  a  bitter  taste.  The 
residue  left  after  the  distillation  of  the  alcohol,  is  dissolved  in  water  and  precipitated 
with  tannie  acid ;  the  precipitate  is  washed  and  pressed,  then  dissolved  in  alcohol, 
and  digested  with  a  sufficient  quantity  of  recently  precipitated  feme  hydrate  at 
80°  C. ;  lastly,  the  filtrate  is  evaporated,  and  the  residue  treated  with  absolute  alcohol, 
which  dissolves  out  the  pure  colchicine. — 4.  Polex  exhausts  the  braised  seeds  with 
a  mixture  of  4  pts.  ether  and  1  pt^  alcohol,  evaporates  to  dryness,  dissolves  the 
residue  in  water,  and  purifies  the  dissolved  alkaloid  with  animal  charooaL 

Bley  and  Aschoff^  obtained  from  the  seeds,  as  a  maximum,  0*2  per  cent  of  oolchieine. 

Colchicine  may  likewise  be  prepared  by  similar  processes  from  the  ilowen,  leavce. 
and  bulbs  of  the  plant 

Properties. — Colchicine  crystallises  from  its  alcoholic  solution,  on  addition  of  wat^r, 
in  colourless  prisms  and  needles :  the  alcoholic  or  ethereal  solution  leaves  it,  on  evapo- 
ration, in  the  form  of  a  transparent  varnish  (Oeiger).  According  to  otherehemisfA. 
colchicine  is  always  obtained  as  an  amorphous  yellowish  white  powdec  It  has  a 
persistently  bitter  taste,  not  burning  like  that  of  veratrine ;  it  is  inodorous^  and  docs  not, 
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Uke  Teratrme.  excite  sneezmg.  Aecotdiog  to  Geiger,  it  has  a  vezy  faint  alkaline 
reaction,  reddening  rhubarbarin,  and  bioing  reddened  Utmne  paper.  According  to 
Bley,  Aflchofl^  and  Hiibachmann,  on  the  contraxy,  it  is  perfectly  neatraL  It  is  pe^ 
manent  in  the  air. 

The  composition  of  colchicine  has  not  been  satieilictorily  determined.  According 
to  Bier,  it  contains  66*0  per  cent  G,  7*4  H,  and  18*0  N,  which  he  represents  by  the 
empirical  formula  C*^H^JPO^\  althonsh  his  zemilts  agree  better  with  C^H^1P0*\ 
or  C**H"N^.  Asohoff  fonnd  66*2  C,  6*2  H,  and  2*8  N,  whence  he  deduces  the 
formnla  CH^'NO".  The  gieat  difforencein  the  nitrogen  detenninations,  and  certain 
differences  in  the  properties  of  the  base,  as  observed  by  these  two  chemists,  seem  to 
show  that  they  must  naye  beoi  opeiatiiig,  either  upon  different  bases,  or  on  the  same 
in  yeiy  different  degrees  of  purity. 

Colchicine  dissolyes  with  moderate  facility  in  water,  according  to  Hnbsehmann,  in 
Ian  than  2  pts.  at  22^  G. ;  this  property  distinguishes  colchicine  from  yeratrine^ which  is 
insoluble  in  water.  It  dissolyes  easily  in  alcohol,  less  easily  in  pure  ether;  at  20^  G., 
in  18  i^ts.  ether  of  spedfio  grayity  0*74.  Ghloroform  dissolyes  it  readily,  and  with- 
draws it  for  the  most  part  mm.  the  aqueous  solution  on  agitation. 

Colchicine,  when  strongly  heated,  melts  and  decomposes  with  intumescence  (according 
to  Bley,  it  yolatilises  at  112^  G.).  Strong  nitric  add  oolouzs  it  deep  yiolet  or  blue, 
quickly  changing  to  oliye-green  and  yellow ;  strong  sulphuric  acid  colours  it  yeUowish- 
Drown,  not  yiolet,  thus  a£fordinff  a  distinclion  from  yeratrine.  Phosphoric  add  and 
hydrochloric  add  colour  eyen  dilute  solutions  of  colchicine  distinctly  yellow ;  chromic 
add  colours  the  solution  green.  Chlorine-water  rendeis  the  solution  turbid,  and  on 
subsequently  adding  ammonia,  it  assumes  a  yellowish-red  colour.  Colchicine  is  pre- 
cipitated of  a  kermes-broWn  colour  from  its  aqueous  solution  by  tincture  of  iodine ; 
ydlow  by  dichloride  of  plattnum,  white  by  tannic  arid,  the  last-mentioned  precipitate 
being  soluble  in  alcohol,  acetic  add,  and  alkaline  carbonates. 

The  statements  of  di£forent  chemists  regarding  the  behayiour  of  colchicine  with 
bases  and  adds  do  not  sgree.  Accordinff  to  Aschof^  colchicine  is  conyerted  by  caustic 
alkalis  into  a  brown  resinous  mass,  soluble  in  water  and  alcohol ;  it  unites  witn  baryta 
and  lime,  but  does  not  decompose  alkaline  carbonates.  According  to  Bley,  a  solution 
of  colchicine  mixed  with  caroonate  of  soda,  yields  by  eyaporation  a  non-crystalline 
mass,  free  from  carbonic  add  (?), 

According  to  Ghsiger,  oolchicme  neutralises  adds  completely,  forming  extremely  bitter 
salts,  with  rough  irritating  after-taste ;  some  of  them,  the  sulphate  for  example,  are 
erystalliaable  and  permanent  in  the  air.  They  are  yery  soluble  in  water  and  in 
alcohol,  the  aqueous  solutions  yielding  with  iodine  and  with  tincture  of  galls  the 
same  reactions  as  the  pure  base;  caustic  alkalis  predpitate  the  colchicine  from  con- 
centrated, but  not  ttom.  dilute  solutions  of  the  salts  Bley  and  Aschoff  did  not  succeed 
in  preparing  erystallisable  compounds  of  colchicine  with  acids.  The  salts  were  acid, 
and  soluble  in  water  and  alcohol,  excepting  the  tannate,  which  is  insoluble  in  water. 

Pkynolofficai  <ieHon. — Colchicine  is  poisonous,  eyen  small  doses  causing  yiolent 
yomiting  and  purging ;  ^di  of  a  grain  kified  a  cat  in  twelye  hours.  Tannin  is  said  to 
be  a  goM  antidote.  In  cases  of  poisoning  by  colchicine,  the  alkaloid  may  be  detected 
by  treating  tiie  stomach  and  intestines  with  strong  alcohol,  eyaponting  the  liquid, 
and  again  treatiuff  the  rendue  with  alcohol,  or  with  alcohol  and  ether,  and  again 
eyaporating.  Coldiidne  then  remains  as  an  amorphous  yellowish  mass,  which  exhibits 
the  abore-mentioned  reactions  with  mineral  adds,  tincture  of  iodine,  and  tannic  add. 


The  root  and  seeds  of  this  plant  are  used  in 
pharmacy ;  according  to  Coindot,  howeyer,  the  flowers  axe  mare  actiye  and  to  be 
recommended  for  the  preparation  of  a  tincture. 

The  flowers,  acooraing  to  Bdthner,  contain  colchicine  in  combination  with  tannic 
add,  also  sugar,  pectin,  gum,  fat,  wax,  and  resin.  The  dried  flowers,  without  anthers, 
yield  4*06  per  cent  ash  (a) ;  the  dried  anthers  alone  yield  4*16  per  cent  ash  (jb),  con- 
taining in  100  parts : 

a.  6.  a.  h. 


Potash 

.    87-4 

400 

Silidc  add  (anhydrous)      77 

08 

Soda    .       • 

8*6 

61 

Carbonio      „        .        •    22*8 

22*6 

Lime    . 

4-8 

2*6 

Sulphurie    „        .        •      8*7 

6*2 

Magnesia 

8*0 

6*6 

Phosphoric  „        •        •    10*6 

14*4 

Alumina 

.      0*8 

trace 

Chlorine       .        •       ,1*6 

0*6 

Ferric  oxide 

0*6 

0-2 

The  ripe  seeds  collected  in  July  contain  in  100  pts^  according  to  Bley :  0*2  colchi- 
dne,  6  glucose,  and  6  fixed  oil,  together  with  resm,  extraetiye  matter,  cellulose,  and 
traces  oi  yeratrie  add  and  gallic  acid. 

The  fresh  bulbs  contain,  according  to  the  same  authority,  0*2  per  cent,  colchicine, 
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0-3  sugar,  0*6  colouring  matter,  29*0  Btarch,  together  with  ^Uie  add,  extxaetiTa 
matter,  cdluloeei  &c.  Colman  found  also  21  per  cent  Btareh.  The  sUreh  may  be  ex- 
tracted from  the  bulbs  bj  washing  with  water ;  after  pfokaged  washing,  it  is  petfeetlj 
pure  and  tasteless.    (Handw.  d.  ChenL  iL  [3]  163). 

COliCOTBAH  Virmzou,  also  called  CrocHi  MartU,—Thf  brown-r^  oxide  of 
iron  which  remains  after  the  distillation  of  sulphuric  add  from  sulphate  of  iron ;  it  is 
used  as  a  polishing  powder. 

COIi&BTXar.  A  ctystallisable  bitter  prind|»le»  obtained  frt>m  CoUtUa  apimea 
(order  Rhamnacem),  It  forms  needles  insoluble  in  eold  water  and  ether,  sparinglj 
soluble  in  boiling  water,  easily  in  alcohoL  It  is  contained  in  the  aleohoUe  tincture  of 
the  plant)  which,  according  to  t.  Mardus,  is  used  in  Brsxil  as  a  remedy  for  inter- 
mittent fever*    (Handw.) 


COUbXBXn.  C^H^K. — ^An  alkaloi'd  found,  together  with  many  others,  among 
the  products  of  the  dry  distillation  of  animal  substances  and  of  coal  It  was  diseoTered 
by  Anderson  in  1866  (PhiL  Mag.  J.  [4]  ix.  146,  214^  who  obtained  it  from  bone-oil, 
and  was  afterwards  found  by  Greville  Williams  in  the  bituminous  shale  of  Dor^ 
setshire  (CSienL  Soc.  Qu.  J.  TiL  97),  in  coal  tar,  and  in  the  impure  quinoline  obtained 
by  the  d^  distillation  of  quinine  and  dnchonine  (Chem.  Oas.,  1866,  p.  808).  It  is 
Isomeric  with  ethyl-phenylamine,  ethyl-piooline,  dimethyl-phenylamine,  and  s^lidine. 

Preparation. — 1.  The  portion  boiling  above  170°  C.  of  the  mixture  of  volatile  baMS 
obtained  from  bone-oiWi  626),  is  mixed  with  a  considerable  quantity  of  strong  nitrie 
ad4  which  acts  very  violently  upon  it)  thereby  acquiring  a  deep  red  colour,  and  on 
boiling  evolves  nitrous  add  fbmes  and  an  odour  of  bitter  abnonoB.  The. part  boiliog 
at  182°  C.  must  be  well  cooled  while  beinj^  mixed  with  the  nitric  add,  to  prevent  ex- 
plosion. The  add  solution,  when  mixed  with  water,  becomes  turbid,  from  the  separation 
of  a  reddish-yellow  oil,  which  seems  to  be  impure  nitro-benzene;  the  add  solution  is 
filtered  through  moist  paper,  and  the  filtzate  is  boiled  for  some  time  to  expel  the  last 
traces  of  the  neutral  oils,  then  saturated  with  potash  and  distilled.  The  oil  which 
passes  over  with  the  wat^  is  repeatedly  rectified,  and  the  portion  boiling  between 
178°  and  180°  is  collected.  The  part  of  the  mixture  of  bases  boiling  above  170°  con- 
tains a  condderable  quantity  di  phenylamine,  which  cannot  be  removed,  either  by 
rej^eated  rectification  or  by  recnystallisation  of  the  oxalate ;  by  the  action  of  nitiio  add 
it  IS  destroyed,  whilst  the  alkalis  homologous  with  ocUidine  remain  undeoompoeed. — 
The  part  boiling  between  172° — 180°,  when  treated  in  this  manner,  yields,  by  distilla- 
tion with  ^tasE,  an  oil  which  begins  to  boil  at  160°,  and  is  composed  for  the  most 
part  of  lutidine ;  while  the  portion  boiling  above  180°  yields  an  oil,  the  greater  pait  of 
which  goes  over  at  179°,  and  when  rectSed  yields  pure  coUidine.  (Anderson.)— 
2.  When  the  mixture  of  chinoline  with  other  bases,  which  is  obtained  by  the  dis- 
tillation of  dnchonine  with  potash,  is  subjected  to  oft-repeated  fractioual  distillation, 
the  portion  boiling  between  177°  and  182°  C.  yields,  with  solution  of  platinum,  ehloro- 
platmate  of  collidine.  This  salt  may  also  be  obtained  from  the  fraction  boiling  be- 
tween  182°  and  187°  if  another  base  mixed  with  it  has  previously  been  destroyed  by 
means  of  nitric  add.    (G r.  W  il  1  i  am  s.) 

3.  Gr.  Williams  mixes  the  n  aphtha  obtained  by  the  distillation  of  the  b  itu  m  inons 
eh  ale  of  Dorsetshire  with  sulpouric  add;  boils  with  water  until  all  the  tar  is  oon- 
rerted  into  resin,  and  all  the  pyrrol  is  removed ;  concentrates  the  liquid ;  neutnlises 
with  lime  or  potash,  and  distils ;  supersaturates  the  distillatq  with  hydrochloric  add ; 
removes  the  non-badc  oil ;  then  supersaturates  the  acid  liquid  with  Hme  or  potash, 
and  distils.  The  distiUate  is  fr«ed  from  ammonia  by  washing  with  strong  potash, 
dried  by  solid  hydrate  of  potash,  and  fractionally  distilled  until  liquids  of  constant 
boiling  ^ints  are  obtained.  The  small  portion  whidi  passes  over  between  182°  and 
138°  C.  is  lutidine  mixed  with  a  little  piooline  (from  the  mother-liquor  of  the  chloro- 
platinate  of  lutidine,  the  double  salt  of  picoline  is  obtained) ;  the  portion  obtained 
between  149°  and  166°,  and  between  177°  and  182°  is  pure  lutidine ;  and  that  which 
passes  over  between  227°  and  268°  is  collidine. — 4.  The  mixture  of  volatile  bases  ob- 
tained in  like  manner  from  coal-tar  oil  is  treated,  as  in  Anderson's  process,  with 
nitric  add,  and  subjected  to  repeated  fractional  distillation.  The  portion  which  distils 
between  160°  and  166°  C.  is  lutidine,  and  afterwards  a  small  quantity  of  collidine 
passes  over.    (Gr.  Williams.) 

Propertiet. — Collidine  is  a  colourless,  oily  liquid,  having  a  strongly  aromatic,  not 
unpleasant  odour.  Specific  gravity,  0-921 ;  boiling  point,  179°  C.  It  forms  while  fimes 
when  a  glass  rod  moistened  with  hydrochloric  acid  is  held  over  it.  It  is  insoluble  in 
water,  but  takes  ap  a  small  quantity  of  that  liquid,  which  it  gives  up  again  to  hydrate 
of  potassium.    It  dissolves  readily  m  alcohol,  ether,  and  ©/'..both  fixed  and  volattlei 

Collidine  dissolves  readily  in  acids,  but  doe«  not  ncntr<ilise  them.  It  does  not  pr** 
dpitate  the  salts  of  barium,  caldum,  magnesium,  manganese,  or  nickel,  but  throwi  down 


COLLmiC  ACID— COLLODION.  1083 

!ihiniina,  chromic  oxide,  oxide  of  zine^  feme  oxide,  and  mercnroiiB  oodde  finni  their 
•oltttions :  it  also  precipitates  nitrate  of  lead,  but  not  ttie  nentral  acetatCL   (Anderson.^ 

Chlaramercurate  of  CoUidim  ia  obtained  aa  a  white^  enrdy,  flaky  precipitate,  ana 
Afyatalliaea  from  hot  water  in  needles.  The  eklaroplatkuUet  2(G*H*>NjaCl).PtGl\  forma 
onuige-yellow  flMkes«    ( A  n  d  e  r  so  n.) 

Ethyl-eollidine,  C»«H>*N  =  (ra»«(C«H»)N.— The  hydiiodata  of  this  baae  is 
obtained  as  an  oiW  U^uid  by  heating  eolbdine  to  100^  G.  with  iodide  of  ediyL  On 
decomposing  it  with  mtrate  of  silver,  remoyinft  the  excess  of  sUrar  by  hydrochloric 
acid,  sAd  mixing  the  filtered  liquid  with  tetncUoride  of  platinum,  tba  chlaroplatituUe 
2(C>«H>*N.HCl).PtCl«  is  obtained,  as  a  flnely^Tided,  czystalline,  spuing^y  soluble 
pneipitate  (Anderson,  PhiL  Mag.  [4]  ix.  221). 

COXAZVXO  AOia.    CnELHy  -  ^^^  |  O.    (Frohde  [1860],  J.  pr.  Chem.  Ixxx. 

344). — ^An  acid  belong  to  the  aromatic  series  OH^-'O*,  found  amons  the  products  of 
the  oxidation  of  the  albuminoidal  substances,  and  of  gels^tin.  To  obtain  it,  tne  mixtnie 
of  acids  produced  by  oxi'diHing  gelatin  with  chromic  acid  is  saturated  with  carbonate 
of  sodium,  and  eyaporated  to  &vre  off  the  neutral  Tolatile  bodies ;  tiie  nearly  diy  salts 
are  decomposed  by  sulphuric  add ;  and  the  solid  add  therelrf  separated  is  filtered  and 
washed.  If  the  rendue  be  then  treated  with  a  small  quantity  of  boiling  water,  the 
greater  part  of  the  collinic  add  remains  in  fiiaed  reddish  mnanns  (about  0*96  grm. 
collinic  add  fiom  1  kilogrm.  gelatin),  while  the  other  adds,  espedally  the  beuoic  add, 
dissolve  completely,  together  with  a  small  portion  of  the  collinic  add.  By  reerjstal- 
lisation  from  water,  it  may  be  obtained  in  amall  crystals  having  a  prismatic  aspect. 

Collinie  add  has  a  sour,  pungent  taste ;  dissolves  sparingly  in  boiling  water,  easily 
in  ether.  When  heated  widi  water,  it  melts  at  97®  G,  and  then  solidifies  at  9d9  or 
94^ ;  in  the  dry  state^  it  does  not  melt  till  heated  somewhat  above  100®.  On  cooling. 
is  solidifies  to  a  waxy  mass  generally  having  a  radiate  textnrcL  At  a  hiffher  tem- 
penture,  it  sublimes.  When  set  on  fire,  it  bums  with  a  bright  but  smd^  flame. 
Boiled  with  carbonate  of  sodium,  it  yields  humoid  flakes.  Heated  with  hydrate  of 
potassium,  it  decomposes,  but  does  not  appear  to  yidd  any  volatile  adds. 

GoUinic  add  is  a  strong  add,  dissolving  in  caustic  alkaHs,  and  decomposing  car- 
bonates. It  forms  both  neutral  and  basie  salts.  The  silTer>salts  decompose  with 
fadlity. 

A  solution  of  eoBmaU  qf  ammonium  gives  off  ammonia  and  becomes  add  on  boiling; 
acid  vapours,  however,  escape  at  the  same  time.  The  barium  9alt,  G**!H*Ba*0^  +  aq., 
is  crystalline,  easily  soluble  in  water,  gives  off  water  of  crystalliaation  when  heated, 
melts  and  blackens  at  a  higher  temperature.  ThB  ferrie  §alt  is  a  light,  yellowish-red 
predpitate,  which  dissolves  with  blood-red  colour  on  addition  of  a  smafi  quantity  of 
add.  Hie  netUral  Hlversaltt  G*H*AgO*,  is  obtained  in  crystalline  scales  by  predpi- 
tating  the  ammonium-salt  with  nitrate  of  silver,  dissolving  the  predpitate  in  water, 
and  evaporating  over  oil  of  vitrioL  The  mother-liquor  when  evaporated  nves  off  add 
and  yields  grey  granules  of  a  bade  salt»  Ag'0.2C*H'AgO';  by  continued  heating  of 
the  solution,  the  silver-salt  is  reduced. 

An  add  isomeric,  if  not  identical  with  eoUinic  add,  is  moduced  by  oxidising  coal- 
tar  naphtha  with  dilnte  nitric  add  (Be  La  Bue  and  Muller,  Ghem.  Soc  Qu.  J,  xiv. 
64),  or  sulpho-bensolic  add  with  chromic  add.    (Ghurch,  iUd,  68.) 

OO&XiZWZO  AXABVnBa  Hydrids  o/eailvl. — ^This  compound  occurs,  accord- 
ing to  Frohde  (J.  pr.  Ghem.  Ixxx.  326^,  among  the  neutral  volatile  products  of  the 
oxidation  of  the  albumoTds,  and  of  gelatm ;  it  appears  to  have  been  previously  noticed 
by  Schlieper  and  Ouckdberger.  It  is  probably  C*HH)  (isomeric  with  phenie  add).  It 
has  not  yet,  however,  been  obtained  pure,  espedally  not  free  from  hydride  of  benxoyL 
It  is  a  colourless  visdd  oil,  smelline  somewhat  like  oil  of  dnnamon,  and  tuminff  yellow 
from  oxidation  when  exposed  to  the  air.  By  prolonged  boiling  with  potash-ky,  it  is 
converted  into  collinic  acid.  By  continued  contact  with  ammonia,  it  is  converted  into 
a  white  ciystalline  substance,  probably  the  homologue  of  h^rdrobenzamide. 

According  to  Schlieper  (Ann.  Gh.  Pharm.  lix.  22),  this  oil  having  the  odour  of 
dnnamon  is  converted  by  the  action  of  dry  chlorine,  with  elimination  of  hydrochloric 
add,  into  a  white  substance  which  is  insoluble  in  ether,  and  when  heated  with  potash- 
ley  forms  a  blood-red  volatile  oil ;  the  potasnum-salt,  on  addition  of  an  add,  emits 
the  odour  of  phenie  add. 

00&&OBSOar  (from  imAXm^,  fflutinous^  A  solution  of  p^xylin  (gun-cotton) 
in  ether.  The  solubility  of  this  substance  in  ether,  varies  oondderably  according  to 
the  mode  of  its  preparation ;  the  most  explosive  kinds  are  by  no  means  the  most 
soluble  (tee  Ptboxtlin).  The  best  mode  of  obtaining  pyroxylin  for  the  preparation 
of  collooion,  is  to  mix  16  pts.  of  nitrate  of  potasdum  with  12  pts.  of  common  and 
12  pts.  of  foming  oil  of  vitriol ;  immerse  in  this  mixture,  as  soon  as  it  is  made,  1  pt.  of 
cotton  wool,  stir  it  about  for  five  minutes,  and  then  wash  it  well  with  water. 
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To  |,repare  collodion,  pynnylin  obtained  in  the  manner  jost  described  is  shaken  np 
with  16  pts.  ether,  in  a  bottle  which  can  be  dosed.  1  or  2  pts.  of  absolute  alcohol  are 
added  after  a  while,  and  the  Teasel  shaken  at  interrals,  till  the  solution  is  complete. 
Lassaisne  ponrs  26  pts.  of  ether  on  1  pt  of  prroxjlin,  and  mixes  the  resulting 
jelly  with  18  pts.  more  of  ether.  According  to  other  methods,  1  pt.  of  pyroxylin  is 
treated  with  nom  20  to  120  pts.  of  ether,  and  from  4  to  16  pts.  of  sIcohoL  The  solu- 
tion obtained  by  either  of  these  methods  is  left  to  stand  till  the  nndiasolTed  parte 
hare  settled  down. 

Pyroxylin  is  said  also  to  be  rendered  perfectly  soluble  in  ether  by  moistening  it 
with  acetone. 

Collodion  is  a  clear  colourless  gummy  liquid,  insoluble  in  water  and  alcohol,  but 
soluble  in  ether ;  when  exposed  to  the  air,  it  soon  dries  up,  leaTing  a  transparent  or 
translucent  residue,  which  becomes  strongly  electric  by  friction,  explodes  less  easily 
bjr  heat,  pressure,  or  percussion  than  floeculent  pyroxylin,  and  is  soluble  in  ether  con- 
taining alcohol  and  in  strong  acetic  acid. 

When  the  ethereal  solution  is  suffered  to  evaporate  in  a  thin  film,  it  dries  up  quickly 
to  a  thin  transparent  membrane,  which  possesses  great  adhesiTeness,  is  tolerably  im- 
perrious  to  air,  and  is  not  dissolved  either  br  water  or  by  alcohol  These  propertiea 
render  collodion  reiy  usefbl  for  a  variety  of  purposes.  It  is  employed  with  great 
advantage  in  sorgeiy  to  form  an  air-tight  covering  for  wounds  and  burns;  when 
spread  over  an  incisea  wound,  it  greatly  promotes  the  healing  by  drawing  the  edges 
of  the  wound  together,  the  film  of  collodion  contracting  stro^y  as  the  ether  evapo- 
rates. As  the  collodion  film  is  rather  solid,  and  has  but  little  elasticity,  it  has  be«D 
recommended  to  melt  2  grms.  of  Venice  tnzpentine  with  2  grms.  castor  oil  and  2  Krma. 
of  white  wax,  mix  the  Aised  mass  with  6  grms.  of  ether,  and  add  the  wluMe  to 
140  grms.  of  collodion. 

Collodion  is  also  used  as  an  envelop  for  canstie  substances,  in  order  to  confine  their 
action  exactlv  to  the  desired  spot  Pills  may  be  coated  with  it,  so  as  to  render  them 
tasteless,  and  wood,  paper,  and  other  fobiics  may  be  rendered  water-proof  by  being 
covered  with  it 

Collodion  is  also  lazgelv  used  in  photography.  A  thin  layer  of  the  solution,  mixed 
with  iodide,  bromide,  or  ddoride  of  potassium,  or  ammonium,  is  spread  uniformly  over 
a  glass  plate,  then  treated  with  a  solution  of  nitrate  of  silver  to  form  the  sensitive 
film.  It  appears  to  be  eosential  to  use  anhydrous  ether  and  alcohol  for  the  solvent,  in 
order  to  insure  uniform  evaporation. 

Another  application  of  collodion  is  for  making  balloons.  For  this  purpose^  a 
solution  of  coUodion,  not  too  thick,  is  poured  into  a  flask  of  suitable  dimensions,  which 
is  turned  about  to  B^ead  the  liquid  uniformly  over  it,  and  then  inverted  to  dlow  the 
excess  to  run  out  The  ether  is  now  evaporated  fh>m  the  film  of  liquid  which  adheres 
to  the  gUss,  by  blowing  into  the  flask  with  a  pair  of  bellows,  whereby  the  collodion  is 
left  in  the  form  of  a  thin  membrane  on  the  siuface  of  the  glass.  To  remove  it,  the 
edges  of  the  film  are  loosened  from  the  glass,  a  elass  tube  of  suitable  character  is  in- 
serted into  the  neck  of  the  flask,  so  that  the  ballooa  may  adhere  to  it,  and  the  air  is 
slowly  drawn  out  with  the  mouth ;  the  balloon  then  detaches  itself  from  the  vessel, 
contracts,  and  is  eadly  withdrawn  throqgh  the  neck.  It  must  be  immediately  blown 
out  and  tied  at  the  nedc,  so  that  it  may  dry  in  the  distended  state.  Small  and  thin 
balloons  do  not  diminish  much  in  volume  as  they  dry ;  but  larger  ones  contract  stzonglv : 
tliis  contraction  may,  however,  be  prevented  by  diying  the  balloon  in  warm  air.  Collo- 
dion balloons  may  be  made  much  lighter  than  those  of  gold-beater's  skin,  so  that  mudi 
smaller  ones  wiU  rise  in  the  air  when  filled  with  detonating  gas  (2  vol  H  and  I  voL 
O).  They  may  be  made  so  thin  that  a  balloon  containing  100  cubic  oentimetrea 
shall  weigh  only  0*03  grms.  when  empty,  and  0*04  when  filled  with  hydrogen ;  now  the 
weight  of  an  eoual  volume  of  air  is  0*13  grms.,  consequently  such  a  balloon  will  rise 
rapidly  in  the  air.  Hydrc^en  difibses  quiddy  through  their  pores.  Collodion  balloons 
become  strongly  electric  hj  slight  friction ;  when  very  thin,  they  exhibit  beautiAil 
interflerence-colours.  (Handw.  a.  Chenu  ii  [2]  168). 

COI&T&v  BTSXXBB  OV.    See  Coixorio  Aldehtdb. 

COXi&'nZTB.  A  hydrated  silicate  of  aluminium,  2Al*0'.SiO*  +  lOaq.,  found  at 
Eaquerra  in  the  I^^renees,  near  Schemnits  in  Hungary,  and  near  Wessenfels  in  Saxonv. 
It  is  white,  very  soft,  earthy,  unctuous  to  the  touch,  adheres  strongly  to  the  tongue.  In 
water  it  becomes  transparent  and  crumbles  to  pieces :  it  dissolves  in  acids  and  the 
solution  yields  a  jelly  by  evaporation  (Om.  iii  411.) 

COXiOCmmnv.  A  bitter  substance  contained  in  the  pith  or  pulp  of  the  fridt 
of  Cucumia  ootocynihu  (bitter  apple),  a  plant  growing  wild  in  the  Grecian  Archipelago, 
also  in  Eg^t,  and  other  parts  of  North-eastern  A&ica.  It  has  been  examined  hy 
Vauquelin  (J.  Phys.  Ixuiv.  838),  Braconnot  (J.  Phann.  z.  416)|  Hcrbergec 
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{Bttehnef^a  Brpert.  txxt.  368),  Bastick  (Fharm.  J.  Trans,  x.  S89),  and  lastly  hy 
Wals  (Azeh.  Pharm.  xcri.  241 ;  zcix.  338),  who  regarda  it  as  a  glnooside  »  C'«H**0»'. 

It  is  prepared  from  the  palp  of  the  fruit  separated  from  the  seeds.  Yanqnelin  ex- 
hansted  the  pnlp  with  cold  water,  and  evaporated  the  extract,  the  colocynthin  then 
Bepanting  in  oilj  drops,  which  solidified  on  eooUng.  Lebonrdais  (Ann.  Ch.  Phys. 
[3  J  xxiv.  68)  precipitates  the  aqueous  extract  with  neutral  acetate  of  lead,  and  treats 
the  filtered  liquid  with  animal  charcoal,  which  ti^es  up  both  the  colouring  matter  and 
the  bitter  principle.  The  charcoal  is  then  washed  with  water.  As  long  as  the  liquid 
which  runs  through  it  acquires  a  bitter  taste,  nothing  but  pure  colocynthin  is  dissolved ; 
and  on  a^in  precipitating  it  with  animal  charcoal,  boiling  the  charcoal  with  alcohol, 
and  leaTing  the  solution  to  eraporate,  the  colocynthin  separates  in  small  warty 
groups.  Walz  exhausts  the  fruit  with  alcohol  of  0*840 ;  evaporates ;  dissolves  the 
extract  in  water ;  precipitates  the  filtrate  with  neutral  and  with  basic  acetate  of  lead ; 
removes  the  lead  from  the  filtered  liquid  by  sulphuretted  hydrogen ;  and  precipitates 
the  colocrnthin  by  tannic  acid.  The  precipitate,  which  becomes  resinous  on  heating 
the  liquid,  is  dissolved  in  alcohol ;  the  tannic  acid  is  precipitated  with  basic  acetate  en 
lead;  the  filtrate,  freed  from  leaid,  is  heated  with  animal  charcoal;  the  liquid  is 
again  filtered  and  evaporated ;  and  the  diy  residue  exhauiited  with  ether,  which  leaves 
the  colocynthin  undissolved. 

Colocynthin  is  intensely  bitter,  and  acts  as  a  drastic  purgative.    It  is  soluble  in  . 
water,  alcohol,  and  ether.     The  aqueous  solution  is  precipitated  by  chlorine ;  it  also 
yields,  with  adds  and  with  deliquescent  salts,  a  viscous  precipitate  insoluble  in  water. 
The  solution  is  also  precipitated  by  acetate  of  lead  and  many  other  metallic  salts. 

Colocynthin  boiled  with  acids  is  resolved,  according  to  Walz,  into  sugar  (7*7  per 
cent)  and  colocynthein,  C^H*^0",  which  remains  as  a  resinous  mass,  and  may  be 
purified  by  washing  with  water,  solution  in  absolute  ether,  and  evaporation. 

OOXOCmrrxxrar.  A  body  contained,  according  to  Walz  (N.  Jahrb.  Pharm. 
ix.  225),  in  the  alcoholic  extract  of  bitter  apple  (see  Cvcuiczs).  When  this  extract  in 
tn^nted  with  water,  colocynthitin  remains  undissolved ;  and  on  treating  this  residue 
with  ether,  digesting  the  solution  with  animal  charcoal,  evaporating  the  filtrate, 
exhausting  with  hot  absolute  alcohol,  and  leaving  the  filtered  liquid  to  cool,  colo- 
cynthitin separates  in  white  microscopic  crystals.    It  is  soluble  in  ether. 

CO&OHKBXC  ACZB.  An  acid  obtained  by  Bodecker  (Ann.  Ch.  Pharm.  Ixix. 
47),  from  colomlK>-root,  the  root  of  Menispermumpalfnatum^  L.,  Cocctduapahnatis,  Dec 
To  prepare  it,  the  alcoholic  extract  of  the  root  is  exhausted  with  water  or  lime-water, 
and  the  solution  treated  with  hydrochloric  acid.  Colombic  add  is  then  precipitated  in 
white  amorphous  fiakes,  which  are  stronglv  add,  nearly  insoluble  in  cold  water,  veiy 
soluble  in  alcohol,  sparingly  soluble  in  cola  ether.  By  the  evaporation  of  its  alcoholic 
solution,  it  is  obtained  in  the  form  of  a  yellow  varnish. 

The  alcoholic  solution  of  colombic  add  is  not  predpitated  by  acetate  of  copper,  but 
yields  with  neutral  acetate  of  lead  a  copious  white  predpitate,  which,  when  dried  at 
130°  C.  contains  30*53  per  cent,  leaa  oxide,  agreeing  nearly  with  the  formula 
3Pb0.2C«H**0".     Dried  at  100°  C,  it  contains  in  addition  6H«0. 

The  acid  itself;  dried  at  115°  C,  gave  by  analysis  66*64  per  cent  C,  and  6*29  H, 
agreeing  nearly  with  the  formula  C*»H*«0",  or  C*«H**0".H*0. 

OO&OMBXV.  Colomho  Bitter,  C**H"Of.  (Wittstock  [1880],  Pogg.  Ann. 
xix.  298. — ^Liebig,  ibid,  xxi.  30. — ^Bodecker,  Ann.  Ch.  Pharm.  Ixix.  89.>— A  neutral 
substance  which  constitutes  the  active  prindple  of  Colombo  root  Bodeexer  prepares 
it  by  exhausting  the  root  with  alcohol  of  75  per  cent.,  drying  the  extract  as  completely 
as  possible,  dissolving  it  in  water,  agitating  the  solution  several  times  with  an  equal 
volume  of  ether,  decanting  the  ethereal  liquid  with  a  nphon,  filtering,  and  evaporating 
off  the  preater  part  of  the  ether.  The  oolombin  then  crystallises  out»  and  is  purified 
by  rinsing  it  with  cold  ether,  pressing  it  between  bibulous  paper,  dissolving  it  in  boil* 
ing  absolute  ^rhec,  and  concentrating  the  solution  to  one-fourth  of  its  bulk.  The 
greater  part  of  the  colombin  then  sepuates  out  ^uite  white,  the  rest  remaining  dissolved 
in  the  ether,  together  with  the  fat  contained  in  the  root,  To  f^  the  colombin  en- 
tirely from  fat,  it  must  be  repeatedly  crystallised  from  ether;  when  quite  pure  it  will 
dissolve  in  acetic  acid  without  separation  of  oil-drops. 

Colombin  oystallises  in  colourless  prisms  belonging  tp  the  trimetrie  system.  Ob- 
served combination,  oo  P  .  oel*  oo  .  oo  ^  oo .  ]^  oo.  Inclinations  of  the  faces,  od  P  :  odP*. 
125°  80':  •P:ool»oo  -  152°45'j  odPto)  too-  117°15';  I^oo:  P  oo  -  176°  19^; 
PooiooPoo  «  128°  89*5';  aoP:Poo  -  119°  31'.  The  fkces  are  brilliant,  but  the 
crjrstals  do  not  deave  in  any  direction  (G.  Rose,  Pogg.  Ann.  xix.  441).  Colombin 
is  inodorous,  veiy  bitter,  and  perfectly  neutral  to  vegetable  colours.  It  mdts  at  a 
gentle  heat  It  dissolves  but  sparingly  in  cold  water,  alcohol,  and  ether,  but  imparts  to 
them  a  strong  bitter  taste.    Boiling  alcohol  of  specific  gravity  0*835  dissolves  from  {^ 
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to  ^  of  its  weight  of  oolombin.  It  diMolves  to  a  nnall  amoimt  in  yoUtfle  oila,  and 
more  freely  in  potash,  whence  it  is  precipitated  by  adds  in  its  oiigmal  state.  Acetic 
acid  dissolves  it  and  deposits  it  in  the  crystalline  state  on  evaporation.  Strong  snl> 
phuric  add  dissolTes  it  with  orange  colour,  gradoall^  changing  to  deep  red,  and  on 
adding  water  to  the  solution,  brown  flakes  are  deposit^'d.  Solutions  of  oolombin  ar« 
not  predpitated  by  any  metallic  salts  or  by  tincture  of  galls. 

Colombin  yields^  according  to  the  mean  of  Bodecker^s  analyses,  66*20  per  cent  C  and 
^'98  H,  the  above  fbrmula  requiring  66*3  C,  5*7  H,  and  20*0  0.  It  does  not  form  any 
definite  compound,  so  that  its  atomic  weight  cannot  be  determined. 

OOXiOHSO  BOOT*  The  root  of  CooetduM  palmatys.  Dee.,  contains  oolombin, 
berberine,  colombic  add  (probably  as  colombate  <^  berbeiine),  beddes  starch,  oolrmr- 
iug  matter,  &e.  The  colombic  add  and  berberine  may  perhaps  be  fonned  fit>m  oo* 
lombin  bj  addition  of  the  dements  of  ammonia  (Bo decker) : 

iCF»BPO\  +  2NH«  -  2CJ"H«^0»  +  C««H««0*»  +  OTK). 
Oolombin. '  BerterlM.  ColomMe 

add. 

The  root  sets  with  violence  on  the  animal  organism ;  a  grain  of  the  dir  estnct  pre- 
pared with  ether  and  freed  by  water  from  &t  and  waa[,  killed  a  rabbit  when  intro- 
duced into  a  wound.  This  active  property  appears  to  be  dne  to  the  oolombin. 
(Bnchner.) 

COJMWMJkMMm  A  constituent  of  icica  resin  (q.if.),  containing,  aeoording  to 
Scribe  (Gompt  rend.  xiz.  129),  CH'*0'.  It  is  yellow,  amorphous,  easily  soluble  in 
alcohol,  mdts  above  100®  C,  is  insoluble  in  aqueous  alkalis,  and  reacts  nevtraL 

CO&OMBVB.  C»H«  or  C^H^,  (H.  Deville,  Ann.  Ch.  Phys.  [2]  Ixxv.  66; 
[3]  zxviL  85.) — ^A  hydrocarbon  polymeric  with  oil  of  turpentine,  obtained  by  «^wt»l]it»g 
that  oil  with  strone  sulphuric  acid,  or  by  distilling  hydrate  of  turpentine-oil  with 
phosphoric  anhydride.  In  either  case,  terebene  (€'*&')  passes  over  first ;  aflerlrazda* 
when  the  heat  rises  above  210®  C.  colophene  distils ;  it  is  purified  from  sulphur  and  « 
substance  resembling  colophony  by  repeated  rectification,  at  last  over  antunonide  of 
potassium.  It  may  also  be  obtained  by  the  rapid  distillation  of  colophony,  tli« 
product  bdng  purified  in  like  manner. 

Colophene  is  an  aromatic  oil,  oolouriess  by  transmitted  light,  and  ezhibitijig  by 
reflected  light  a  dark  indigo-blue  iridescence.  Specific  gravity,  0*940  at  9®C.,  0*9394 
at  25®.  Boiling  point  between  310®  and  315®.  Vapour-dendty  »  11*13  (probably 
only  twice  as  great  as  that  of  oil  of  turpentine,  toerefore  «  9*526).  Befracting 
power  »  1-517  (Becquerel  and  Cahours),  1*5212  (Deville).  It  has  no  action  oo 
pohizised  light. 

Colophene  absorbs  chlorine  gat  without  evolution  of  hydrochloric  add,  beoomiog 
hot,  and  changing  to  a  resin  like  colophony,  which  separatee  in  vellow  spherules  from 
its  solution  in  a&lute  alcohol  I^  when  the  absorption  of  chlorine  has  ceased,  the 
product  be  heated  to  fruion  in  the  stream  of  chlorine,  a  Usge  quantity  of  hvdrcv 
chloric  add  is  evolved,  and  Deville's  ehloroeolophens  ^  C"H*'C1'  ii  formed,  which  bow« 
ever  still  contains  a  resin  removable  by  alcohol,  and  when  distilled,  gives  oiiFbydrc> 
chloric  add,  yields  a  distillate  of  cdophene  and  hydrochlomte  of  colophene,  and  leave* 
charcoal. 

HydroeJdoroU  of  Colophene. — Colophene  absorbs  hydrochloric  add  gss^  with  rise  of 
temperature,  and  acquires  an  indigo-colour.  The  hydrochlorate  gives  up  neariv  all 
its  hydrochloric  add  when  treated  with  chalk,  and  when  distilled  with  baryta,  yields 
Devme's  colopkilene  «  C^'H",  which  does  not  exhibit  the  dichroism  of  colo^ene, 
and  has  a  refracting  power  for  light -t  1*5 175.  (Deville,  Becquerel,  and  Cahours, 
Pogg.  Ann.  IL  427-433.) 

Colophene  from  Camphor.  (Claus,  J.  pr.  Chem.  zzv.  266. — ^When  camphor  is 
distilled  with  an  equal  weight  of  iodine,  hydriodic  add  is  evolved,  camphin  passes  ovei 
at  180^  C,  and  duuraoal,  iodine,  campho-creosote  and  colophene  remain  behind  (L  728^ 
On  increasing  the  heat,  the  two  latter  substancea  distil  over  as  a  bluish-grecii  oO, 
which  is  deprived  of  its  creosote  odour  by  agitation  with  potash,  but  cannot  be  ob- 
tained quite  pure,  even  by  distillation  over  lime  and  finall^r  over  potasdum. 

It  is  a  thick,  yellowish  oil,  with  violet  iridescence,  haring  a  hiffh  boiling  point  a 
mild  taste,  and  an  odour  of  violets,  and  burning  with  a  bright  fhliginoas  flames  It  is 
perh^  i^tical  with  colophene  from  oil  of  turpentine  or  from  colophony. 

It  IS  not  soluUe  in  wator  or  in  weak  alcoholt  but  dissolves  in  ether,  oU  rf  turpentine^ 
rock-oU,  and  camphine.  When  2  drops  of  it  are  dissolved  in  2  drachms  of  sloobol, 
the  solution,  after  agitation  with  animal  charcoal,  exhibits  a  fine  daric  blue  ooloar 
by  reflected  light 

CO&OVBIUnrm     The  hydrocarbon  C**H"  obtained  from  DeviUe'a  bydio» 

chlorate  oi  colophene  (frid,  enp.) 
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OOSbOmO&IO  JLCTD  of  UnTexdarben ;  y-renn  of  Ckdopkony  of  Benelitu.  The 
eoiuititaent  of  eolophoo j  which  ia  least  soluble  in  alcohol,  and  is  produced  by  the 
•etion  of  heat  on  pmic  acid.  It  is  therefore  present  in  colophony  in  variable  quantity, 
Moordiag  as  that  sabstance  has  been  more  or  less  heated  during  fusion;  the  darker 
Tarieties  eontais  about  one-tenth.  Colopholic  acid  is  said  to  be  likewise  produeed 
iHien  pinic  add  is  distilled  till  a  third  of  it  has  passed  over. 

Golopholie  acid  is  brown,  sparingly  soluble  in  alcohol  of  67  per  cent,  more  readily 
in  presence  of  pink  acid.  It  has  a  stronger  affinity  for  bases  uum  pinic  acid ;  never- 
Chdess  the  oolopholates  exactly  resemUe  the  pi&ates. 

(90&^VSC9riO  ACIBB.  The  resinous  aeids,  pinic,  pimaric,  sylvic  and  oolo- 
pholie,  which  are  present  in  colophony. 

OOSiOVBOVXTai  A  variety  of  garnet^  so  called  from  its  brown  colour,  resinoos 
lustre,  and  easy  ftunbilxty.    (See  GAJunr.) 

COabOVBOVOra.  C"H»0.(Schiel,  Ann.  Ch.Pharm.  crv.  96).— An  oil  occurring 
among  the  more  volatile  products  of  the  dry  distillation  of  colophony ;  it  is  separated 
by  fractional  distillation.  It  is  colourless,  mobile,  highly  refractive,  of  specific  gravity 
0*ft4,  boils  at  97^  C;  vapour-density  about -5'!.  When  heated  above  its  boiling  point 
in  a  dose  vessel,  it  turns  brown,  and  emits  an  odour  of  peppermint.  It  mixes  with 
svlphurie  acid,  and  on  addition  of  water,  a  green  oil  separates,  having  an  odour  of 
thyme  and  rosemary.  Hydrochloric  add  acts  in  like  manner ;  nitric  a^id  converts  it 
iato  a  resin.  With  potassium,  it  gives  off  gas,  and  is  converted  into  a  brown  mass, 
subsequently  tunuag  yellow. 

OOXiOVBOVT.  Boiin,  Cclophoniufn,  Colopkane^  Arcamon,  Brai  aw,  GeigenkarM, 
*-The  resinous  substaaee  which  remains  when  turpentine  or  pine-resin  is  heated  till 
the  wtfter  and  volatile  oil  are  expelled.  It  is  for  the  most  part  a  mixture  of  several 
resinous  adds,  vis.,  pinic  add  (the  o-resin  of  Beixelius),  which  forms  the  prindpal 
parti  sylvie  acid  (^resin),  and  oolopholic  add  (T-resin),  sometimes  also  pimaric  aad. 
These  adds,  wiiich  are  mixed  in  various  proportions,  are  all  isomeric,  their  common 
fennula  being  C^H**0'  or  C^^O^,  Taej  are  perhaps  formed  by  oxidation  of  tur- 
pentine eil: 

2C»«H»«  +  0«  -  C»H«K)«  -f  HK). 

Cofophony  is  dther  pale  yellow  and  transparent  (C  tdbum)  or  brownish-yellow  and 
trandaeent  (€,  commmu),  according  to  the  degree  of  heut  to  which  it  has  been  ex- 
posed. By  distillation  with  steam  under  a  pressure  of  about  ten  atmospheres,  it  may 
be  obtained  very  nearly  colourless  (Hunt  and  PochifCi  Patent^  1858,  No.  925).  It 
has  a  vitxeous  lustre,  is  brittle  in  the  cold,  has  a  concho'idal  fracture,  and  vidds  a 
yellowish  powdec.  Its  specific  gravity  varies  from  1*07  to  1*08.  It  is  insoluble  in 
>ratei^  but  diasdlves  easily  in  alcohol,  ether,  wood-spirit,  and  oils  both  fixed  and 
Tolatile.  Bock-oil  dissolves  only  a  portion  of  it ;  the  undissolved  part  is  said  to  be 
identical  with  pinic  add  altered  by  the  action  of  the  air.  Nitric  acid  dissolves  and 
decomposes  it  at  the  same  time. 

Colophony,  beine  a  mixture  of  adds,  unites  with  b:tses.  The  compounds  which  it 
forms  with  the  alkaUa  are  soaps  soluble  in  water.  It  is  easily  saponified  dther  bj^ 
eaairtae  alkalis  or  by  their  carbonates. 

Colophony  softens  at  69^  or  70®  C.  and  melts  at  136®.  At  a  higher  temperature 
it  gives  off  volatile  oils,  acquiring  a  darker  colour,  and  yields  colophouc  add. 
When  qni^y  heated  ia  a  retort,  it  distils  partly  undecomposed,  partly  resolved  iutc 
gases,  volatile  oils,  visL  DeviUe's  terebene  and  oolophene,  and  perhaps  other  hydro* 
caibOTS,  finally  gelding  visdd  oils,  with  a  small  residue  of  carbonaceous  matter.  When 
the  distillation  is  performed  on  the  large  scale  in  cast  iron  retorts,  the  gases  evolved  in 
the  first  half  of  the  distillation  contain,  beddes  the  constituents  of  the  air,  16  per 
cent,  carbonic  anhydride^  1I'6  carbonic  oxide,  6-9  ethylene  and  tetiylene ;  at  a  higher 
temperature,  the  oxygen  disappears,  the  proportion  of  carbonic  anhydride  increases, 
and  Isstly  a  small  quantity  of  marsh-gas  is  formed.  The  first  portion  of  the  liquid 
distillate  is  a  yellow,  mobile,  strong-smelliDg  liquid,  known  in  commerce  as  tsatnce  of 
rosin  {ffive  essmoe,  Hargeuenz) ;  it  yields  by  fractional  distillation,  first  colophonone 
{q,  v.\  and  afterwazds  an  optically  indifferent  camphene(i.  724),  boiling  at  160®  C, 
having  the  odour  and  other  properties  of  oil  of  turpentine,  and  perhaps  identical  with 
Deville*s  terebene.  At  a  later  atw  of  the  dry  distillation,  a  visdd  fiuorescent  oil 
passes  over,  called  rMtn-otf  or  partiffine-^n^  which,  after  being  treated  with  quick-lime, 
corresponds  in  oompoeition  to  the  formula  C'H^.  After  rectification,  it  no  longer  ex- 
hibits fiuorescence,  and  if  again  treated  with  lime,  gives  the  formula  C^H^  (Schiel, 
Ann.  Ch.  Pharm.  cxv.  96).  At  a  red  heat,  colophony  yields  a  mixture  of  gases  burning 
with  a  very  bright  flame,  which  it  has  been  attempted,  though  without  much  success, 
to  ufie  a-s  an  illuminating  gas. 
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Colophony  is  eztensiTely  used  in  making  ▼amishM  and  eementa,  in  the  cutuking  of 
Bhips,  in  the  preparation  it  pUuiten  and  ointments,  and  aa  a  reducing  agent  in  the 
ioldering  of  metals.  Lazge  qoantities  an  consumed  in  the  mannfiStnrB  of  yellov 
soap.  A  well  known  use  of  it  is  for  oovering  the  bows  of  yiolina,  to  prerent  the  bow 
from  slippinp^  over  the  strings  without  prodncine  vibration.  Of  the  products  obtained 
b^  the  dry  distillation  of  colophony,  the  more  Tolatile  oil  is  used  in  place  of  turpentine  • 
oil,  the  more  viscid  zosin-oil  for  soap-making,  and  for  kifaricating  cartwheel^  &c. 
(Handw.  d.  Chenu  i  [3]  160.) 

CO&OXXnKjnTBB.  An  instrument  for  measuring  the  depth  of  colour  in  a  liquid 
b^  comparison  with  a  standard  liquid  of  the  same  tint.  The  comparison  is  misde 
either  by  varying  the  depth  of  the  stratum  of  liquid  under  examination  till  it  exhibits 
Che  same  intensity  of  colour  as  the  normal  liquid,  and  then  measuriiw  the  depth  of 
the  stratum, — or  by  diluting  the  strongerHX)loured  liquid  with  water,  tm  equal  eolumns 
of  the  two  exhibit  the  same  depth  of  colour. 

CO&OSZM.  A  colouring  matter  obtained  by  Bobiquet  and  Colin  from  madder, 
since  shown  to  be  impure  alizarin. 

OOJbOSTMU  ML  The  milk  of  mammalia  accreted  in  the  first  few  days  after  partu- 
rition,  before  the  access  of  milk-fever.  It  is  distinguished  from  ordinanr  milk  by  con- 
taining a  larger  amount  of  fwlid  constituents,  also  a  laiger  proportion  of  ut)  raiiein,  and 
milk-sugar.    (See  Mhjl) 

OOlAMJnu  (See  Light). — A  table  of  oil  painters'  colours,  with  notices  ct  tiieir 
chemical  and  artist ical  quauties,  drawn  up  by  W.  Linton,  is^ven  in  Ur^t  Didumaty 
of  Arttf  MaiMifaetufrtM^  and  MineSt  voL  i  p.  803 ;  see  also  ^^imie  des  Ondeun  pour 
la  Pdnture  a  FEau  et  a  FHuiU,  par.  J.  Lefort  12mo.  Paris,  1865. 

COXiOmunrO  MATTSXS.  This  term  is  usually  restricted  to  colonred  com- 
pounds of  vegetable  or  animal  origin,  sometimes  more  especially  to  such  as  exist 
ready  formed  in  the  bodies  of  plants  and  animals,  or  are  easily  formed  from  them  by 
natural  processes,  such  as  oxidation  or  fermentation.  Accordingly,  it  would  be  appliH 
to  such  bodies  as  indigo,  Indian  yellow,  end  carmine,  rather  than  to  oompounos  like 
aniline-purple  or  murexide,  which  are  formed  by  complicated  artificial  proceases.  Thi" 
restriction  of  the  term  must  not,  however,  be  regarded  as  absolute^  since  many  artificial 
organic  coloured  compounds  resemble  tiie  natural  colouring  matters  in  their  mo^t 
essentid  properties,  especially  in  those  which  render  them  available  as  dyes. 

Colouring  matters  occur  in  all  the  organs  of  plants  and  animals.  Many  are  obtained 
from  roots,  as  alkanet,  turmeric,  madder,  &c. ;  from  the  stems,  as  from  sandal-woo*!, 
log-wood.  Brazil-wood,  &c. :  leaves,  flowers,  fruits,  and  seeds  sre  also  rich  in  colouring 
matters.  Of  some  insects,  as  the  cochineal-insect,  the  entire  substance  is  uaed  a^  a 
dye ;  certain  liquids  of  tlie  animal  organism,  as  the  blood  and  bile,  are  also  strongly 
coloured.  Colouring  matters  rarely  exist  either  in  plants  or  animals  in  the  separate 
state ;  indeed  their  separation  is  often  a  matter  of  considerable  difficulty.  Many  do  not 
exist  readj  formed  in  plants,  but  are  produced  from  originally  colourless  compounds 
by  oxidation  or  fermentation ;  in  some  instances,  also,  by  the  action  of  oxygen  in  pre- 
sence of  alkalis. 

Colouring  matters  are  for  the  most  part  either  red,  yellow,  or  blue,  the  last  being 
the  least  numerous.  Only  one  green  colouring  matter  occurs  in  nature,  namely,  the 
chlorophyll  of  leaves. 

Colouring  matters  have  generally  a  sacchsrine  and  somewhat  harsh  taste ;  they  are 
inodorous,  some  of  them,  as  indigotin  and  alizarin,  crystallise  readily;  others  are  of  a 
resinous  character.  Many  are  volatile,  as  alizarin ;  but  they  must  always  be  distilled 
with  caution,  as  a  heat  of  160^  C.  is  often  sufficient  to  decompose  thorn. 

All  colouring  matters  are  affected  by  light,  mostiv  absorbinff  oxygen  under  its  ia- 
(luence,  and  homing  more  or  less  decolorised.  The  green  cdour  n  ehlorophyll  oo 
the  contrarv  requires  the  presence  of  li^t  for  its  developmenl 

Many  colouring  matters  are  soluble  in  water,  others  only  in  alcohol,  ether,  or  vola- 
tile oils ;  in  some  cases,  the  presence  of  an  acid  facilitates  the  solution,  although  th« 
colouring  matter  may  not  actnially  possess  basic  properties,  €.^.  h»matoein,  indigotin, 
alizimn,  purpurin ;  others  on  the  contrary,  as  carthamin  and  santalis,  dissolve  rndily 
in  alxalis. 

The  tint  of  colouring  matters  is  modified  in  various  degrees,  and  sometimeB  com- 
pletely destroyed,  by  chemical  reagents.  The  alkalis  turn  the  naturally  red  ooloiar  ol 
litmus  to  blue,  many  vegetable  blue  colours  to  green,  and  the  ydlnw  of  rhubarb  or 
turmeric  to  brown.  The  alkaline  compounds  of  alizarin  are  of  a  ri^  ritAtft  coloar, 
though  alizarin  itself  is  reddish  yellow.  All  colouring  matters  are  decomposed  by 
concentrated  alkalis. 

Many  metallic  oxides,  e.g.  alumina  and  oxide  of  tin,  form  chemical  compounds  with 
ooiouriiig  matters.   Such  compounds  are  called  lakes.    Many  salts  also,  r«peeiaJly  thoM 
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of  aluminiam,  iron,  and  tin,  act  npon  colouring  matteni  bo  as  to  form  oomponnds  by 
meana  of  which  the  colouring  matter  ia  fixed  upon  organic  tissues ;  such  substanees 
are  called  mordants. 

Porous  substances,  especially  animal  charcoal,  absorb  oolouxing  matters  without 
decomposing  them ;  thus,  if  an  infusion  of  l(^;wood  be  decolorised  by  filtration 
through  animal  charcoal,  the  colouring  matter  may  be  recovered  by  treating  the  char- 
coal with  a  weak  alkaline  ley. 

All  organic  colouring  matters  are  destroyed  by  chlorine  in  presence  of  water,  the 
action  consisting,  in  most  cases,  of  a  direct  oxidation  of  the  colouring  matter,  by 
oxygen  set  free  by  the  decomposition  of  water.  Sometimes,  however,  the  chlorine 
takes  hydrogen  from  the  colouring  matter  itself  and  partly  replaces  iL 

Oxygen  in  the  nsscent  state  Ukewise  acts  as  a  decolorising  agent,  when  derived 
from  other  sources ;  thus,  peroxide  of  hydrogen  quickly  destroys  the  colour  of  organic 
bodies,  and  indigo  is  bleacned  by  nitrons  acid. 

8ul2>hnrous  acid  decomposes  and  bleaches  many  colouring  matters,  sometimes  by 
abstracting  oxygen,  sometimes  by  uniting  with  the  colouring  matter  and  forming  a 
colourless  compound.  It  is  a  valuable  bleaching  agent  in  many  cases,  especially  for 
silk  and  wool,  bcc&use  it  destroys  the  colouring  matter  without  acting  on  the  tissue, 
whereas  chlorine  would  act  very  ii^urionsly  upon  it  Fruit  stains  are  easily  removed 
from  linen  by  washing  with  a  weak  solution  of  sulphurous  acid,  or  by  holding  the 
moistened  cloth  ever  burning  sulphur ;  care  must  be  taken,  however,  to  wash  it  well 
afterwards,  or  the  sulphuric  acid  produced  in  the  reaction  will  destroy  the  fibre. 

Many  reducing  agents,  such  as  nascent  hydrogen,  sulphydric  acid,  alkaline  sul- 
phides, ferrous  s^ts,  Stc^  decolorise  colouring  matters  in  sucn  a  manner  tiiat  the  colour 
u  restored  by  mere  exposure  to  the  air;  thus,  blue  indigo  is  converted  into  white 
indigo  by  the  action  of  these  bodies,  but  recovers  its  blue  colour  by  atmospheric  oxi- 
dation. The  action  consists  either  in  a  direct  deoxidation  of  the  colouring  matter,  or 
in  a  combination  of  the  colouring  matter  with  hydrogen  derived  from  the  decomposi- 
tion of  water.  Thus  white  indigo,  CH'NO,  is  formed  from  blue  indigo,  C'H^NO,  by 
addition  of  1  at  hydrogen.  (  TVati^  de  Chimie  gkiUrale^  par  Pdouee  et  Frimy,  2"*  ed. 
T  492;  Ur^s  DkHonaiy  of  Arts,  Manufactures,  and  Mints,  i.  806.) 

See  NioBiTB. 


or  VZOBZiras.  A  metal  originally  discovered  in  oolumbite  from 
Massachusetts,  and  since  nhown  to  exist  in  the  tantalite  (or  rather  columbite)  of  Boden- 
roais  in  Bavaria,  also  in  Samarskite,  pyrochlore,  wohlerite,  euxenite,  and  a  variety  of 
pitchblende  from  Satersdalen  in  Norway.  It  was  discovered  by  Hatch ett  in  1801. 
wollaston  erroneously  supposed  it  t.o  be  identical  with  tantalum,  the  metal  discovered  a 
short  time  afterwards  by  Ekeberg  in  Finland  tantalite.  This  opinion  was  long  received 
as  correct^  and  oolumbium  is  even  now  spoken  of  in  most  Manuals  of  Chemistry  as 
identical  with  tantalum ;  but  the  researches  of  H.  Bose  have  shown  that  this  supposed 
identity  does  not  exist  In  short,  columbium  is  identical,  not  with  tantalum,  but  with 
Hose's  niobium  {q,  v») 

COMBV8TZOV*  This  term  properly  denotes  the  development  of  light  and  heat 
accompanjring  chemical  combination.  It  is  sometimes  used  as  synonymous  with  in- 
fiammation,  which,  however,  is  better  restricted  to  those  cases  of  combustion  in  which 
the  products  are  gaseous,  in  other  words,  in  which  fiame  is  produced.  Ignition  is  the 
incandeiicence  of  a  body  produced  by  extrinsic  means,  without  change  of  its  chemical 
constitution. 

The  earlier  chemists,  feeling  daily  the  necessity  of  fire  to  human  existence,  and 
astonished  at  the  changes  which  this  power  seemed  to  produce  in  charcoal,  sulphur, 
the  metals,  and  other  bodies,  regarded  combustion  as  the  grand  and  essential  pheno- 
menon of  chemistry.  At  the  beginning  of  the  eighteenth  century,  S  t  a  h  1,  of  Prussia,  by 
applying  the  views  of  Albertus  Magnus  and  Becher  respecting  combustion  to  the  whole 
coUeetion  of  facts  discovered  by  himself  and  others,  and  uniting  them  into  a  connected 
whole,  laid  the  foundation  of  the  first  system  of  chemistir.  This  system  received  the 
name  of  the  "Phlogistic  Theory,"  because  Stahl  assumed  that  all  combustible  bodies 
contain  one  and  the  same  principle  of  combustion  called  Phlogiston^  the  escape  of  this 
substance  from  a  heated  combustible  body  l>eing  supposed  to  produce  the  phenomenon 
of  combustion  or  fire,  and  its  addition  to  h  burnt  body  to  restore  the  combustibility  of 
that  body :  thus,  phosphorus  was  regarded  as  a  compound  of  phlogiston  and  phosphoric 
aind ;  lead  of  phlogiston  and  lead-earth  or  calx  of  lead,  the  substance  now  called  oxide  . 
of  lead.  When  a  caJx  or  earth  was  reduced  to  the  metallic  state  by  heating  it  with 
charcoal  (a  body  rich  in  phlogiston),  it  was  supposed  that  the  burnt  body  to<^  phlo- 
giston from  the  charcoal,  and  was  thus  restored  to  the  combustible  state. 

An  obvious  defect  of  the  phlogistic  theory  was  that  it  took  no  account  of  the  essen- 
tial part  which  the  air  plays  in  all  ordinary  cases  of  combustion,  a  fact  sugge&ted  by 
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eominoii  experience,  and  fblly  demonstrated  by  the  diaeorerieB  of  Sebeele,  CaTendith, 
And  Prientley.  MoreoTer  it  had  long  been  known  that  many  eombnstible  bodiea*  tha 
metals  for  example,  do  not  lose,  but  gain  weight  when  bnmt ;  and  toiwazdi  the  end  of 
the  eighteenth  century  Lavoisier  showed,  by  ecEperiments  on  oombostion,  made  with  a 
degree  of  accuracy  in  the  determination  of  weights  and  volumes,  quite  unknown  beforo 
his  time,  that  whenever  a  body  bums  in  the  air  or  in  oxygen  gas^  the  axjgen  enten 
into  combination  with  the  burning  body,  and  the  weight  of  the  product  is  exactly 
equal  to  the  sum  of  the  weights  of  the  combustible  body  burnt  and  of  the  oxygen  con* 
sumed.  It  was  also  shown  that^  in  the  reduction  of  a  metal  from  its  calx  (or  oxide)  by 
charcoal,  the  latter  body  takes  oxygen  from  the  calx  and  leaves  the  metal  in  the  free 
state.  In  short,  wherever  the  phlogistic  theozy  supposed  that  phlogiston  waa  remored 
from  a  body,  Lavoisier^s  experiments  showed  that  oxygen  was  tak£  up,  and  wht^rerer, 
according  to  the  former  theoxy,  phlogiston  was  supposed  to  be^itaded,  Lavoisier  showed 
that  oxygen  was  removed.  This  system  of  chemistry,  caJledtJie  "  Antiphlogistic  Theory/' 
did  not,  however,  meet  with  immediate  acceptation  p<mi.  the  majority  of  ffh^rft*ft*j 
the  advocates  of  the  phlogistic  system  maintaining  that  the  increase  of  weight  of 
metals  and  other  bodies  in  burning  might  be  explained  by  abscribing  to  phlogiston  a 
principle  of  1  evi  ty, — in  other  wor£,  a  tendency  to  recede  from  the  earth  instead  of  hSi* 
ing  towards  it,  as  ponderable  bodies  do.  Such  an  assumption,  however  improbaUe  in 
itself  would  o(  course  suffice  for  its  immediate  purpose ;  that  is  to  say,  of  accounting 
for  the  increase  in  weight  of  a  body  by  loss  of  phlogiston ;  but  the  explanation  thus 
tifforded  took  no  account  of  the  oxygen,  which  Lavoisier  had  shown  to  be  abstmeicd 
from  the  air  and  added  to  the  burning  body.  Accordingly,  as  experiments  were  mnlti' 
plied,  and  it  was  shown  that  in  all  cases  of  combustion,  the  weight  of  the  product  was 
equal  to  the  weights  of  the  combining  bodies  taken  together,  the  phlogistic  theory 
gradually  lost  its  hold  on  the  minds  of  chemists,  and  was  ultimately  abandoned. 

At  the  time  of  Lavoisier,  attention  was  chiefly  directed  to  combustions  taking  place 
in  the  air  or  in  oxygen  gas,  and  to  the  reduction  of  metallic  oxides  by  hydrogen  or 
carbon.  Chlorine  a&o,  then  called  oxymuriatie  acid,  was  supposed  to  contain  oxrgat ; 
bromine  and  iodine  were  not  known.  Accordingly  it  was  natural  that  oxygen  ethould 
be  regarded  as  essentially  the  supporter  of  combustion,  the  bodies  wnich  bmned 
in  it  being  called  combustibles.  Afterwards,  when  chlorine  was  shown  to  be  an  ele- 
mentary substance,  and  when  bromine  and  iodine  were  discovered,  and  metals,  &c., 
were  found  to  bum  in  their  vapours,  the  term  supporter  of  combustion  was  extended 
to  all  substances  capable  of  forming  vapours  in  whidi  others  can  bum ;  thus,  when 
copper-foil  bums  in  sulphur  vapour,  the  sulphur  may  be  called  the  supporter,  and  the 
copper  the  combustible.  But  since  the  same  substance  may  act  sometimes  as  a  com* 
bustible,  sometimes  as  a  so-called  supporter, — e.g.  sulphur  as  a  combustible  with 
oxygen,  as  a  supporter  with  metals, — the  distinction  has  gradually  become  obsolete^ 

The  development  of  heat  and  light  in  combustion  was  attributed,  on  Stahl'a  theory, 
to  the  escape  of  phlogiston.  The  •antiphlogistic  theoxy,  by  dwelling  chiefly  on  the 
ponderable  substance  produced  by  the  combustion,  and  the  relation  between  its 
weight  and  those  of  the  combining  bodies,  tended  rather  to  divert  attention  from  the 
attendant  phenomena  of  light  and  heat,  and,  indeed,  was  somewhat  reproached  br  the 
adherents  of  the  older  theory  for  not  rendering  a  sufficient  account  of  those  pheno- 
mena. Lavoisier  attributed  the  heat  accompanying  combustion  to  the  separation  of 
the  latent  heat  of  the  oxygen  gas ;  and  attempts  have  been  made  to  extend  this  mode 
of  explanation  to  aU  cases  of  chemical  combination,  in  which  gaseous  or  liquid  sub- 
stances pass  to  the  solid  state.  This,  however,  wUl  not  account  satisfactorily  for  the 
more  intense  evolution  of  heat  in  combustions  and  other  combinations :  fat  the  latent 
heat  of  gases  and  liquids  is  small  in  comparison  with  such  developments  of  heel 
Moreover,  in  many  instances,  the  combination  is  not  attended  with  condensation :  t.g. 
in  the  combustion  of  charcoal  or  sulphur  in  oxygen  gas,  and  of  hydrogen  in  chlorine 
gas ;  or  again,  gaseous  products  are  formed  from  solid  bodies,  great  heat  being  at  the 
same  time  evolved,  as  in  the  explosion  of  nitre  with  charcoal,  £c. 

Neither  can  the  heat  of  combustion  be  generally  attributed  to  diminution  of  spedfie 
heat  in  the  resulting  compound ;  for  in  most  cases  the  atoms  of  simple  substanovA 
retain  their  original  specific  heat  when  they  enter  into  combination  (see  Atoshc 
Wbiohts,  i.  472,  and  Hbat).  In  other  cases,  on  the  contrary,  combination  is  att^nd^i 
with  an  actual  increase  of  specific  heat,  so  that  the  result  would  be  a  production  >if 
cold,  if  heat  were  not  developed  from  some  other  cause. 

Thus,  1  lb.  of  hydrogen  gas,  of  specific  heat  3*293,  combines,  under  the  mo^t  rinViit 

evolution  of  heat,  with  8  lbs.  of  oxygen  of  specific  heat  0*236,  p^>ducing  9  lbs.  of 

.-    ,     ,  ,  ^^^     ,               ,    ,  X-        •        /3-293-i-8.0-236\        „  ,,^ 
water  of  specific  heat  1*000,  whereas  calculation  gives  I j  =  0*576  as 

the  mean  of  the  two  specific  heats.    If  then  water  had  a  specific  heat  »  0"576.  the 
quantity  of  sensible  heat  in  the  hydrogen  and  oxygen  gases  together  would  be  «xact^ 
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fnfllcient  to  bring  the  wat«r  formed  to  the  same  temperature  as  that  of  the  gases  them- 
selres ;  but  smce  the  actual  specific  heat  of  water  is  1*000,  the  quantity  of  sensible 
he«t  in  the  gases  is  not  sufficient  for  this  purpose ;  and  if  heat  were  not  developed 
ftom  some  other  cause  during  the  combination  of  oxygen  and  hydrogen,  the  water  pro- 
duced would  be  much  colder  than  the  two  gases  before  combination. 

Berselius,  on  reviewing  these  circumstances,  justly  concluded  that  all  such  explana- 
tions of  the  origin  of  lire  are  defective.  He  supposed  that,  in  everv  ehemioal  com- 
bination, there  is  a  neutrab'sation  of  opposite  electricities,  and  that  this  neutraUsation 
produces  the  flame  or  fire,  in  the  same  way  as  it  produces  fire  in  the  dischargee  of  the 
Leyden  phial  and  the  voltaic  battery,  and  in  thunder.  He  admitted,  however,  that 
tlus  hvpothesiM  does  not  afford  a  satisfactory  explanation  of  the  union  of  the  atoms 
after  the  discharge  has  taken  place.    (See  CmaciaA.L  Affinxtt,  i.  866.) 

A  more  satisfactory  explanation  is  that  advanced  by  Sir  Humphry  Davy,  viz.  that 
the  immediate  cause  of  the  phenomena  of  heat  is  motion,  and  that  the  laws  of  its  com- 
munication are  precisely  the  same  as  the  laws  of  the  communication  of  motion  ;  that 
in  fact,  these  phenomena  are  analogous  to  those  of  light,  as  expounded  by  the  undu- 
latory  theory.  On  this  principle  we  may  explain  the  great  heat  produced  by  friction, 
and  in  explosions,  such  as  those  of  oxide  of  chlorine,  and  chloride  of  nitrogen,  cases  in 
which  heat  and.light  are  copiously  displayed,  at  the  same  time  that  great  enlargement 
of  volume  takes  place,  rendering  the  idea  of  the  extrusion  of  a  calorific  fluid  altogether 
inadmissible.  Whenever  the  diemical  forces  which  determine  either  composition  or 
decomposition  are  energetically  exercised,  the  phenomena  of  combxistion,  which  are 
incandescence  with  a  change  of  properties,  are  exhibited.  In  all  cases,  the  heat  and 
light  depend  on  the  same  cause,  and  mex«ly  indicate  the  energy  and  rapiditv  of  the 
reciprocal  chemical  attractions.  No  peculiar  substance  or  phlogistic  essence  is  neces* 
sary  to  the  production  of  fire ;  but  it  is  a  general  result  of  the  actions  of  any  bodies 
possessed  of  energetic  ehemi(»l  attractions  or  different  electrical  relations ;  and  it  is 
produced  in  all  cases  in  which  an  intense  and  violent  motion  may  be  conceived  to  be 
communicated  to  the  particles  of  bodies. 

We  now  proceed  to  consider  the  circnmstances  which  favour  or  retard  combustion 
and  determine  the  nature  of  flame,  confining  our  attention  chiefly  to  cases  of  combus- 
tion in  the  air.  For  the  greater  part  of  our  knowledge  on  this  subject  we  are  indebted 
to  the  admirable  researches  of  Sir  Humphry  Davy  (FhiL  Trans.  1817,  pp.  45  and 
77),  which  led  him  to  the  invention  of  the  Miner's  Safety-lamp.  The  subject  may  be 
treated  under  the  following  heads :  — 

1.  The  temperature  and  other  conditions  required  to  inflame  different  bodies. 

2.  The  nature  of  flame  and  the  relation  between  the  light  and  heat  which  compose  it. 

3.  The  causes  which  modify  and  extinguish  combustion. 

The  quantities  of  heat  evolved  in  the  combustion  of  different  bodies  will  be  m<vre 
conveniently  considered  in  the  article  Heat  (q.  v.) 

I.  Conditions  of  Inflammability, 

But  few  substances  are  capable  of  combining  with  oxygen  at  ordinary  temperatures, 
and  those  which  exhibit  this  capacity  lose  it  at  lower  temperatures.  The  temperature 
required  to  bring  about  the  combination  of  oxygen  with  any  substance,  the  burning 
pointt  as  it  may  be  called,  is  different,  not  only  for  different  substances,  but  even  for  the 
same  substance,  according  as  the  combustion  is  to  take  place  rapidly  or  slowly.  Thus, 
phosphorus  combines  slowly  with  oxygen,  or  exhibits  alcw  combustion  at  26®  C.  (77°  F.), 
nut  does  not  enter  into  rapid  combustion  till  raised  to  60®  C.  (1 40®  F.)  Charcoal  like- 
wise bums  slowly  below  a  red  heat  Sulphur  takes  fire  in  the  air  at  about  286®  C. 
(660®  F.)  Most  other  elementary  bodies  require  to  be  heated  to  redness  before  th^ 
take  fire  in  the  air  or  in  oxygen  gas.  Several  oigano- metallic  bodies,  as  zinc-methyl 
cacody],  and  some  of  the  antimonides  of  ethyl  and  methyl,  take  fire  immediately  on 
exposure  to  the  air.  Nitrogen  cannot  be  made  to  unite  with  oxygen  by  elevation  of 
temperature,  except  under  peculiar  circumstances ;  chlorine,  bromine,  and  iodine  not 
at  all  by  heat,  only  by  substitution. 

Chlorins  unites  rapidly  with  hydrogen  at  ordinary  temperatures,  and  under  the  in- 
fluence of  direct  sunshine,  produces  a  violent  explosion.  Many  metals  also  bum  when 
introduced  into  chlorine  at  ordinary  temperatures.  Bromine  and  iodine  unite  rapidly 
with  phosphorus  and  with  several  metals,  espeeiall^r  ^  ^  the  finely  divided  state,  at 
ordinary  temperatures ;  but  in  a  tube  cooled  with  ice,  phosphorus  and  iodine  may  be 
brought  togeUier  without  acting  on  each  other. 

Sulphur  unites  with  many  metals  at  a  red  heat,  the  combination  being  attended 
with  vivid  incandescence,  e,g.  with  iron  and  copper. 

The  relative  inflammability  of  different  bodies  in  common  air  may  be  approximately 
estiBuited  by  fusing  a  series  of  globules  of  different  sizes  at  the  ends  of  thui  iron  wires, 

4^2 
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and  lighting  a  number  of  very  small  flames  of  different  substaneea,  but  all  of  th« 
same  size.  A  globale  ^  of  an  inch  in  diameter  brought  near  an  oil  flame  ^  of  an  ineh 
in  diameter  will,  if  cola,  extinguish  it  at  the  distance  of  a  diameter.  The  aice  of  the 
globale  required  to  extinguish  the  flame  will  afford  a  rough  measure  of  the  relatiTe 
inflammability  of  the  burning  bod^.  The  combustibility  of  different  gases  may  also  be 
approximately  measured  by  the  sizes  of  the  masses  of  heated  bodies  required  to  set 
them  on  fire.  An  iron  wire  ^  of  an  inch  thick  at  a  cheny-red  heat  will  inflame  hy* 
drogen,  but  not  olefiant  gas,  which,  however,  is  kindled  by  a  wire  ^  of  an  ineh  thick 
at  the  same  decree  of  heat.  A  wire  ^  of  an  inch  thick  must  be  heated  to  white- 
ness to  inflame  hydrogen,  but  it  will  kindJe  phosphoretted  hydrogen  at  a  low  red  heal. 
Carbonic  oxide  takes  fire  in  the  air  by  contact  with  an  iron  wire  at  a  dull  red  heat ; 
but  the  fire-damp  of  mines  is  not  kindled  by  a  wire  ^  of  an  inch  thick  heated  eran 
to  whiteness.    (Davy.) 

Compression  of  the  air  does  not  appear  to  facilitate  combustion,  unless  it  takes  place 
rapidly,  and  is  consequently  attended  with  considerable  erolution  of  heat.  Th^naid, 
however,  found  that  wood  does  not  take  fire  in  oxygen  gas  under  the  oxdinair  pre»> 
sure  at  temperatures  below  360°  C,  but  under  a  pressure  of  2*6  met.  oombostion 
begins  at  262°.  On  the  other  hand,  phosphorus  in  oxygen  gas  or  common  air  exhibits 
slow  combustion  at  a  temperature  which  is  lower  in  proportion  as  the  gas  or  air  is 
more  rarefied ;  and  a  mixture  of  oxygen  and  phosphoretted  hydrogen,  which,  nnder  the 
ordinary  atmospheric  pressure,  requires  a  temperature  of  116*7°  G.  to  inflame  it,  does 
not  tAke  fire  at  118°  when  the  density  is  increased  to  fifteen  times  its  former  amount ; 
but  if  the  mixture,  contained  in  an  inclined  glass  tube  standing  over  mercury,  be  rarefied 
by  setting  the  tube  upright,  combustion  takes  place  at  20°.  Dobereiner  likewise 
found  (J.  pr.  Chem.  i.  114)  that  a  mixture  of  equal  measures  of  oxygen,  hydrogen,  and 
oitrogen  gases  contained  in  a  detonating  tube  was  always  exploided  by  the  electric 
spark,  if  the  tube  were  open  at  the  bottom,  or  merely  closed  with  water ;  but  not 
always  when  the  tube  was  closed  by  a  cork, — the  compression  appearing  to  offer  an 
obstacle  to  the  continuation  of  the  combustion. 

The  combination  of  oxygen  with  inflammable  gases  and  vapours  is  greatly  fiicili- 
tated  by  contact  with  platinum  and  certain  other  metals,  the  effect  depending  partly 
on  the  power  possessed  by  the  metal  of  condensing  the  gases  on  its  surface  or  within 
its  pores,  if  it  be  in  the  spongy  or  finely  divided  state,  partly  on  a  polarised  condition 
of  the  molecules  (see  Contact-action).  When  a  clean  plate  or  wire  of  platinum  is 
immersed  in  a  mixture  of  oxygen  (or  common  air)  and  a  combustible  gas,  a  slow  com- 
bustion takes  place  at  first,  oy  which  the  temperature  of  the  solid  body  is  niised, — 
and  consequently,  the  process  of  combustion  is  not  only  sustained  but  actually  ac- 
celerated ;  and  at  length  the  temperature  of  the  solid  body  may  be  so  much  raised  as 
to  give  rise  to  rapid  combustion.  The  laiger  the  sur&ce  of  the  metal,  the  more 
powerful  is  its  action. 

It  was  observed  by  Sir  H.  Davy  that  a  mixture  of  oxygen  gas  or  common  air  with 
hydrogen,  carbonic  oxide,  olefiant  gas,  cyanogen,  or  vapour  of  hydrocyanic  acid« 
alcohol,  ether,  rock-oil,  or  oil  of  turpentine,  is  brought  into  a  state  of  alow  combustion 
by  contact  with  thin  platinum  foil  or  a  spiral  of  platinum  wire  heated  to  a  tempe- 
rature short  of  redness, — that  the  heat  thus  developed  brings  the  platinum  to  a  state 
of  bright  ignition, — and  that,  with  certain  gases,  rapid  combustion  at  length  ensues. 
He  likewise  found,  as  had  been  previously  observed  by  Grotthus,  that  the  mixture  of 
oxygen  and  hydrogen  gases  heated  not  quite  to  redness  in  a  glass  tube,  passed  in  a 
few  minutes  into  the  state  of  combination  and  formed  water,  without  sensible  evolu- 
tion of  light  and  heat,  Erman  showed  that  the  platinum  wire  requires  a  temperature 
of  only  ^°  to  61°  C.  in  order  to  induce  the  combination  of  oxygen  and  hvdrrv^Tu 
K.  Davy  found  that  platinum-black  (platinum  in  a  state  of  division  still  finer  t  nan  that 
of  spongy  platinum),  moistened  with  alcohol,  became  incandescent  in  the  air  .and 
induced  combustion  of  the  alcohol  Finally,  Dobereiner  discovered  that  ireshlr 
ignited  spongy  platinum  (as  it  remains  after  ignition  of  ammonio-chloride  of  plati- 
num) excites,  even  in  the  cold,  first  the  slow,  and  then,  under  fiivoorable  dreum- 
stances,  the  rapid  combustion  of  a  mixture  of  hydrogen  gas  with  oxygen  or  atmo- 
siiheric  air.  It  appears  from  the  experiments  of  Dobereiner,  PleiscU,  Dulong,  and 
Th^nard,  that  this  property  is  possessed  (though  in  a  less  degree,  so  that  in  miM 
cases  the  temperature  must  be  raised,  though  never  to  the  bmning  point)  liy  otl^^r 
solid  substances,  both  metallic  and  non-metallic,  e,^,  palladium,  riiodium,  iridium, 
osmium,  gold,  silver,  cobalt-,  nickel,  charcoal,  pumice-stone,  porcelain,  glass,  rui*k 
crystal,  and  fluor-spar. 

These  effects  may  be  shown  in  either  of  the  following  ways : 

1.  Spongy  platinum  fastened  to  the  end  of  a  wire  is  suspended  within  a  glues  fia^k, 
which  is  then  exhausted  of  .air  and  filled  with  the  mixture  of  oxygen  and  the  com- 
bustible gas. — 2.  The  gaseous  mixture  is  contained  in  a  vessel  standing  over  raercurr. 
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and  the  spongy  platinum  fastened  to  a  wire  is  poshed  ap  into  it :  or  a  piece  of  it  is 
«imply  passea  up  by  itself  through  the  mercury  into  the  eas.  The  platinum  is  best 
prepared  for  tius  purpose  by  forming  a  mixture  of  moistened  clay  and  ammonio- 
chloride  of  platinum,  or  of  sal-ammoniac  and  spongy  platinum,  into  bdls,  and  heating 
them  gently :  the  balls  thus  prepared  may  be  used  several  times. — 3.  The  mixture  (S 
oxygen  or  air  with  the  combustible  gas  is  directed  on  the  spongy  platinum  contained 
in  a  glass  dish  or  a  funnel. — i.  The  spongy  platinum  is  attached  to  a  fine  platinum 
wire  (for  this  purpose  the  platinum  wire  may  be  wound  into  a  spiral,  or  a  bose  net 
may  be  made  of  it ;  and  upon  this  a  portion  of  ammoiiio-chl<»ide  oi  platinum,  made 
into  a  thick  paste  with  a  small  quantity  of  water,  may  be  fastened,  and  then  ignited) ; 
a  stream  of  the  combustible  gas  is  then  to  be  directed  upon  it :  the  gas  is  thus  brought 
in  contact  with  the  platinum  after  firut  mixing  with  the  air. — 6.  Fine  platinum  wire 
is  wound  firom  three  to  eight  times  in  a  spiral  form  round  a  thin  glass  rod  or  an  iron 
wire,  the  turns  of  the  spiral  being  kept  very  close  together :  it  is  then  removed,  and 
inserted  by  its  lower  extremity  into  the  end  of  a  glass  tube,  from  which  the  combus- 
tible gas  issues  into  the  air ; — or  the  lower  turns  of  the  spiral  are  fixed  round  the  wick 
of  a  lamp  fed  with  a  combustible  and  volatile  liouid,  such  as  alcohol,  ether,  or  a  voLif 
tile  oil ;  or  again,  the  end  of  the  wire  is  insertea  into  the  middle  of  the  wick  or  into  a 
capillary  tube  into  which  the  liquid  rises.  This  arrangement  serves  for  the  lamp 
without  flawe  or  glouhlamp  (L  74).  It  is  usual  to  set  fire  to  the  vapour,  and  let  it 
bum  till  the  platinum  wire  becomes  red-hot ;  then,  when  the  flame  is  blown  out,  the 
wire  continues  to  glow. — 6.  A  triangle  of  fine  platinum  foil  is  cemented  by  one  of  ita 
comers  into  a  thin  glass  rod,  which  serves  for  a  handle,  and  held  over  the  aperture  (in 
some  cases  after  being  heated)  from  which  the  combustible  gas  issues  into  the  air, — 
or  else  over  a  volatile  liquid,  such  as  alcohol  or  ether.  The  greater  the  purity  of  the 
ammonio-chloride,  the  more  efficient  is  the  spongy  platinum  prepared  from  it.  As 
with  platinum,  so  also  with  the  other  metals  above  named. 

Mfj^i  of  mechanical  division. — ^Many  finely  divided  substances  are  capable  of  burn- 
ing at  comparatively  low  temperatures,  as  shown  by  the  following  experiments :  — 
When  oxide  of  nickel,  cobalt,  or  iron  is  reduced  by  hydrogen  gas  at  a  temperature  of 
about  360^  C,  or  not  quite  amounting  to  redness,  or  when  oxalate  of  iron  is  heated  in 
dose  vessels  not  quite  to  redness,  whereby  the  iron  is  reduced,  the  metallic  powder  thus 
obtained  bums  with  a  glimmering  light  on  being  exposed  to  the  air  at  ordinary  tem- 
peratures. If  the  heat  during  the  reduction  be  raised  to  redness,  or  if  the  metal  re- 
duced at  a  heat  below  redness  be  afterwards  ignited  in  hydrogen  gas,  it  will  no  longer 
exhibit  spontaneous  combustibility,  possibly,  because  the  metal  when  thin  strongly 
heated  agglomerates  in  denser  masses :  but  if  a  quantity  of  alumina  or  glucina  be  mixed 
with  the  metallic  oxide, — ^by  mixing  the  solution  with  that  of  the  salt  of  alumina  or 
glucina,  and  precipitating  by  an  alkali, — the  metal,  when  reduced  by  hydrogen,  even  at 
a  red  heat  (provided  the  heat  has  not  been  Vfiy  intense),  takes  fire  on  exposure  to 
the  air,  as  readily  as  that  which  has  been  reduced  at  a  lower  temperature, — ^possibly, 
because  the  interposition  of  the  earths,  which  are  not  reduced  by  the  hydrogen,  pre- 
vents the  particles  of  metal  from  welding  together.  Copper  reduced  by  hydrogen  gas 
at  a  very  modenite  heat  was  likewise  observed  on  one  occasion  to  become  covered,  on 
exposure,  with  a  film  of  oxide,  without  however  taking  fire.  Iron  reduced  by  hydrogen 
gas  absorbs  several  times  its  volume  of  carbonic  acid  ga^ ;  it  thereby  loses  its  inflamma- 
bility, which,  however,  it  recovers  by  being  again  heated  in  hydrogen  gas.  This  pro- 
perty of  spontaneous  inflammability  may  be  explained  in  two  different  ways :  1.  The 
metal  reduced  by  hydrogen  retains  a  portion  of  this  gas  enclosed  among  its  particles ; 
when  exposed  to  the  air,  it  induces  combination  between  this  substance  and  the 
oxygen  of  the  air  (after  the  manner  of  Bobereiner's  process),  and  the  great  heat 
evolved  in  this  combination  causes  the  metal  to  take  fire.  Against  this,  however,  it 
may  be  alleged  that  iron  reduced  from  the  oxalate  cannot  contain  hydrogen  gas  en- 
closed amongst  ita  particles  (it  may,  however,  contain  carbonic  oxide) ;  and  even  when 
the  metal  is  thrown  into  water,  and  the  water  driven  off  by  evaporation,  spon- 
taneous combustion  is  still  produced  by  contact  of  air. — 2.  The  metal  when  exposed 
to  the  air  absorbs  the  air  mechanically,  just  as  any  porous  body  would  do  (and  pos- 
sibly it  may  absorb  oxygen  with  peculiar  avidity) ;  and  the  heat  developed  by  this 
mechanical  absorption  gives  rise  to  the  combustion.  If  the  metal  has  been  previously 
saturated  with  carbonic  acid  gas,  of  which  perhaps  it  absorbs  a  larger  quantity  than 
of  oxygen,  it  does  not  become  heated  by  contact  with  the  air  (Magnus).  Wohler 
likewise  found  that  intimate  mixtures  of  charcoal  and  reduced  metals  often  possess 
the  property  of  taking  fire  at  a  red  heat 

Tne  spontaneous  combustion  of  other  porous  substances,  such  as  charcoal-powder  or 
small  coal,  and  especially  of  masses  of  tow,  cotton,  or  rags  saturated  with  oil,  takes  place 
in  a  similar  manner.  The  substance  absorbs  and  condenses  the  air  within  its  pore« ; 
oxidation  then  oommcnceB  immediately  and  raises  the  temperature,  which  again 
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accelerates  the  oxidAtion ;  and  thus  the  process  goes  on  with  oontinoalty  increasing 
rapidity,  till  at  length  the  mass  bnnts  into  flame.  The  low  conducting  power  of  such 
a  porons  mass  gmJdy  facilitates  the  combustion,  bj  prerenting  the  dissipalion  of  the 
heat  generated.  Instances  are  known  of  olive  oil  igniting  upon  sawdust;  of  gi^aej 
rags  &om  butter,  heaped  together,  taking  fire  within  a  period  of  twenty-four  houn ;  of 
the  spontaneous  combustion  of  tape-measures,  which  are  covered  with  an  oil-ramish, 
when  heaped  together ;  and  even  of  an  oil-skin  umbrella  put  away  in  a  damp  6tat«. 
The  presence  of  moisture  greatly  promotes  the  spontaneous  ignition  of  porous  materials, 
such  as  hay  or  coal-dust>  the  water  probably  supplying  oxygen  to  the  combustible 
matter.  (See  Graham's  Report  on  the  cauae  of  thejire  in  the  "  Amazon,"  Chem.  Soc 
Qu.  J.  V.  34.) 

n.  Nature  of  Flame, 

The  fire  which  accompanies  the  process  of  combustion  appears  either  as  Crl&w  or 
Ineandeaeenee^  when  the  bumins  boay  does  not  become  gaseous  before  dbmbnstion,  or 
as  Flampf  when  the  burning  body  is  previously  converted  into  gas  or  vapour.  In  the 
former  case,  the  heat  evolved  at  the  surface  of  contact  of  the  oxygen  and  the  com- 
bustible body,  charcoal  or  iron  for  example,  heats  the  body  and  causes  it  to  glow  with 
various  degrees  of  brightness,  according  to  the  temperature.  Feebly  glowing  ooals 
emit  a  dull  red  light  (Merry-red  heat  or  dull  red  heat) ;  when  more  strongly  heat«d« 
they  emit  a  yellowish-red  light  (bright  or  fvil  red  heat) :  at  still  higher  temperatures, 
a  yellow  light  (dull  or  commencing  white  lieat) ;  then  a  vellowish,  then  a  greenish,  and 
lastly  a  bluish-white,  intenselv  dazzling  light  (bright^  fuU^  or  dojprHng  white  heaty 

When  the  combustible  body  is  in  the  gaseous  form,  either  originally  or  in  conse- 
quence of  the  heat  required  to  set  it  on  fire,  the  mixture  of  this  gas  with  the  oxygen 
and  the  products  of  the  combustion  constitutes  flame,  which  is,  in  fact,  gaseous  matter 
heated  to  incandescence.  If  the  combustible  gas  or  vapour,  and  the  oxygen  or  air  ore 
uniformly  mixed  before  ignition,  the  combustion  takes  the  form  of  an  e3q)lo<iion,  com* 
bination  taking  place  at  once  throughout  the  whole  mass  of  gaseous  matter,  which  oonse- 
qnentlv  appears  equally  luminous  throughout  A  similar  effect  takes  place  when  a  com- 
bustible  substance,  such  as  sulphur  or  charcoal,  is  intimately  mixed  with  a  nitrate, 
chlorate,  or  other  solid  substance  which  readily  gives  up  oxygen :  if  the  tempCTature  of 
such  a  mixture  be  raised  to  the  burning  point  at  one  spot  by  friction,  percussion,  or 
the  contact  of  a  hot  body,  the  ignition  of  the  first  few  particles  raises  the  temperature 
of  the  next,  and  then  the  action  is  propagated  in  an  inappreciably  short  space  of  time 
throughout  the  whole  mass,  producing  a  sudden  and  violent  evolution  of  gas.  occupying 
many  thousand  times  the  volume  of  the  original  solid  mixture.  The  noise  attending 
the  explosion  arises  from  the  violent  concussion  of  the  surrounding  air  produced  by 
the  sudden  expansion  of  the  burning  gases. 

But  when  the  combustible  gas  or  vapour  issues  from  an  orifice  or  a  wick  into  the 
air,  or  into  an  atmosphere  of  oxygen,  the  combustion  takes  place  ^[radaaUy  at  the 
surface  of  contact  of  the  two  gases,  and  a  flame  is  produced,  consisting  of  an  inner 
dark  and  less  heated  space  filled  with  the  combustible  gas,  and  a  glowing  envelope 
marking  the  boundary  at  which  the  combustible  gas  and  the  oxygen  come  in  contact 
and  unite.  That  such  is  really  the  structure  of  fiame  may  be  shown  by  placing  a 
piece  of  phosphorus  on  the  wick  of  a  burning  spirit  lamp,  the  phosphorus  not  taking 
Are  till  it  is  pushed  outwards.  If  a  piece  of  phosphorus  be  placed  on  a  wooden 
support  in  the  middle  of  a  basin  filled  with  alcohol,  and  the  alcohol  be  set  on  fire,  the 
phosphorus  melts,  but  does  not  take  fire  till  the  alcohol  is  burnt  away  or  extinguished, 
or  tiU  the  flame  is  blown  on  one  side,  or  air  directed  upon  the  phosphorus  by  means 
of  the  blowpipe.  In  a  similar  manner,  a  lighted  candle  will  go  out  when  placed  in 
the  midst  of  an  alcohol  flame. 

The  brightness  or  illuminating  power  of  flame  depends,  not  only  on  the  degree  of 
heat,  but  likewise  on  the  presence  or  absence  of  solid  particles  which  may  act  a» 
radiant  points.  A  flame  containing  no  such  particles  emits  but  a  feeble  light,  even  if 
its  temperature  is  the  highest  possible — the  flame  of  hydrogen  gas,  for  example.  But 
in  flames  which  do  contain  sohd  particles,  the  brightness  increases  with  tlie  tempera- 
ture to  which  these  particles  are  raised.  Solid  particles  in  a  flame  sometimes  ari»i> 
fix>m  the  combination  of  the  combustible  body  with  oxygen,  e.  y.  phosphoric  acid  or 
oxide  of  zinc  in  the  combustion  of  phosphorus  or  zinc ;  sometimes,  when  the  bumiius 
body  is  an  organic  hydrocarbon  in  the  gaseous  state,  they  consist  of  narticlM  of 
carbon  in  the  form  of  soot,  separated  in  the  interior  of  the  flame  by  the  neat  of  thn 
burning  envelope.  A  dull  flame  becomes  brighter  by  the  introduction  of  a  solid  body 
in  a  finely  divided  state. 

The  following  substances  give  a  duU  flame :  hydrogen  gas,  carbonic  oxide  gas.  snl* 
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phar,  selenium,  arsenic,  alcohol — and  likewise  ooal-eas  when  it  is  mixed  with  a 
■ufficieut  quantity  of  air  to  cause  it  to  bum  without  deposition  of  soot :  phosphorus 
also  burns  with  a  dull  flame  in  chlorine  gas,  because  the  chloride  of  phosphorus,  which 
is  the  product  of  the  combustion,  remains  in  the  gaseous  state  (H.  Davy).  When  a 
spiral  of  platinum  wire  or  a  piece  of  asbestos  is  held  in  either  of  these  flames,  or  some 
powdered  oxide  of  zinc  thrown  into  it,  the  solid  matter  immediately  beeomes  white, 
and  emits  a  viyid  light  (H.  Davy).  Paper  soaked  in  solution  of  chloride  of  calcium 
and  burnt  in  the  flame  of  a  spirit  lamp,  leaves  a  white  network  of  ashes,  which,  when 
held  in  the  feeblest  alcohol  flame,  emits  a  brilliant  light  (Talbot,  PhU.  Maff.  [3]  iii 
114.) 

If  alcohol  vapour  be  projected  from  one  set  of  tubes,  and  oxygen  gas  from  another 
aet^  upon  a  ball  of  quicklime,  having  a  stem  by  which  it  is  fasten^  to  a  wire,  the 
alcohol  burning  in  the  oxygen  gas  heats  the  bail  to  the  most  dazzling  whiteness ;  so 
that  the  lights  when  reflected  by  a  concave  mirror  placed  behind  it,  is  plainly  visible 
at  the  distance  of  68  miles.  Zirconia  gives  a  light  some^rhat  less  powerful  than  that 
of  lime;  that  produced  by  magnesia  is  onlv  half  as  strong.  (Drummond,  £d.  J. 
of  Sc.  5,  319.)  By  the  o^-hydrogen  blowpipe  (i  613)  lime  is  rendered  much  more 
brightly  luminous  than  by  alcohol  and  oxygen  gas.  Supposing  the  intensity  of  light 
of  a  wax  candle  »  1,  that  emitted  by  a  cylinder  of  lime  whose  circumference  is  one- 
fifth  of  that  of  the  flame  of  the  candle,  is  equal  t^  153  when  it  is  ignited  by  the  oxy- 
hydrogen  flame ;  to  76,  in  the  flame  of  ether  and  oxygen ;  to  69,  m  that  of  alcohol 
and  oxygen;  and  to  19,  in  that  of  coal-gas  and  oxygen.  Unburnt  chalk,  white  day, 
and  magnesia,  give  much  less  light  than  burnt  chalk. 

A  bright  flame  is  produced  by  the  following  bodies :  — 

1.  Those  which  in  combination  with  oxygen  form  a  solid  compound :  phosphorus, 
potassium,  antimony,  bismuth,  zinc,  and  most  other  metals.    (Davy.) 

2.  Compounds  containing  carbon,  from  which  a  portion  of  the  carbon  ia  separated 
in  the  form  of  soot,  by  the  heat  produced  at  the  part  where  the  combustion  actually  takf'S 
place,  the  separated  carbon  being  first  brought  to  a  state  of  vivid  incandescence,  and 
subsequently  burnt  when  it  comes  in  contact  with  oxvgen.  This  is  the  case  with 
marsh-gas,  olefiant  gas,  ether,  volatile  oils,  fats,  resins,  &c.  (H.  D  avy).  The  flame  of 
alcohol  may  likewise  be  rendered  bright  by  the  presence  of  any  substance  which 
causes  the  carbon  to  separate  from  it  Thus,  chlorine  ^as  mixed  with  the  flame  of 
alcohol  increases  its  luminosity,  because,  b^  combining  with  the  hydrogen,  it  causes  a 
deposition  of  solid  carbon.  Vapour  of  dioxide  of  osmium  likewise  gives  luminosity 
to  the  flame  of  alcohol,  by  giving  up  osmium  and  separating  carbon  from  the  alcohol. 
To  produce  this  effect,  a  piece  of  osmium  is  laid  on  the  edge  of  a  piece  of  platinum- 
foil,  and  the  foil  held  over  the  alcohol  flame,  so  that  the  osmium  may  bum,  and  the 
vapours  of  the  oxide  may  mix  with  the  vapour  of  alcohol  (Berzelius).  The  flame 
of  nydrogen  or  marsh-gas  may  be  rendered  bright  by  passing  the  gas  through  coal-tar 
naphtha,  rock-oiL,  or  some  other  volatile  hvdrocarbon,  the  vapour  of  which  then  mixes 
with  the  gas  and  bright'Cns  the  flame  by  the  separation  of  its  carbon. 

On  the  contrary,  by  mixing  a  jet  of  carbonaceous  gas  or  vapour  with  oxygen,  as  in 
Bunsen's  gas-buraer,  in  which  air  is  admitted  just  above  the  point  where  the  stream 
of  gas  enters  the  burner,  so  that  the  gas  and  air  become  well  mixed  before  they  reach 
the  orifice,  a  complete  combustion  of  the  carbon  is  obtained,  and  only  gaseous  products 
are  formed,  the  result  being  a  veiy  hot  smokeless  flame  of  feeble  luminosity.  A 
similar  flame  is  obtained  by  laying  a  sheet  of  wire-gauze  on  the  top  of  the  chimney 
of  an  Argand  gas-burner,  and  settmg  flre  to  the  gas  above  the  gauze.  The  gas  then 
becomes  well  mixed  with  air  in  passing  up  the  chimney,  and  the  carbon  is  completely 
burned  as  before. 

The  more  slowly  a  carbonaceous  substance  is  burned,  the  greater  is  the  quantity  of 
carbon  separated  from  it ;  the  brightness  of  the  flame  is,  however,  diminished  in  the 
same  proportion,  because  the  particles  of  carbon  are  less  strongly  heated.  On  the 
contrary,  the  quicker  the  combustion,  the  smaller  is  the  quantity  of  carlion  sepsrated ; 
but  the  temperature  to  which  it  is  raised  is  so  much  the  higher,  and  consequently  it 
emits  a  brighter  light 

The  flame  of  higlily  carbonised  substances,  such  as  a  wax  or  tallow  candle,  consists 
of  four  parts,  as  represented  in  fig.  129.  a,  a  dark  inner  eone^  sunonnding  the  wick, 
and  consisting  of  the  combustible  gas  and  vi^'^iiur  issuing  therefrom,  mixed  with  atmo- 
spheric nitrogen  and  the  products  of  combustion,  viz.  water  and  the  oxides  of  carbon; 
6,  a  light  bltw  zone,  at  the  bottom  of  the  flame,  and  reaching  a  little  way  up  the  inner 
cone.  In  this  part,  the  combu*<tible  matter  of  the  inner  eone  comes  in  contact  with 
the  oxygen  of  the  air  not  yet  rarefied  by  the  heat,  and  is  completely  burned  just  as  in 
the  inner  blowpipe-flame  (i.  613),  producing  a  light  of  the  same  bright  blue  colour, 
r,  a  hiffh/t/  luminous  cone  surrounding  the  dark  inner  cone.  In  this  part,  the  supply  of 
ox}^i'n  is  not  sufficient,  excepting  at  the  outer  surface,  for  the  complete  combuistioa 
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Fig.  \29.  body  b«  introduced  into  the  flump.  theM  p«rtid«e  ol  cu-boa  axt  dpparilnl 
w  soot,  d,  the  vutnUe,  a  feeblj  luminona,  jellovish  one  nuiuiuidiiig  tlwi 
•Dtire  Btune,  eic^epting  Jiut  &t  thu  bortom,  uid  anuistiiig  of  atniotpheria 
ftir  heated  to  iDOiiideBCeDM,  uid  mizAd  vith  the  final  prodnrta  of  t1j« 
eombiutioa.  This  part  of  the  flame  ia  often  cocfDiuidra  with  the  bina 
■one,  from  which,  howeTer,  it  i«  reallj  diatinct  The  bi«t  mode  of  ob- 
lerring  it  ji  to  cut  nut  >  piece  of  csraboaid  of  dmi-Ij  tlie  ihipe  of  the 
flune,  aod  hold  it  u  meh  a  diit&nce  from  the  eye  oa  joit  to  bide  the  Inmi- 

The  flame  of  ui  Argand  bmp,  which  iaanpplied  with  air  within  aa  will 

aa  witboDt,  may  be  compared  to  the  flune  of  an  ordinuiy  lamp  or  catidla 

Battened  oat,  and  then  bent  into  ■  cylinder.     It  cootains  the  tame  put* 

'  M  (he  conical  flame,  but  &om  the  tana  ol  the  wick,  the  daik  zone  ia  ne- 

cesnurily  Tery  Ihin. 

The  composition  of  the  flame  of  wax  aod  tallow  boming  from  a  ynA 

ha*  been  accurat^  inveatigated  by  Hilsard  (Anu.  Ch.  Pbamt.  icii 

IIS;  Jabreeb.    f.  Chem.  18fi4,  p.  287).     lie  lamp  lued  in  the  eiperi- 

menta   conusted  of  a  ahallow  cylioder  containing  the  farl,  and  haring  in 

ill  Bxia  a  Rlaaatnbe,  over  the  npper  end  of  which  the  cylindrical  wick  waa 

drawn.    Tfarongb  this  tnbe,  which  waa  capable  of  sliding  up  and  down, 

a  narrower  tnbe  connected  at  ite   lower  end  with  an  atpinror  pasned 

npwarda  into  the  flame.     Thii  Qsmnr  tabe  waa  attached  \o  the  onter  taba 

qr  Tncana  of  a  caoatchone  connecter,  in  lueh  a  manner  that  no  air  wntld 

pam  tbroagb  the  wide  tnbe  inhi  the  flame.     By  this  arrangement,  thn  gaare  could  be 

collected  at  any  required  height  in  the  Sajne ;  they  then  psased  through  a  aeri»  of 

eondensera.  and  SnaDy  into  a  glaaa  tube  in  which  they  were  aealed  up  for  examination. 

In  the  foUowing  table,  the  composition  of  the  gaaea  at  different  heighla  (in  milli- 

metres)  above  (  + )  and  below  (-)  the  edge  of  the  wick  ia  given  in  perceota^  by 

Tolumei  the  aymbol  CH*  inclndea  ethylene  and  the  hydrocarbons  polymeric  with  it. 

X  denotea  the  weight  of  liqnid  ajid  eoUd  matter  coDdeoeed  from  a  iiti«  of  tbe  flam»> 
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The  Urge  qoantity  of  nitrogen  in  the  interior  of  the  flame  aroae  front  the  cirmm- 
■tance.  that  the  air  entered  the  flame  in  a  nearly  horizontal  direction,  especially  at  the 
lower  part.  The  proportion  of  nibt^en  is  ■  minimom  at  2mm.  above  the  edge  of  the 
wick,  chiefly  became  the  greater  heat  and  increasing  amount  of  decompositioD  in  this 
part  of  the  flame  produce  a  laq;er  amount  of  permanent  gases.  Tht  qoastiCy  of 
carbonic  anhydride  ia  nearly  inversely  proportional  to  that  of  the  hydrocarbons,  C"H*. 
When  the  nitrogen  ia  deducted,  the  mns  of  the  smonots  of  carbonic  anhydride,  ethy- 
lene, &c.,  and  carbonic  oxide  are  neariy  constant.  The  total  quantiqr  irf  these  Ihrf* 
BHsea  ^>peaia  to  alter  but  alighcly  from  the  bottom  of  the  flame  to  a  height  of  7mni.  or 
Bmm  ;  at  a  greater  height,  it  appeals  to  increase,  in  cODSeqneiKS  of  the  ouna  of  tb« 
products  of  oxidation. 

The  inner  cone  of  the  flame  oDntaini  the  unbnrnt  gaaea  iuuiug  fram  the  wick. 
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.1  water,  pre- 


miied  with  ataoaplmic  nitrogm  and  carbonic  oiide,  cubonic 
dueudbj  thecombustion  going  on  in  the  outer  cone,  but  no  fret  oxygn,  ti 
completely  conTertetl  into  tbe  products  jui^t  mentioncil  in  passing  tLrougn  cue  out^r 
CoDi^  The  compoflition  of  the  gdspB  at  dlflerezit  beighU  of  the  flame  ia  determined 
by  Ibe  natural  action  of  the  combustible  gasTB  iu  the  innei  cone  and  the  oiidiecd 
prodaeta  proceeding  trom  the  outer  part. 

The  lominaua  eavelopa  anrrotudinn  the  inner  cone  van'M  id  eompositioa  from  irith- 
OUt  inirards,  the  ont*r  portion  containing  a  considerable  i^uantitj  of  free  ox)ti;en 
which  ({Tadualtj  diminishes  as  it  penetrates  inwards.  The  thickness  of  the  lutainaua 
envelope  increases  towards  the  upper  part  of  the  fiame.  because  this  portion  eontaiua 
the  oxidised  products  ascending  from  below,  in  addition  to  those  directly  formed 
therCt  ao  that  the  proportion  of  combustible  gases  in  the  upper  part  of  the  flame  ia  les*. 
the  combustion  is  slower,  and  the  oxygen  of  the  air  cao  penetrata  to  b  greater  depth ; 
hence  the  luminous  enrelope  diminiahes  in  brightness  and  increases  in  Sickness  from 
below  upwards,  and  near  the  apex  it  presents  the  appeannce  of  a  solid  cone.  The 
Tedacing  part  of  the  flame  is  at  the  surface  of  contact  of  the  inner  cone  and  the  luminou* 
euretope. 

The  flaiuea  of  combustible  bodies  which  do  not  undergo  the  decompositions  above 
described,  differ  couaiderably  in  compoaltiou  trom  those  of  wax  or  tallow.   Tbe  Inminooa- 
cone  is  often  absent,  more  rarely  the  mantle :  the  inner  coue  ia  of  course  always  pre- 
sent, and  the  blue  zone  ii  almost  alwaya  represented  by 
tlie  part  where  the  still  undiluted  combustible  gas  comes  Fig.  130. 

in  cuntact,  at  a  comparatively  low  temperatnie,  with  aii 
containing  its  full  amount  of  oxygen.  The  flame  of  car- 
bon ic  oxide  exhibits  a  dietinct  dark  cone  (consisting  of 
Dnbumt  ea»).  a  dark  blneione,  and  a  yellowish-red  mantle 
not  sharply  defined  from  the  surrounding  air.  The  flatne 
of  salphnt  haa  a  blue  lone  at  the  bottom  and  a  violet- 
reddish  mantle,  the  colour  with  which  sulphur-vapour 
bums  when  previously  strongly  heated.  In  the  aleohol- 
flame  {fig.  1301  the  inner  cone  a  is  very  large,  in  conse- 
quence of  the  volatility  of  the  combustible  aubstance :  the 
luminous  cone  b  is  small,  because  there  is  but  little  carbon 
separated ;  and  the  mantis  d  appears  Tery  much  developed, 
because  the  eye  is  not  dazzled  by  a  bright  luminous  a 
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ion  of  the  flame  otcaal-gaa  has  been  ez-  c^      f=^ 

dolt  (Pogg.  Ann.  xcix.  389),  by  a  method  J  I 

above  descrilwd  for  the  wax  and  tallow  y    I  \^^ 

as.   properly  purified  from  carbonic  acid,      y- —         |       |       ^""-^v 
aeouB  vapour,  was  passed,  under  pressure   '  ^ 


lined  byXaud 
similar  to  that  above  d 
Armies.    The  gas.  I    . 
oxypen,  and  aqueous  '  .  . 

of  a  column  of  water.  IT  Paris  lines  high,  Into  a  brass  box, 
having  at  the  top  a  circular  aperture  7mm.  wide,  andatnlieofnearly  the  same  diameter 
passing  tightly  through  the  bottom,  and  terminating  on  a  level  with  the  circular 
opening,  so  that  the  gas  was  made  to  issue  through  the  narrow  ring-shaped  slit  thus 
formed.  A  tube  connected  with  an  aspirator  passed  up  through  the  brass  tube  into 
the  flame,  as  in  Hilgard's  experiment".  The  flame  wae  protected  from  draughts  of 
air  by  a  glaiw  cylinder  anapended  over  it  and  reaching  to  within  BOmm.  of  the  bnmer; 
it  was  bom  BS  to  ICIOmm.  high  when  burning  freely,  and  from  85  to  SSmm.  while  pa 
was  being  drawn  out  of  it.  The  following  table  gives  the  compoaition  of  the  pnrided 
coal-gss  (L)  introduced  into  tbe  burner,  and  that  of  the  flame-gas,  at  various  aeighta, 
D  mm.,  above  the  ring-shaped  aperture,  in  percentagea  by  volome  {F), 

CojnjHttiliim  of  Coal-ga*  fiamt. 
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From  these  results,  Landolt  has  calculated  the  uroportions  of  coal-gas  aod  air  which 
by  their  mutual  action  form  the  several  parts  of  the  flame-gas.  The  results  &re  0ora»> 
what  discordant,  according  as  the  carbon,  hjdrogen,  or  nitrogen  is  taken  as  the  basis 
of  the  calculation ;  but  the  most  probable  rosults  are  given  in  the  following  table,  in 
which  A  denotes  the  volumes  of  atmospheric  air  which  have  mixed  with  100  vob.  coat" 
gas  to  produce  the  flame-gas  at  the  several  heights,  D,  indicated  in  the  firat  line. 
100  +  A  a  H  volumes  ot  this  nnbumt  gaseous  mixture  yield,  after  combnstioD,  V 
volumes  of  flame-gas.  The  composition  of  the  M  volumes  of  nnbumt  gaseous  mixture 
and  of  the  Y  volumes  of  flame-gas  produced  by  their  combustion  are  given  in  the  lower 
part  of  the  table. 

ComposUion  of  Coal-gas  flame. 
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The  sudden  increase  in  the  quantity  of  air  mixine  with  the  oombustable  gas  between 
the  heights  of  10  and  20mm.,  is  attributed  by  Landolt  to  the  effect  of  the  glvs  cylinder. 
The  proportion  of  carbonic  acid  does  not  increase  towards  the  upper  part  of  the  flame 
so  rapidly  as  might  be  expected,  probably  on  account  of  the  reduction  of  that  gait  to 
carbonic  oxide  by  the  the  ignited  carbon  in  the  flame ;  hence  also  the  sudden  incrt^ase  in 
the  proportion  of  carbonic  oxide  between  the  heights  of  30  and  40mm.  The  quantities  oi 
the  several  combustible  gases  in  the  flame  diminish  from  below  upwards,  at  rates  propor- 
tional to  their  combustibility.  From  0  to  20mm.  the  decrease  of  the  hydrogen  is  the  moet 
rapid ;  the  increase  in  the  proportion  of  this  gas  in  the  flame  above  the  height  of  20min. 
is  probably  due  to  the  reducmg  action  of  the  ignited  carbon  in  the  aqueous  vapour. 
The  marsh-gas  diminishes  more  slowly,  and  the  heavy  hydrocarbons  still  more  slowly, 
the  latter  indeed  remaining  nearly  unaltered  in  the  flame  up  to  40mnL,  and  burning  only 
in  the  higher  part. 

The  brightest  light  was  found  to  be  given  out  by  the  part  of  the  flame  a  little  above 
the  top  of  the  dark  cone.  In  a  gas-flame  lOOmm.  high,  in  which  the  dark  cone  reached 
to  about  65mnL,  the  highest  part  was  at  70mm.,  and  supposing  the  brightness  of  this 
part  Bs  100,  that  of  tho  other  parts  of  the  flame  was  found  to  be  as  follows : 

Height  above  burner  , 
Brightness  at  the  edge  . 
Brightness  in  the  middle 

The  8iz€  of  a  f^ime  is  greater  in  proportion  as  a  larger  quantity  of  oxygen  is  res 
quired  to  consume  a  given  volume  of  the  rising  combustible  gsj^  and  also  as  tiie  sur- 
rounding oxygen  is  mixed  or  combined  to  a  greater  extent  with  foreign  gases ;  for,  in 
that  case,  the  combustible  gas  nmst  present  a  larger  circumference,  and  a  greater  nuniltcr 
of  points  of  contact  to  the  oxygen,  in  order  that  the  latter  may  be  consumed  as  fas^  as 
it  18  supplied. 

When  different  combustible  gases  aid  made  to  flow  from  a  jet,  in  streams  of  given 
strength,  into  oxygen  gas  and  mixtures  containing  it,  the  following  effects  are  observed : 
Hydrogen  gas  gives  a  much  smaller  flame  than  olefiant  gas  (1  volume  of  hydrogrji  re- 
quires half  a  volume  of  oxygen,  and  1  volume  of  olefiant  gas  requires  3  volumes  of  oxygen 
to  bum  it).  Hydrogen  gas  mixed  with  nitrogen  gives  a  still  smaller  flame  than  puri' 
hydrogen.  The  flame  of  hydrogen  giis  in  oxygen  is  nmaller  than  that  of  the  itame  pxrs 
in  air;  but  there  is  this  anomaly  observed,  that  hydrogen  gives  a  smaller  flame  in  air 
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than  it  does  in  chlorine  or  nitrons  oxide  gas, — althongh  one  volume  of  hydrogen  gas 
requires  2*4  volumes  of  air  and  only  1  volume  of  chlorine  or  of  nitrons  oxide  gas.  This 
peculiarity  is  probably  due  to  the  different  degrees  of  dififasibility  of  the  gases  through 
each  other. 

The  cdowr  oftheflamt  depends  partly  on  its  temperature,  partly  on  the  nature  of 
Jie  substances  conttiined  in  it. 

Cold  carbonic  oxide  gas  gives  a  bhie  flame  in  bumine ;  but  if  it  has  previously  been 
heated,  it  gives  a  yellowish  red  flame.  HVdrogen  and  other  gases,  Wnich  in  burning 
evolve  more  heat  than  is  evolved  by  carbomc  oxide,  exhibit  a  yellowish  red  flame  even 
when  set  on  fire  in  the  cold.  But  when  hydrogen  gas  issues  from  a  fine  jet  (as  in 
Marsh's  apparatus)  against  a  porcelain  slab  held  close  in  front  of  it,  a  pale  green  flame 
is  produced, — possibly  in  consequence  of  the  cooling  action  of  the  porcelain.  The  blue 
flame  at  the  lower  part  of  the  flame  of  a  candle  likewise  indicates  a  comparatively  low 
temperature.  It  is  remarkable  that  in  the  glowing  combustion  of  solid  bodies  the  ooloum 
exhibit  exactly  the  opposite  relation  (p.  1094). 

The  addition  of  boric  add,  or  of  a  metallic  chloride  and  oil  of  vitriol,  to  alcohol, 
gives  the  flame  a 'green  colour — or,  when  it  is  more  strongly  heated,  it  turns  vellow. 
Chloride  of  strontium  or  chloride  of  calcium  colours  the  flame  of  alcohol  red ;  chloride 
of  barium,  or  common  salt,  colours  it  yellow ;  protochloride  of  copper  gives  it  a  bright 
red  colour,  with  green  and  blue  edges.  Copper  covered  with  oxide  or  sulphide  (bat 
not  clean  copper),  held  in  the  flame  of  alcohol,  colours  it  green.  The  flames  of  othef 
burning  bodies  undergo  similar  alterations.  Chloride  of  strontium  reddens  the  flame 
of  hydrogen,  marsh-gas,  and  oleflant  gas,  as  also  that  of  a  candle — but  only  so  long  as 
the  salt  itself  remains  moist ;  on  the  flame  of  sulphur  it  has  no  effect.  In  all  these  case:*, 
a  portion  of  the  added  substance  undoubtedly  volatilises :  but  whether  it  volatilises  un- 
decompceed,  so  that  the  colour  of  the  flame  is  altered  merely  by  the  presence  of  boracic 
acid,  chloride  of  strontiuin,  chloride  of  copper,  &c.,  or  whether  decomposition  takes 
place,  so  that  boron,  strontium,  calcium,  barium,  or  copper  is  introduced  into  the  flame 
m  the  reduced  state,  is  there  burnt,  and  thereby  produces  a  different  colour — is  a  ques- 
tion not  yet  decided.    Davy  suggest-ed  the  latter  explanation. 

Respecting  the  prismatic  spectra  produced  by  flames  in  which  various  salts,  &c  are 
ignited,  see  Analysis  (i  214),  also  Light. 

In  ordinary  flames,  the  combustible  gas  occupies  the  interior,  and  is  surrounded  by 
atmospheric  air  or  oxygen  gas.  But  the  combustion  may  likewise  be  sustained  by 
directing  a  stream  of  oxygen  gas,  air,  &c.,  into  a  vessel  filled  with  the  combustible  gas. 
The  interior  dark  part  of  the  flame  then  consists  of  oxygen  gas ;  and  this  gas  seems, 
as  it  were,  to  bum  in  the  combustible  gas.  In  this  manner,  oxygen  gas  (and  also 
chlorine)  may  be  made  to  bum  in  hydrogen ;  likewise  oxygen  gas,  common  air,  vapour  of 
p<'mitric  oxide  (or  chlorine  eas,  with  large  deposition  of  sootY  in  oleflant  gas.  To  pro- 
duce this  effect,  a  stoppered  bell-jar  standing  over  water  is  filled  with  olefiant  gas, 
the  stopper  removed,  the  gas  set  on  fire,  and  the  oxygen  tube,  which  is  fitted  into 
a  cork,  plunged  into  the  olefiant  gas,  the  cork  serving  to  dose  the  aperture.  Or  a 
quantity  of  chlorate  of  potassium,  contained  in  a  small  basin  suspended  from  the  cork, 
may  be  heated  till  it  evolves  oxygen  gas,  and  then  plunged  into  the  olefiant  gas  pre- 
viously set  on  fire  at  the  mouth  of  the  jar :  the  combustion  then  goes  on,  produdng  a 
beautiful  Ught,  the  colour  of  which  may  be  variously  modified  by  the  addition  of  nitrate 
of  sodium,  strontium,  or  copper  (Kemp,  J.  Pharm.  xx.  413;  also  J.  pr.  Chem.  iii.  44). 

The  flame  of  oxygen  in  hydrogen  gas  is  green,  even  when  both  gases  are  quite  pure : 
that  of  oxygen  in  marsh-gas  is  yellow.  The  flrst-mentioned  flame  is  much  larger  than 
the  other,  because  a  measure  of  oxygen  gas  requires  two  measures  of  hydrogen,  and  only 
half  a  measure  of  marsh-gas  (Hese,  Pogg.  Ann.  xliv.  336 ;  also  J.  pr.  Chem.  xiii.  516). 

The  flame  is  smaller  when  oxygen  or  nitrous  oxide  gas,  or  vapour  of  nitric  per- 
oxide, or  chlorine  gas  is  made  to  pass  into  hydrogen  gas,  than  in  the  contrary  case ; 
according  to  what  was  said  on  p.  1008,  the  contrary  might  have  been  expected.  A 
much  smaller  flame  is  produced  when  oxygen  passes  into  olefiant  gas  than  when  it  passes 
into  hydrogen.  With  olefiant  gas,  the  fiame  is  dark  within ;  then  follows  a  brilliant 
envdope,  hot  enough  to  melt  platinum ;  then,  towards  the  outside,  a  dark  vellow  flame, 
lengthening  above  and  containing  soot,  the  greater  part  of  which  remains  unburnt« 
When  oxygen  gas  is  blown  into  boiling  sulphur,  a  yellow  flame  is  produced,  dark  within, 
red  on  the  outside  and  at  the  apex :  air  gives  a  smaller  flame  than  oxygen,  dark  within, 
blue  without,  and  red  at  the  apex  (Waldie,  Phil  Mag.  [^3]  xiii  86). 

The  Blow-pipe  fiamt  is  of  the  same  character  as  those  just  mentioned,  inasmuch  as 
the  air  is  blown  into  the  middle  of  the  ascending  combustible  vapour.  The  strongest 
heat  exists  at  that  part  of  the  flame  where  the  dark  cone  of  injected  air  terminates  in 
a  bluish  vertex,  and  the  burning  envelope  which  surrounds  it  concentrates  itself  upon 
a  Hingle  point  (i.  611). 
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IIL  Causes  wMeh  modify  and  exHngttisk  CkmbusHon^ 

When  the  slow  or  rapid  combination  of  a  body  with  oxygen  has  once  been  iel  ap  by 
rlevation  of  temperature,  the  continuance  of  this  combination,  after  the  sapply  of  neat 
from  without  has  been  withdrawn,  depends  in  ^eneoral  on  the  following  conmtion :  — 
Whether  the  quantity  of  heat,  which  the  body  in  combining  with  oxygen  erolTea  in  a 
given  time,  is  equal  to  that  which,  in  the  same  time,  is  carried  away  by  surrounding 
bodies ;  and  consequently,  whether  the  body  remains  at  the  temperature  necessaiy  for 
combustion;  —  and  in  particular:  1.  On  the  difference  between  the  temperature  at 
which  the  body  will  combine  with  oxygen,  rapidly  or  slowly,  and  the  external  tem- 
perature ;  2.  On  the  quantity  of  heat  which  it  evolves  in  burning ;  3.  On  the  rarefaction 
or  condensation  of  the  oxygen  gas ;  4.  On  the  greater  or  smaller  admixture  of  foreign 
gaseous  bodies  not  contributing  towards  the  combustion ;  6.  On  the  presence  of  liquid 
or  solid  heat-conducting  bodies. 

1.  Iron  and  diamond  require  a  white  heat  to  make  them  bum  rapidly :  hence,  when 
they  are  heated  in  the  air  till  they  begin  to  bom,  the  combustion  ceases  as  soon  as  l^e 
access  of  heat  from  without  is  discontinued,  whereas  sulphur,  and  other  easily  infiam* 
mable  bodies,  continue  to  bum. 

«.  Carbonic  oxide  gas,  which  is  as  easily  inflammable  as  hydrogen,  does  not  exhibit 
rapid  combustion  after  it  has  been  rarefied  to  about  one-fouith  of  its  ordinary  dend^, 
btHmuse  it  evolves  less  heat  during  combustion.     (H.  Davy.) 

3.  A  certain  degree  of  rarefaction  prevents  the  continuance  of  combustion ;  because 
combination,  and  therefore,  also,  development  of  heat,  is  retarded  by  it  Detonating 
gas  (a  mixture  of  two  measures  of  hydrogen  gas  and  one  of  oxygen),  when  rarefied 
to  X  of  its  ordinary  density,  no  longer  explodes  by  the  electric  spark  (H.  Davy). 
Hydrogen  gas,  mixed  with  air  in  the  right  proportion,  will  not  take  fixt}  under  an 
external  pressure  of  five  inches  (G-rotthuss).  Hydrc^en  gas  issuing  firom  a  jet  into 
the  air  exhibits  rapid  combustion  under  a  fourfold  rare&ction  of  the  air,  burning  even 
with  a  larger  flame  than  before,  but  is  extinguished  when  the  density  is  reduced  to 
between  ^  and  |  of  its  ordinary  amount. 

The  burning  vapour  of  alcohol,  ether,  or  wax,  is  extinguished,  under  these  cirenm- 
st^^nces,  by  a  five  or  sixfold  rarefaction;  sulphuretted  hydrogen  by  a  sevenfold  rare- 
faction of  the  air.  Sulphur  continues  to  exhibit  rapid  combustion,  even  when  the  atr 
is  rarefied  fifteen  times;  phosphorus,  when  the  density  is  reduced  to  ^;  while  the 
easily  infiammable  variety  of  phosphoretted  hydrogen  gas  produces  a  flashing  light, 
even  in  the  best  vacuum  that  can  be  made  with  the  air-pump.  Vapour  of  ether,  in 
air  rarefied  thirty  times,  still  produces  a  feeble  flame  on  the  introduction  of  a  led-hot 
iron.  Slow  combustion  on  the  surface  of  platinum  is  exhibited  by  maiah-gaa,  down 
to  a  fourfold  rarefaction  of  the  air ;  by  carbonic  oxide,  to  sixfold ;  by  vapour  of  alcohol, 
ether,  or  wax,  to  eightfold ;  by  olefiant  gas,  to  ten  or  elevenfold ;  by  hydrogen  gas,  to 
thirteenfold ;  and  by  vapour  of  sulphur,  down  to  twentyfold  rarefaction  of  the  air. 
By  elevation  of  temperature,  the  limits  of  inflammability  are  still  further  extended ; 
so  that  detonating  gas  rarefied  eighteen  times,  and  heated  fo  redness,  exhibits  «  light 
as  if  fh)m  combustion,  on  the  passage  of  an  electric  spark.  (H.  Davy.) 

Within  certain  limits,  however,  the  rate  of  combustion  is  independent  of  the  density 
of  the  surrounding  atmosphere.  Frankland  found  that  a  steari  n  candle  bnmed  away 
at  the  same  rate  on  the  summit  of  Mont  Blanc  and  in  the  valley  of  Chamounix.  The 
brightness  of  the  flame  is,  however,  grcr.tly  diminished  by  rarefaction  of  the  air.  A  coal- 
gas  flame,  burning  in  artificially  rarefied  atmospheres,  exhibited  an  average  decrease 
of  illuminating  power  amounting  to  about  5*1  per  cent  for  each  diminution  of  1  inch 
of  mercurial  pressure.     (Proc.  Roy.  Soc  xi.  137.)  See  Flame. 

4.  Foreign  gaseous  bodies,  which  contribute  nothing  to  combustion,  absorb  a  portjcn 
of  the  heat  generated  by  the  combination,  and  reduce  the  temperature  below  the 
burning  point,  the  rapidity  of  their  action  being  proportional  to  their  quantity,  mobi- 
lity, and  capacity  for  heat  Not  only  do  bodies  in  general  burn  more  rapid!)*  in 
oxygen  gas  thian  in  atmospheric  air,  which  contains  only  one  volume  of  oxygen  to  four 
of  nitrogen ;  but  iron  and  diamond,  which,  when  once  set  on  fire,  continue  to  bum  in 
oxygen  gas,  are  immediately  extinguished  in  atmospheric  air.  In  air  fbnr  or  live 
times  compressed — which,  therefore,  contains  one  volume  of  oxygen  gas  -  eandli«, 
hydrogen  gas,  sulphur,  charcoal,  and  iron,  do  not,  in  consequence  of  the  abstmction  of 
heut  by  the  nitrogen,  bum  more  rapidly  than  they  would  in  uncompressed  air,  to 
which  I  of  a  volume  of  oxygen  had  been  added.  One  volume  of  detonating  gas  loses 
itH  power  of  taking  fire  by  the  electric  spark,  if  there  be  added  to  it  |  s  Tolmne  of 
oli^fiant  ^as,  j  of  a  volume  of  fluoride  of  sihcium,  1  volume  of  marsh-gaa,  2  volomes  of 
sulphydric  or  hydrochloric  acid  gas,  8  volumes  of  hydrogen  in  excess,  9  volumes  of 
oxygen  in  excess,  or  11  volumes  of  carbonic  oxide:  5  measures  of  aqueous  vapour  do 
not  destroy  the  inflammability  of  1  measure  of  detonating  gas  (H.  D  a  vy).  According  to 
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Hnmboldt  and  Gay-Lassac  (Gilb.  Ano.  xx.  49),  the  inflammability  of  one  volume  cf 
detonating  gas  is  destroyed  by  the  admixtore  of  5  volumes  of  oxygen,  or  47  Tolumoa 
of  hydrogen  gas.  Marsh-gas  is  no  longer  inflammable  by  the  electric  spark,  when  it 
is  mixed  with  11  measures  of  oxygen  instead  of  the  2  measures  which  it  actually 
requires  to  combine  with  it  (H.  Davy).  Coal  gas  bums  continuously  in  a  mixture 
of  1  measure  of  oxygen  and  7  of  nitrogen,  but  is  extinguished  when  the  quantity  of 
the  latter  amounts  to  8  measures ;  it  bums  in  a  mixture  of  1  measure  of  oxygen  with 
3,  but  not  with  4  measures  of  hydrochloric  acid  gas ;  with  2^,  but  not  witli  3  measures 
of  carbonic  acid :  with  2,  but  not  with  2\  measures  of  fluoride  of  silicium.  The  greater 
the  density  of  the  inactiTe  gas,  the  smaller  is  the  quantity  which  suffices  to  stop  the 
combustion ;  because  the  combustible  gas  diffuses  itself  more  readily  through  a  heavy 
than  through  a  light  gas,  and  therefore  cools  down  the  faster  (Waldie).  A  lighted 
candle  is  extinguished  in  air  to  which  |  of  its  volume  of  hydrochloric  acid  gas,  or  ^^  of 
fluoride  of  silicium,  has  been  added.  When  combustible  bodies  bum  in  a  coniined 
space,  the  relative  quantity  of  nitrogen,  &c.  becomes  increased,  partly  by  consumption 
of  oxygen,  partly  by  formation  of  gaseous  products  of  combustion,  such  as  carbonic 
acid,  sulphurous  acid,  &c. ;  and  thus  the  combustion  is  brought  to  an  end.  In  one  and 
the  same  limited  space,  a  candle  goes  out  first,  then  hydrogen  gas,  then  sulphur ;  while 
the  slow  combustion  of  phosphorus  will  go  on  as  long  as  the  smallest  quantity  of 
oxygen  remains.  (H.  Davy.) 

5.  Solid  burning  bodies  are  extinguished  when  laid  on  good-conducting  supports, 
*'  9»  glowing  coals  on  considerable  masses  of  metaL — A  mixture  of  a  combustible  gas 
and  oxygen  will  not  take  fire  in  very  narrow  tubes,  because  their  sides  cool  down  t/M> 
quickly:  this  v  the  principle  of  the  oxy-hydrogen  blow-pipe  (i.  616).     From  the 
same  cause,  the  flame  of  a  mixture  of  combustible  gases  and  common  air  is  often 
unable  to  pass  through  the  meshes  of  wire-gauze:  the  passage  of  the  flame  takes  place, 
however,  with  greater  facility,  the  lower  the  temperature  at  wliich  the  g;is  takes  fire, 
the  greater  the  heat  evolved  by  its  combustion,  the  more  quickly  it  is  forced  through' 
the  apertures  by  pressure  or  draught.,  the  wider  the  meshes,  the  smaller  the  mass  and 
specific  heat  of  the  metal  of  which  the  gauze  is  made,  and  the  higher  its  temperature. 
Above  a  certain  temperature,  all  flames  pass  through  it.    The  flame  of  a  cotton  thread 
may  be  extingubhed  by  holding  over  it,  even  at  some  distance,  a  ring  of  fine  iron  wire, 
or  a  thicker  ring  of  gloss  (Davy).      On  this  impenetrability  of  wire-gauze  by  the 
flame  of  light  carburetted  hydrogen  gas  in  coal-mines,  is  based  the  Sa/tty-lamp  of 
Sir  H.  Davy,  which  consists  essentially  of  a  common  oil-lamp  having  its  flame  sur- 
rounded by  a  cylinder  of  wire-gHUze.  When  this  lamp  is  taken  to  a  part  of  the  mine  coii- 
tnining  an  explosive  mixture  of  gas  and  air,  the  interior  of  the  cylinder  becomes  filled 
with  a  blue  fiame ;  but  this  flame  is  not  communicated  to  the  explosive  mixture  outside, 
Itecause  it  is  cooled  down  below  the  burning  temperature  in  its  pas.*'n[;e  through  the 
mpshes  of  the  gauze.     (See  the  article  Safety  Lamp,  in   t/r< '«  Dictionarif  of  Arts, 
Maniifihturcs,  and  Mines,  iii  612;  also  BonalcTt  and  Richardson' 8  Chemical  Ttchnology, 
i.  [2]  511.) 

The  same  principle  is  applied  in  many  elegant  contrivances  now  in  use  in  cheraic«il 

l:il>oratoriefl  for  burning  a  mixture  of  gas  and  air,  so  as  to  produce  a  hot  smokeless 

flame  (p.  1095),  the  mixture  of  gas  and  air  being  made  to  pass  through  a  sheet  of  wire 

gauze,  and  set  on  fire  at  the  other  »ide,  so  that  the  flame  cannot  extend  to  the  oriflce 

M' hence  the  gas  issues. 

Motion  of  the  air,  produced  by  draught  or  by  the  bellows,  accelerates  combustion 
and  increases  the  intensity  of  the  heat,  by  continually  bringing  fresh  portions  of  air 
in  contact  with  the  burning  body.  Very  rapid  motion  of  the  air  may  however  extin- 
guish combustion,  either  by  the  cooling — if  the  quantity  of  air  supplied  in  a  given 
time  is  such  that  the  burning  body  cannot  in  the  same  time  consume  the  whole  of 
its  oxygen ;  or  by  blowing  the  burning  vapour  away  from  its  source,  so  that  the  flame 
can  no  longer  communicate  with  the  fresh  matter  which  issues. 

Fire-extinguishing  suhstancis  act  either  by  cooling,  as  wafer  does, — dt  by  covering 
the  burning  body  and  thereby  impeding  the  access  of  air — as  when  a  rug  or  other  not 
easily  combustible  body  is  thrown  on  a  mass  of  light  burning  materials,  or  when  a  firo 
is  choked  with  earth  or  ashes  ;— or  lastly  by  surrounding  the  burning  mass  with  an 
atmosphere  not  containing  oxygen.  This  is  the  principle  of  PhilUps^s  Firt-aKnihiiator, 
in  which  a  mixture  of  20  pts.  charcoiil.  60  pts.  saltpetre,  and  6  pts.  gypsum,  is 
set  on  fire  by  means  of  chlorate  of  potash,  sugar,  and  sulphuric  acio,  the  heat  pro- 
duced by  the  tfombuKtion  being  made  at  the  same  time  to  convert  into  vapour  a 
quantity  of  water  contained  in  the  apparatus.  The  result  is  the  instant^tneous  pro- 
duction of  a  large  quantity  of  steam,  carbonic  acid  and  other  inactive  gases,  which  can 
ho  at  once  directed  on  the  burning  mass.  (See  Ur^s  Dictionary  of  Arts,  Manut» 
facturet,  and  Mines,  ii.  212.) 

With  regard  to  the  efficiency  of  steam  in  extinguishing  flres,  Mr.  Graham  observes 
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m  hht  **  Beport  on  the  fire  in  the  Amazon,**  already  quoted  (p.  1094^  tliat  " 
only  be  said  to  be  efficient  in  (.•xtinguishing  flame,  or  a  blaze  from  light  objects,  and 
is  not  to  be  relied  on  beyond  an  early  stage  of  a  fire.  Upon  a  mass  of  red-hot  cinden^ 
the  extinguishing  effect  of  steam  is  insensible."  The  same  is  probably  true  irith  re- 
gard to  carbonic  acid,  nitrogen,  and  other  gases. 

Method  of  dimtifshtTiff  the  inflammalnlity  of  light  fabrica.-^  Much  attention  has 
lately  been  devoted  to  the  problem  of  rendering  muslin  and  other  light  fabrics  non-in- 
flammable, with  the  yiewof  preyenting  the  terrible  accidents,  which  so  frequently  arise 
from  ladies'  dresses  coming  in  contact  with  the  flame  of  a  candle  or  the  fire  in  a 
grate.  This  object  is  attamed  by  steeping  the  fabric  in  a  saline  solution,  and  then 
drying  it  in  the  ordinary  way.  The  fibre  is  thereby  surrounded  with  a  crust  of  in- 
combustible matter,  which  prevents  it  from  taking  fire  by  momentary  contact  with  a 
burning  body,  and  causes  it,  even  if  held  in  a  flame,  to  bum  with  a  ^ow  smouldering 
combustion,  without  bursting  into  flame. 

Almost  any  salt  will  produce  this  effect,  but  the  greater  number  are  unfit  for  appli- 
cation to  articles  of  dress,  because  they  injure  the  texture,  rendering  the  fitbnc  harsh, 
and  destroying  all  its  beauty.  The  salt  which  is  found  to  answer  most  completely  all 
the  required  conditions,  is  the  neutral  tungstate  of  sodiurtu  Muslin  steeped  m  a 
solution  containing  20  per  cent,  of  this  salt  is  peifectly  non-infiammable  when  dry, 
and  the  saline  film  left  on  its  surface  is  smooth  and  oi  a  fatty  appearance  like  tale, 
and  therefore  does  not  iaterfere  with  the  process  of  ironing,  but  allows  the  hot  iron  to 
pass  smoothly  over  the  surface.  The  non-fulfilment  of  this  latter  condition  com- 
pletely prevents  the  use  of  many  other  salts —  such  as  sulphate  and  phosphate  of 
ammonium,  which  are  otherwise  efficacious  in  destroying  mflammabiHty  —  for  all 
fabrics  which  have  to  be  washed  and  ironed. 

The  use  of  the  tungstate  of  sodium  for  this  purpose  offers  but  one  difficulty,  vis.  the 
formation  of  an  acid  tungstate  of  little  solubility.  This  inconvenience  may,  however, 
be  obviated  by  the  addition  of  a  small  quantity  of  phosphoric  acid  or  phosphate  of 
sodium.  The  brat  way  of  preparing  a  solution  of  minimum  strength  for  the  purpose, 
is  to  dilute  a  concentrated  solution  of  the  neutral  tungstate  with  water  to  28^  Twaodell, 
and  then  add  3  per  cent  of  phosphate  of  sodium.  The  solution  is  found  to  keep,  and 
to  answer  its  purpose  well;  it  is  now  constantly  used  in  Her  Majesty s  laundry 
(Versmann  and  Oppenheim,  Communication  rend  before  the  British  AjBSoeiation 
at  Aberdeen,  15th  Sept  1859 ;  Pharm.  J.  Trans.  [2]  i.  385).  The  use  of  phosphate  o€ 
ammonium  for  preserving  light  fabrics  from  ignition  was  proposed,  many  years  ago,  by 
Gay-Lussac. 


COMBVABKBTBAJTS.    S^n.  with  Cohbnaxatb  of  Ethtl. 

COMBVAKZO  ACXBt  C«H»NO*+2H»0-^'^-(^^*^^')''|o  +  2H»0.     (How, 

Ed.  PhiL  Trans,  xx.  [21  225 ;  Ann.  Ch.  Pharm.  Ixxx.  65.) ~ This  acid  is  produced  by 
tJie  dehydration  of  acidcomenate  of  ammonium,  C«H«{NH*)0»-H»0«CH»NO*.  It 
may  be  prepared  by  heating  the  salt  to  199°  C.  in  a  sealed  tube,  and  precipitating 
the  aqueous  extract  with  hydrochloric  acid ;  or  better,  by  boiling  aqueous  comenie 
acid  with  excess  of  ammonia  till  nearly  all  the  ammonia  is  expelled,  collecting  on  a 
filter  the  grey  argillaceous  sediment  of  comenamate  of  ammonium  and  colouring  matter, 
and  dissolving  it  in  hot  water ;  decomposing  the  solution  with  hydrochloric  acid  not  in 
excess ;  and  purifying  the  precipitated  dark  brown  scales  of  impure  comenamie  add 
by  repeated  crystallisation  from  hot  water,  and  treatment  with  animal  charcoal  free 
firom  iron.  The  crystals  contain  2  atoms  water  (18*81  per  cent),  and  give  it  off  at 
100°  C.  They  dissolve  sparingly  in  cold,  more  freely  in  hot  water,  forming  a  solution 
which  reddens  litmus  strongly.  The  acid  dissolves  in  boiling  alcohol  of  ordinary 
strength,  but  is  nearly  insoluble  in  boiling  absolute  alcohoL 

The  acid  is  decomposed  by  boiling  with  potash,  yielding  ammonia  and  oomenate  of 
potassium.  It  dissolves  readily  in  hfdrochloric  acid  and  other  strong  mineral  acids, 
and  is  precipitated  therefrom  by  ammonia  in  quantity  rather  leas  than  sufficient  for 
saturation,  as  comenamate  of  ammonium. 

Comenamie  acid  is  monobasic,  the  normal  salts  being  C*(H^M)NO^.  There  are  also 
several  basic  salts.  The  ammonium-salt,  C*H*(NH*)NO^  forms  small  grains  made  up 
of  delicate  needles  nearly  insoluble  in  cold  water ;  their  solution  reddens  litmus.  The 
potassium-  and  sodium-salts  czyst4dlise  readily  and  redden  litmus.  The  noirmal  barium- 
salt,  Ba''(OH^N0')',  obtained  by  mixing  a  solution  of  the  crystallised  ammonimn-aalt 
with  chloride  of  barium,  forms  crystals  with  I  at.  water,  which  redden  litmus.  Ahasif 
hariuTnrsalt,  Ba''(C«H«NO«)«.Ba"H«0«  +  H«0,  is  formed,  by  mixing  chloride  of  barium 
with  an  ammoniacal  solution  of  comenamate  of  ammonium,  as  a  white  bear?  p«>e- 
cipitate,  which  gives  off  its  water  (283  per  cent.)  at  100°  C.    The  aqueous  add  \eit  in 
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font  act  with  carbonate  of  barinm  foiins  the  normal  or  the  basie  salt  aoeoiding  to  the 
rt'IatiTe  quantitied.    With  lime,  it  forma  two  salts  of  similar  constitution. 

The  ammonium-salt  forms,  with  acetate  of  Uctdy  a  heavy  insoluble  precipitate. 

Comenamic  acid  imparts  ^ferric  salts  a  deep  purple  colouring,  which  u  destroyed 
by  mineral  acids,  but  reproduced  by  water. 

The  crystallised  ammonium-salt  forms  a  grey  precipitate  with  sulphate  of  copper. 

The  ammonium-salt  super-saturated  with  ammonia  forms,  with  nitrate  of  siltfer,  a 
yellowish  flocculent,  quickly  blackening  precipitate;  and  the  crystallised  ammonium- 
salt  fonus  a  white  gelatinous  precipitate,  which  is  partially  decomposed  by  boiling 
wat^r. 

Comrnamate  of  Ethyl,  Comenamic  ether,  Comenamethane,  CEPNO*  — 
C*H'(C^H*)NO«.  (How.  Ed.  N.  PhiL  J.  i.  212,)— When  a  solution  of  comenamic  acid  in 
absolute  alcohol  is  treated  with  dry  hydrochloric  acid  gas,  and  the  liquid  subsequently 
evaporated,  there  remains  an  oil  which  dries  up  at  100^  C.  to  a  solid  mass,  and  when 
dissolved  in  alcohol,  yields  a  hydrochlorate  of  comenamic  ether,  C^H'NO'.HCl  +  H'O ; 
and  on  treating  this  compound  with  oxide  of  silver,  or  with  ammonia  (not  in  excess), 
comenamic  ether  is  obtained  in  needle-shaped  crystals  containing  1  at  wat«r,  which 
they  give  off  at  100^  C,  leaving  the  anhydrous  ether. — When  the  solid  mass  above  men- 
tioned is  treated  with  water,  comenamic  acid  remains  undissolved,  and  another  portion 
of  that  acid  separates  as  a  crystalline  powder  from  the  solution,  which  contains  hydro- 
ehloric  acid. 

The  ether  is  neutral ;  melts  to  a  yellow  liquid  when  heated ;  is  not  altered  by 
ammonia  in  the  cold;  and  is  converted  by  nitric  acid  into  oxalate  of  ammonia.  It 
diitsolves  sparingly  in  cold  water,  readily  in  hot  water  and  in  mineral  acids,  sparingly 
in  absolute  alcohol, 

A  compound  of  this  ether  with  hvdriodio  acid  is  obtained  by  heating  iodide  of 
ethyl  with  a  solution  of  comenamic  acid  in  absolute  alcohol  to  160^  C,  in  sealed  tubes. 

COMSSZC  AOZB.  C«H«0*-  ^^^'^/|o%  or  C»ff*0''  «  O*E^C^,2H0.  Pa- 

rameconic  acid.  Anhydrous  Mcconic  acid.— {Roh\qnet,  Ann.  Ch.  Phys.  [2]  IL  326; 
Uii.  428.  Liebig,  Ann.  Ch.  Pharm.  vii.  237  ;  xxvi.  116.  Stenhouse,  Pnil.  Mag. 
[3]  XXV.  196.  n.  How,  Ed.  Phil.  Tranj«.  xx.  [2]  225.  Om.  xi.  328.  Gerh.ii.  182.) 
Comenic  acid  was  discovered  in  1832,  by  Kobiquet,  who  at  first  regarded  it  as  anhy- 
drous meconic  acid ;  it  was  afterwaixis  recognised  as  a  distinct  acid  by  Liebig,  who  first 
observed  the  formation  of  carbonic  acid  which  accompanies  the  conversion  of  meconic 
into  comenic  acid.  It  is  produced:  1.  By  heating  meconic  acid  to  temperatures 
between  120°  and  220^  C,  the  change  being  attended  with  erolution  of  carbonic  anhy 
dride: 

C»H^O'  -  C«H«0»  +  CO*. 

2.  By  continued  boiling  of  meconic  acid  dissolved  in  water  or  in  hydrochloric  acid, 
likewise  with  evolution  of  carbonic  acid.    (Kobiquet) 

Preparation. — Meconic  acid  or  its  potassium  or  barium-salt,  is  boiled  with  a  stiDOg 
mineral  acid ;  or  meconate  of  calcium  is  boiled  with  highly  concentrated  hydrochloric 
acid  (Stenhouse) ;  or  acid  meconate  of  potassium,  produced  by  treating  crude  neutral 
meconate  of  calcium  with  very  dilute  hydrochloric  acid,  is  heated  with  as  much  strong 
hydrochloric  add  as  is  required  to  dissolve  it  (How),  and  the  solution  is  left  to  crystal- 
lise. When  the  mere  aqueous  solution  of  the  acid  is  boiled,  too  large  a  quantity  oi 
brown  secondary  product  is  formed.    (Kobiquet,  Liebig.) 

To  purify  the  product,  the  still  reddish  cryst^  are  dissolved  in  a  slight  excess  of  hot 
concentrated  potash ;  the  solution  is  filtered  hot  to  separate  a  small  quantity  of  lime ; 
the  white  nodules  which  form  on  cooling  are  washed  with  a  small  quantity  of  cold 
water,  till  the  strongly  coloured  mother-liquor  is  removed,  then  boiled  with  excess  of 
hydrochloric  acid;  and  the  comenic  add  which  separates  on  cooling  is  freed  from 
hydrochloric  acid  by  two  or  three  recrystallisations  from  water.  The  still  remaining 
tinge  of  red  may  be  removed  by  treatment  with  animal  charcoal  (Stenhouse).  Or, 
the  impure  acid  is  dissolved  in  a  quantity  of  boiling  ammonia  just  suificient  to  dis- 
solve it  (an  excess,  as  well  as  continued  boiling,  causes  the  liquid  to  turn  brown),  and 
fiit<«red  immediately  at  the  boiling  heat ;  the  yellow  crystals  which  separate  from  the 
dark  filtrate  when  left  at  rest,  are  washed  with  cold  water  and  recrystallised  from 
hot  water ;  their  pale-yellow  aqueous  solution  is  mixed  with  strong  hydrochloric  acid ; 
and  the  comenic  acid,  which  is  precipitated  in  the  form  of  a  white  or  pale  yellow  powder, 
is  crystallised  from  boiling  water. 

Proprrties.  —  Comenic  acid  forms  anhydrous  prisms,  lamins,  or  granules,  having  a 
very  faint  yellowish  colour,  requiring  more  than  16  pts.  of  boiling  water  to  dissolve 
them  ;  sparingly  soluble  in  hydrated  alcohol,  but  insoluble  in  absofute  alcohol 

Decompositions.  —  1.  The  acid,  when  subjected  to  dry  distillation,  behaves  like 
meconic  add  (Kobiquet).    When  comenic  (or  meconic)  acid  is  quickly  heated  in  a 
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retort,  above  the  temperature  of  200°  to  220°  C,  at  which  pyromeoonic  acid  would  h« 
formed,  but  not  till  complete  carbonisatioD  takes  place,  am  acid  yellowish  wainr 
liquid  passes  over,  having  a  faint  empyreumatie  odour ;  and  there  remains  a  bLicIdiin 
grey,  porous,  carbonaceous  mass,  from  whose  amrooniacal  solution,  after  filtration, 
hydrochloric  acid  throws  down  thick  dark  green  flakes,  which,  if  exposed  to  the  air 
after  washing  with  water,  shrink  up  to  a  subs^ce  resembling  gliznce^eoal  in  appearance, 
and  in  its  chemical  relations  agreeing  perfectly  with  metagallie  acid  (Wmckier, 
Bepert.  69,  42). — 2.  Comenic  add  suspended  in  water  through  which  a  stream  of 
ehtorine  gas  is  passed,  forms  a  solution  of  chlorocomenic  add,  which  aystailiaos  out 
after  a  while,  and  oxalic  add,  which  remains  in  solution : 

c^K)»  +  a*  -  c^»ao»  +  HCL 

The  oxalic  add  and  a  brown  colouring  matter  which  forms  during  erapontioD  most 
b«  regarded  as  secondary  products  (How).  —  3.  Similarly,  the  coburless  solution  of 
comenic  add  in  bromine-water  yields  bromocomenic  add  which  crystallises,  and  oxalic 
acid  (How). — 4.  Nitric  acicL,  even  when  very  dilute,  converts  comenic  add  into 
carbonic,  hydrocyanic,  and  oxalic  acids ;  and  if  the  nitric  add  is  tolerably  strong  and 
heated  at  the  beginning  of  the  action,  the  process  is  complete  in  a  few  minutes 
(How). — 5.  Strong  aulpkwic  acid  acts  upon  comenic  acid  in  the  same  manner  as  on 
meconic  acid.  (R o  b  i  q  u  e  t). — 6.  The  acid  dissolved  in  water  and  boiled  with  excess  of 
ammonia  till  nearly  all  the  ammonia  evaporates,  forms  a  black-red  liquid,  which,  on  cool- 
ing, deposits  impure  comenamate  of  ammonium  as  a  grey  viscid  sediment.    (How,  p.  99.) 

Co  HE  NATS  8. — Comeuic  add  is  dibasic,  forming  neutral  or  normal  salts,  C*H*linO*, 
and  acid  salts,  C*H'MO^  The  neutral  comenates  of  the  alkali-metals  cannot  be 
obtained  in  the  solid  state. 

Acid  Comenate  of  Ammonium,  C!'H*(NH^)0',  is  obtained  in  How's  process  far 
pmifying  comenic  add.  The  aqueous  acid  slightly  supersaturated  with  asunonia, 
and  evaporated  in  vacuo  over  oil  of  vitriol,  yields  four-sided  prisms  having  a  yellowish 
tinge ;  they  give  off  9*04  per  cent  (1  at)  water  at  100°  C.  (Stenhouse).  The  salt 
forms  white  square  prisms  having  a  very  strong  lustre ;  they  redden  litmus  even  when 
they  separate  on  cooling  from  a  hot  solution  of  the  acid  in  excess  of  ammonia.  They 
do  not  give  off  anything  at  177°  C,  but  at  199°,  in  a  sealed  tube,  they  melt  and  are 
converted  into  a  black  mixture  of  charcoal  and  comenamate  of  ammonium;  their 
aqueous  solution  is  also  converted  into  this  salt  by  continued  boiling  with  simmonia 
(p.  1100).     They  dissolve  readily  in  boiling  water,  spsrinprlv  in  alcohoL     (How.) 

Comenates  of  Barium,  a.  Neutral.  C«H»Ba"0»  +  H«0  (at  121°  C.).— Chloride 
of  barium  mixed  with  a  solution  of  the  acid  in  excess  of  ammonia  throws  down  imme> 
diiitely — or  in  very  dilute  solutions,  after  some  time  only — ^yellowish  quadratic  needlee 
united  in  concentric  groups.  These  crystals  do  not  lose  water  at  100°  C,  but  at  121^, 
they  give  off  19*03  per  cent,  water,  and  if  then  heated  to  redness  in  the  air,  bum 
away  in  a  fiery  cloud.  They  do  not  dissolve  in  boiling  water,  but  when  boiled  with 
it,  are  converted  into  a  basic  salt,  which  does  not  give  off  water  at  121°  C,  and  con- 
tains 54'5  per  cent  baryta.     (How.) 

&,  Acid  salt,  C'^^JI'Ba'O*"  (at  100°  C.).— The  free  acid  does  not  precipitate  barinm- 
salts  (Stenhouse).  The  salt  is  produced  when  baryta  is  boiled  with  excess  of  the 
acid.  Chloride  of  barium  mixed  with  a  cold-saturated  aqueous  solution  of  the  me- 
tallised ammonium-salt  immediately  forms  a  crystalline  precipitate,  and  with  a  more 
dilute  solution,  gradually  deposits  transparent  crystals,  whidi  give  off  thdr  20*86 
per  cent  (somewhat  more  than  3  at)  water  at  100°  C,  and  melt  at  a  stronger  heat. 
(How.) 

Comenate  of  Calcium,  o.  Neutral.  (yE^CeTO*  +  H«0  (at  121°  0.)— The  add 
eupersaturated  with  ammonia,  precipitates  from  chloride  of  calcium,  if  the  sglutione 
are  saturated,  very  short  prisms,  which  give  off  18 '20  per  cent  (|  at)  water  at  121°  C, 
and  when  the  solutions  are  dilute,  small  shining  crystals,  which  at  121°  give  off  31*37 
per  cent  {6k  at^)  water.  The  two  kinds  of  crystals  are  insoluble  in  water,  but  beeome 
basic  n^hen  boiled  with  water 

fi.  Acid  salt.  C'^H«Ca;'0»  (at  121°  C.)— A  mixture  of  chloride  of  caldum  and  acold 
saturated  aqueous  solution  of  the  crystalline  ammonia-salt,  quickly  depueite  trans- 
parent, shining,  rhombic  crystals,  which  give  off  their  water  slowly  at  100^,  but  the 
whole,  amounting  to  26' 15  per  cent  (J  at)  at  121°.  They  dissolve  readily  in  boiling 
water,  and  crystallise  therefrom  on  cooling. 

Comenate  of  Copper.  C«H«Cu"0»  +  H*0  (at  100°  C.>— The  dark  green  aqomns 
mixture  of  cupric  sulphate  and  comenic  acid  (or  the  crystallised  ammonium-salt  ac- 
cording to  How)  deposits,  after  a  few  minutes,  elongated  pyramids  having  the  col<:>ur 
of  Schweinfurt  green.    No  acid  comenate  of  copper  appears  to  exist    (Ho  v.) 

Comenates  of  Iron.  Ferric  Comenates.  Fe«0».4C«H*0*  +  3H*0,  or  [if  fr  = 
|Fel  =  /«"0.2C'»HVyO"'  +  oH-0  (at  100°  C.)— Comeuic  acid  imparts  a  bright  led 
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eoloitt  to  f«me  mIU.  The  cUrk  blood-red  mixture  of  feme  sulphate  with  a  oold- 
satan&ted  solution  of  oomenic  add  or  its  ammoniacal  salt,  becomes  paler  by  long 
standing,  and  deposits  small  pitch-black,  shining,  very  hard,  nearly  tasteless  ciystals, 
which  grate  between  the  teethii  yield  a  dark  brown  powder,  and  dissolye  slowly  both 
in  cold  and  in  hot  water,  forming  a  pale  red  solution.    (Stenhouse.)' 

The  red  mixture  of  aqueous  oomenic  acid  with  ferric  sulphate,  becomes  dark  yellow 
at  65^  G.  (and  gives  off  carbonic  acid,  according  to  How),  hy  eouTersion  of  all  the 
sesquioxide  of  iron  into  protoxide  at  the  expense  of  the  add,  part  of  which  at  first 
remains  undecomposed,  so  that  a  fresh  portion  of  ferric  sulphate  again  produces 
reddening.  This  colour,  however,  disappears  when  the  liquid  is  digested  for  twelve 
hours  with  excess  of  feme  sulphate,  in  consequence  of  the  complete  conversion  of  oo« 
menic  add  into  another  acid;  hence  the  no  longer  red  liquid  deposits  small,  pale 
yellow,  shining  crystals  of  a  ferrous  salt  ^probably  ferrous  oxalate,  as  the  liquid  eon- 
tains  oxalic  add,  according  to  How),  which  bum  away  when  heated,  and  dissolve 
sparin^y  in  water ;  the  aod  of  these  oystals  extracted  by  potash  no  longer  reddena 
wxric  fluJts.    (Stenhouse.) 

Co  men  ate  of  Lead. — The  add  and  its  ammonia-salt  form  with  neutral  acetate  of 
lead  a  ^^owish  white  granular  predpitate,  soluble  in  excess  of  comenic  add,  but  not 
in  acetic  add.    (Stenhouse.) 

A  lead-salt  examined  by  Bobiquet  contained  64*1  per  cent,  oxide  of  lead. 

Comenatea  of  Magneeium,  a.  Neutral.  (>H*Mg''0»  +  |H*0  (at  100®  C.)— 
Sulphate  of  magnedum  forms  with  the  add  saturated  wiUi  ammonia,  especially  when 
the  mixture  is  stirred,  hard,  doselv  adhering,  crystalline  grains,  consisting  of  short  mi- 
croscopic needles.  These  ciystals  heated  to  100^,  slowly  give  off  26'60  per  cent, 
f  4  aM  water ;  and  if  then  kept  at  121^  for  four  days,  they  give  off  such  a  quantity 
[nearly  }  at]  that  the  residual  salt  contains  21*30  per  cent  magnesia,  and  is  there- 
fore not  quite  anhydrous.    They  are  not  soluble  in  boiling  water.    (How.) 

3.  The  aeid  ealt,  0»*H«Mg^O"  +  HK)  (at  100®  C),  crystallises,  after  a  while,  from  a 
mixture  of  sulphate  of  magnesium  with  the  cold-saturated  solution  of  the  crystalline 
ammonia-salt  ib  small  rhombs,  and  from  more  dilute  solutions,  on  evaporation,  in 
larffer  crystals,  which  are  strongly  add,  give  off  22*08  per  cent  (3  at)  water  at  116®, 
and  dissolve  readily  in  hot  water.    (How.) 

Comenic  add  does  not  predpitate  mercuric  chloride.    (Stenhouse.) 

Comenatea  of  Potaaaium.  a.  Neutral.  C*H*K*0*.  —  The  aqueous  add  half 
neutralised  with  potash,  so  as  to  form  the  mono-potaasic  salt,  yields  no  predpitate,  but 
when  completely  neutralised,  deposita  the  sparinglv  soluble  dipotassic  salt  In  this 
respect)  comenic  acid  is  opposite  to  meconic  acid,  the  add  potasdum-salt  of  which  ia 
the  less  soluble  of  the  two.    (Bobiquet) 

fi.  Acid  aalt.  C*H*KO^ — ^The  acio^  dissolved  in  a  slight  excess  of  boiling  potash-ley, 
yields  orystalB  on  cooling,  which,  after  washing  with  cold  water,  crystalhse  fbom  hot 
water  in  shorti  square,  anhydrous  needles,  which  redden  litmus.    (Mow.) 

Comenatea  of  Silver. — ^The  neutral  aalt,  CH'Ag'O*,  is  obtained  by  exactly  pre* 
dpitating  a  solution  of  nitrate  of  silver  with  comenic  add  neutralised  with  ammonia. 
The  thi(£  yellow  precipitate  does  not  detonate  when  heated.    (Liebig.) 

The  acii  aalt,  C'H'AgO*,  is  the  predpitate  (white,  granular,  or  flocculent,  according 
to  Stenhouse)  which  the  free  add  produces  in  solution  of  nitrate  of  silver.    (Liebig.) 

Comanata  of  Sodium. — The  solution  of  the  add  in  tolerably  strong  boiling  soda- 
ley  yields,  on  cooling,  nodules  and  prisms,  which,  after  washinp;  with  a  little  cold  water, 
crystallise  from  the  smallest  posdble  quantity  of  hot  water,  in  add,  anhydrous,  four- 
sided  piiams,  containing  17*09  per  cent  soda,  and  therefore  =  C*H'NaO*.    (How.) 

Comenatea  of  Strontium. — ^The  neutral  and  add  salts  dosely  resemble  the  cor* 
responding  barium-salt)  but  are  more  soluble, 

Subatitution»derivatiwa  of  Comenic  Acid. 

BBOXOooMaNxc  AoiD.  CH'BrO*.  (How,  loo.  cit.y--Th6  colourien  soltitini  of 
eomenie  add  in  a  slight  excess  of  bromine-water  deposits,  after  a  few  hoan,  oily, 
colourless,  shining,  strongly  refracting,  fouivdded  prisms,  which  dissolve  in  water  an4 
in  alcohol  less  easily  than  chlorocomenic  add ;  they  give  off  their  water  of  crystaHisa- 
tionatlOO^C. 

The  add  is  decomposed  by  nitric  acid,  yielding  hydrobromic,  carbonic,  hydrocyanie^ 
and  oxalic  adds.    With  einc  and  water  it  decomposes  like  chlorocomenic  acid. 

Bromocomenic  is  dibadc,  like  comenic  add.  The  add  hromoeomenatea  ofammtmrnm, 
potaaaium,  and  aodium  are  erystallisable ;  the  first  erystalliaea  in  long  needles.  Tha 
neutral  salts  of  these  bases  are  not  obtainable. 

The  neutral  bromooomenatea  of  barium  and  calcium  are  amorphous  and  iasolubla} 
the  acid  ealtc  are  very  easily  soluble. 

Vou  h  4  B 
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The  lolatioii  of  the  add  in  a  dight  exoeaa  of  ammonia  yieldap  with  Ditnte  of  nlr«^ 
Deatral  bromoeomenaie  ofaUver  in  the  form  of  a  yeUow  precipitate  having  the  eoB< 
sistence  of  day  when  dij ;  and  the  solution  of  the  add  in  waim  water  forms  with 
ratrate  of  silver,  flakes  of  the  acid  aaU,  C^'AgBrO*,  whidi  eijstalliaea  from  boiling 
water  in  short  shining  prisms. 

Cblobocombhio  Acid.  CH'CIO*.  (How,  loc.  «tf.)— Obtained  by  paseing 
chlorine  throng  water  in  which  pulverised  oomenic  add  is  suspended,  waaliing  the 
crystals  which  separate  with  cold  water,  and  reetystallising  from  hot  water,<»-or  by  pasp- 
ing  chlorine  into  cold  water  saturated  with  add  oomenate  of  ammonium ;  the  liquid 
then  acquires  tiie  colour  of  chlorine-water,  and  ffiaduaUy  d^odta  aystals  of  chloro- 
comenie  add,  which  increase  on  addition  of  hycGrochlone  add,  and  may  be  purified 
as  in  the  first  pEOcesa.  The  mother-liquor  becomes  oontinnaUy  browner,  and  atill 
deponts  brown  oystab  of  the  add. 

The  oystals  are  Ioua  oolourleas,  shining,  fonr-sided  prisms,  eontaining  12*47  per 
cent  (I  at)  water,  whi<£  they  give  off  at  lOO^C.  They  dissolve  both  in  cold  and 
in  hot  water,  more  readily  than  oomenic  add ;  very  easily  in  warm  alcdioL 

The  add  melts  when  heated,  blackens,  gives  off  a  large  quantitj  of  hydrochloric 
add,  and  at  last  yields  a  small  crystalline  sublimate,  prol»bly  consisting  of  pae»> 
comenic  add.  By  nitric  add  it  is  quickly  converted  into  hydrochloric,  carbonic  by- 
drocyanie,  and  oxalic  adds.  Its  aaneous  solution,  treated  with  sine,  alowly  gives  oA 
hydrogen,  and  afterwards  contains  hydrochloric  add  and  oxide  of  sine. 

Chlorooomenic  add  is  dibasic^  forming  netUral  aalts^  CHM'CIO*,  and  add  aalii, 
C«H«MC10». 

The  ehlorooomenates  resemble  the  oomenates,  but  dissolve  more  readily  in  water. 

The  add  chlorooomenates  of  ammonium,  potassium,  and  sodium  crystallise  seadily. 
The  neutral  salts  are  not  obtainable. 

The  ammonium-salt  forms  with  chloride  of  barium  and  chloride  of  calcium,  bundles 
of  needles  which  appear  more  or  less  quickly,  according  to  the  degree  of  coneentxation ; 
with  wlphojte  of  magnesium,  it  graduallj  forms  a  frw  crystals ;  and  with  cuprie  gul^ 
phate,  immediately,  a  crystalline  predpitate.  The  neutial  chlorocomenatea  of  these 
bases  appear  to  be  all  amorphous  and  insoluble. 

The  acid  colours  ymtc  salts  deep  red,  like  oomenic  add. 

SUver^salts,  a.  Neutral. — The  acid  dissolved  in  a  slight  excess  of  ammonia  forms, 
with  nitrate  of  silver,  yellow  amorphous  flakes,  which,  after  drying,  resemble  day  in 
appearance^  consistence,  and  tenacity.  The  salt  dried  at  100°  C.  contains  56*85  per 
cent,  silver,  and  is  therefore  OHAg^ClC  When  ignited  in  the  air,  it  leaves  silver, 
together  with  a  small  quantity  of  oiloride  of  silver ;  when  boiled  with  hydrochloric 
acid,  it  remains  partlv  uudecomposed.  It  is  insoluble  in  boiling  water,  but  dissolver 
in  nitric  add,  from  which,  if  heated  with  the  salt,  it  separates  cyanide  of  sQver. 

5.  Acid. — The  warm  aaueous  add  added  to  solution  of  nitrate  of  silver  throw* 
down  feathery  cr^tals,  which,  after  washing  with  cold  water,  separate  from  boiling 
water  in  short  shining  needles.    These  crystals  give  off  4*44  per  cent  water  at  100°  C 
When  ignited,  they  leave  silver  and  chloride  of  silver. 

Etstloombxio  JlOid.  C"HK)»  «  C^\0*H»)0»  (How,  loc.  ciL\— To  prepare 
this  add,  dry  hydrochloric  add  gas  is  passed  through  absolute  alcohol  in  which  pulvensed 
oomenic  add  is  suspended,  till  the  add  dissolves,  which  takes  place  slowly ;  the  d«ar 
liquid  (which  depodts  nothing  on  addition  of  water)  is  evaporated  at  a  tempoatuiv 
below  100°  C;  the  crystalline  reddue  is  maintained  at  this  temperature,  till  it  no 
longer  smells  of  hydrochloric  acid,  and  then  left  to  crystallise  by  cooling  from  its  solu- 
tion in  water  at  nearly  100°.  Or,  pulverised  comenic  add,  heated  with  alcohol  and 
iodide  of  ethyl  in  a  dosed  vessel  to  a  temperature  above  100^,  forms  a  granular  deposit 
eonsisting  of  an  add  not  yet  examinea,  and  ethylcomenic  add,  in  needle-ahaped 
crystals,  which  maybe  separated  and  purified  by recrystalliwation.  Similar  products 
are  obtained  by  heating  a  mixture  of  comenic  add,  alcohol,  and  chloride  of  amyl  to 
150°  for  12  hours. 

The  add  forms  large  square  needles,  which  begin  to  evaporate  at  100°  C. ;  melt  at 
185°  into  a  clear  brown-red  liquid,  which  solidifies  again  in  the  crystalline  form  on 
cooling ;  and  if  kept  for  a  longer  time  at  185°,  sublime  in  long  flat  unaltered  needles, 
having  the  same  oompontion.  It  is  very  soluble  in  water  and  alcohol,  and  reddens 
litmus ;  the  aqueous  solution  coagulates  albumin. 

The  add  may  be  boiled  for  a  short  time  without  alteration,  but  if  boiled  for  a  longer 
time,  it  yidds  free  oomenic  add.  With  aqueous  solutions  of  the  fixed  aUnlia,  even 
in  the  cold,  it  very  quicklv  forms  salts,  and  yidds  free  alcohoL 

When  ammoniacal  gas  is  passed  through  a  solution  of  the  add  in  abaolute  aleobol, 
the  ammonia  salt  is  deposit^  in  yellow  silky  bandies  of  needles,  which  give  off  am* 
mooia  in  dir  air,  and  almost  completdy  in  vacuo  over  oil  of  vitriol,  iMving  ethyl* 
oomenic  add. 
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^e  acid  imparts  ft  deep  red  colour  to  ferric  salts.    Its  sUver-salt  is  gelatliioiis»  and 
decomposes  very  quickly,  even  in  the  dark. 

OPJUVTOMZra*    See  TKoxaoNxn. 


COVCSWTBATZOV.  A  process  which  has  for  its  object  to  increase  the  amount 
of  a  dissolved  substance  in  a  liquid,  relativiely  to  the  quantity  of  the  solvent,  without 
adding  any  more  of  the  dissolved  substance  itsel£  TViien  the  solvent  is  volatile,  this 
object  is  effected  by  evaporation,  as  when  water,  alcohol,  or  ether  is  expelled  firom  a 
solution  by  heat,  by  exposure  to  the  air,  or  in  vacuo.  If  the  dissolved  substance  is 
more  volatile  than  the  solvent,  the  concentration  is  effected  by  distillation,  the  more 
concentrated  liquid  beins  then  found  in  the  distillate,  as  in  the  rectification  of  hydrated 
alcohol  and  of  volatile  ous  dissolved  in  water.  In  the  case  of  aqueous  liquids,  concen- 
tration is  sometimes  effected  by  freezing  out  the  water ;  in  this  manner,  a  strong  solu- 
tion of  salt  ma^  be  obtained  fiom  sea-water ;  strong  spirit  from  vinous  liquids,  &c 

A  similar  principle  is  applied  to  the  separation  of  silver  from  lead.  The  argenti- 
ferous lead  is  melted  and  Idft  to  cool,  till  about  two-thirds  of  the  mass  is  solidified ; 
this  consists  of  nearly  pure  lead,  the  portion  which  still  remains  liquid  being  an  alloj 
richer  in  silver  than  the  original  mass.  By  repeating  this  operation  several  times,  the 
alloy  at  last  becomes  sufficiently  rich  in  silver  to  be  treated  oy  cupellation. 


An  oivanic  constituent  of  the  shells  of  certain  molluscs,  first 
observed  by  Fr^y.  It  dose^  resembles  keratin,  or  epidermose ;  does  not  vield  gelatin 
by  boiling;  with  water,  even  under  strong  pressure;  is  insoluble  in  water,  alcohol,  ether, 
acetic  aad,  dilute  mineral  acids,  and  potash-ley.  It  contains  60  per  cent,  carbon, 
6  hydrogen,  and  16  to  16*7  nitro^n,  a  composition  very  near  to  that  of  epidermose : 
whether  it  contains  sulphur  does  not  appear  to  have  been  made  out  A  similar  sub« 
stance,  but  containing  only  12  or  13  per  oent  nitrogen,  was  found  by  Schlossbocger  in 
the  byssus  of  acephalous  moUuscs. 

COWOR38TZOV8*  AMTHUkJa,  This  tenn  is  applied  to  all  deposits  in  the  animal 
body  which  are  destitute  of  distinct  organic  structure.  They  are  almost  always  of 
morbid  character,  a  few  only,  as  the  brain-sand  (the  sabulous  matter  of  the  pineal 
gland),  ^e  crystals  in  the  auditory  organs  of  most  animals,  and  in  the  vertebral 
column  of  frogs,  appearing  to  occur  in  h^thy  animals. 

Concretions  are  formed : — 1.  In  the  liquid  secretions,  as  urinary,  salivaiy,  and  biliary 
calculi,  concretions  in  the  stomach  and  intestines,  in  the  lachrymal  ducts,  the  cavity  of 
the  nose,  the  sebaceous  glands  of  the  skin  (gouty  concretions),  &c. — 2.  In  the  cellular 
tissue  of  the  organs,  as  in  the  brain,  heart,  veins,  lungs,  and  indeed  in  all  parts  of  the 
body.  These  latter  are  formed  by  the  gradual  transformation  of  other  morbid  products 
the  animal  matter  of  which  is  gradually  absorbed,  while  the  inorganic  substance 
remains,  and  is  often  increased  by  addition  of  fr«sh  deposits.  All  concretions  of  this 
kind  have  a  very  similar,  indeed  almost  identical,  constitution,  consisting  of  a  base 
sometimes  predominant,  sometimes  subordinate,  of  coa^;ulated  fibrin,  with  deposits  of 
phosphate  and  carbonate  of  calcium,  ammonio-magnesian  phosphate  and  carbonate  of 
magnesium,  in  variable  proportions.  Another  class  of  concretions  allied  to  those  last 
mentioned,  are  the  so-called  asteromatose  deposits  in  the  coatings  of  the  arteries, 
eiipeciaUy  of  the  aorta.  They  are  sometimes,  but  not  alwajrs,  associated  with  calcareous 
deposits,  and  form  layers  of  yellowish-white  colour,  and  very  slight  oonsistenoob 
They  consist  mainly  of  crystalline  deposits  of  cholesterin. 

The  essential  constituents  of  animal  concretions  are . 

Uric  add  and  its  salts. 
Xanthin  and  cvstin. 
Hippurates  and  benzoates. 
Cholesterin  and  fat 
Bile-pigment  or  cholochrome. 
Fibrin. 

Phosphate  of  calcium ;  ammonio-magnesian  phosphate ;  oxalate  of  oakinm ; 
canxmate  of  magnesium. 

The  following  substances  occur  ss  cements  or  less  essential  constituents :  urinaiy 
and  gall-bladder  mucus,  albumin,  blood-red,  the  biliary  adds,  animal  matter  of  inde- 
terminate character,  and  sometimes  soluble  salts. 

The  chemical  analysis  of  animal  concretions  must  always  be  preceded  by  an  examina- 
tion of  their  physical  stmctore.  They  are  veiy  often  made  up  of  concentric  layers  of 
substances  differing  in  chemical  constitution,  so  that  it  becomes  necessary  to  make  a 
separate  analysis  of  each  layer. 

As  respects  their  behaviour  when  heated,  concretions  are  distinguished  as — 1.  Per- 
fccth/  eombuttihle. — 2.  FartiaUti  eomhusHble. — 3.  IneomhustihU,  Thdr  spedal  chemical 
eliaracten  are  given  in  the  following  tables.    (Handw.  d.  Chem.  ii.  [2]  171.) 
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1 1 10  CONDENSATION  —  CONGLOMERATE. 


OOVBBVBATZOVa    Thifl  term,  in  its  most  general  sense,  implies  inerease  of 
density,  but  it  is  often  restricted  to  the  passage  of  a  gaa  to  the  liquid  or  solid  statei 

OOmxOBZTfl.    See  Ghondboditb. 


COWBinUUTHi  A  mineral  containing  copper  and  arsenic,  originaUy  obtained 
from  the  Condorrow  mine  near  Helstone,  in  Cornwall ;  since  found  in  the  Huel  Druid 
mine,  near  Bedruth ;  also  in  mines  at  Coquimbo  and  Copiapo,  Chili.  It  forms  amor- 
phous, roundish,  flattened  nodules,  with  flat  conchoidal  fracture,  brownish-black  colour, 
oluish-black  on  the  outer  suiface,  opaque,  dull  or  with  glimmering  lustre;  streaik  me- 
tallic ;  powder  bxownish-black ;  soft.  Specific  gravity,  4*2 — 5*2. 

Condurrite  has  been  frequently  analysed,  but  with  yeiy  Tariable  resulte ;  in  fact  it 
appears  to  be  a  mixture  resulting  from  the  alteration  of  Domeykite  (Cu'Ajb^,  and 
mainly  consisting  of  a  hydrated  cuprous  arsenite  mixed  with  small  quantities  of  man- 
ganese, sulphur,  iron,  and  silica.    (Kopp,  Handw.  d.  Chem.  ii.  [3],  173.) 

COarOlKMITlW.  a TB.  a  geological  term  applied  to  masses  of  rounded  fragments 
of  older  rbcks  held  togsther  by  a  cement ;  if|  on  me  other  hand,  the  fragments  are  for 
the  most  part  sharp-edged,  the  mass  is  called  breccia.  Conglomentes  aro  distin- 
guished as  quartzoae,  calcareous^  delomitic,  granitao^  syenitie,  &&,  according  to  tibe 
nature  of  the  oomponantfragmfints :  the  oement  maj  be  siliceons,  eakaxemts,  or  aicilla- 
oeouh 
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C^H*.  A  gaseous  hydrocarbon,  which  appears  to  haTe  been 
first  obtabftd  by  E.  Dayy  (Records  of  gen.  Sci.  Not.  1836;  Qm.  Tiii  150), 
though  in  an  impure  state,  by  the  action  of  water  on  the  bhick  substance  which 
passes  over  in  tne  preparation  of  potassium;  but  its  preparation  in  the  pure 
state,  and  indeed  the  establishment  of  its  existence  as  a  definite  compound,  is  due  to 
Berthelot  (Institut,  1869,  p.  410;  1860,  p.  665 ;  lUp.  Chim.  pure,  ii  222 ;  A«n  Cb. 
Pharm.  czr.  116),  who  obtained  it  by  passing  ethylene-gas,  or  the  vapour  of  ether, 
alcohol,  aldehyde,  or  wood-spirit,  througo  a  red-hot  tube,  and  by  the  action  of  red-hot 
copper  on  chloroform.  Ether  yields  it  in  largest  quantity,  but  by  whicheyer  of  the 
preceding  methods  it  is  produced,  it  is  always  mixed  with  a  considerable  quantity  of 
other  gases,  and  requires  to  be  purified  by  passing  the  gaseous  mixtun  into  aa 
ammoniacal  solution  of  cuprous  chloride ;  a  red  precipitate  is  then  formed  which,  when 
decomposed  by  hydrochloric  add,  yields  pure  acetylene. 

Berthelot  has  further  shown  that  acetylene  is  one  of  the  constituents  of  coal-gas,  and 
that  it  may  be  formed  by  the  direct  combination  of  carbon  and  hydrogen,  viz.  by 
passing  hydrogen  gas  oyer  charcoal,  heated  to  whiteness  by  the  passage  of  the  electno 
arc. 

Acetylene  is  also  produced :  a.  By  the  action  of  alcoholic  potash  on  monobromethy- 
lene  (toL  iL  569),  CH'Br  -  EBr  -  C*H'  (Sawitsch,  Compt.  rend.  lii.  157),  or  on 
bromide  of  monobromethylene  (C'H'Br*),  bromacetylene,  CPnBr,  being  formed  at  the 
same  time  (Beboul,  Amu  Ch.  Pharm.  cxxiv.  267). — 5.  By  passing  the  vapour  of 
monobromethylene  into  an  ammoniacal  solution  of  nitrate  of  silver,  m  which  case  a 
precipitate  is  formed  consisting  of  the  silver-compound  of  acetylene  CH'Ag*  (mora 
probably  CHAg),  which,  when  treated  with  dilute  hydrochloric  add,  yields  acetylene 
(Miasnikoff,  Ann.  Ch.  Pharm.  cxviii.  830).~^.  By  heating  monobromethylene  with 
ethylate  or  amylate  of  sodium,  the  products  being  bromide  of  sodium,  ethylic  or  amylie 
alcohol,  and  acetylene.    (S  a  wit  sen,  see  vol.  iL  p.  569.) 

C«H"Br  +  C»H"NaO  -  NaBr  +  C»ffK)  +   C«H«. 
Bromettayleso.     AmjUta  of  Amylio       Acetyleo*. 

•odium.  alcohol. 

tL  When  a  mixture  of  mazsh-gas  and  carbonic  oxide  is  passed  through  a  ifd-hot  tube. 
(Odling.) 

CH*  +  CO  -  C^«  +  H«0. 

Acetylene  is  a  colourless  gas  of  spedfic  gravity  0*92,  havinff  a  peculiar  and 
unpleasant  odour,  moderately  soluble  in  water,  not  condensed  by  cold  or  pressure.  It 
bums  with  a  very  bright  and  smoky  flame,  1  voL  acetylene  consuming  2f  vol.  oxygtn, 
and  producing  2  vol.  carbonic  anhydride.  When  mixed  with  chlorine,  it  detonates 
almost  instantly,  even  in  difi\ised  daylight,  with  separation  of  charooaL 

Acetylene  unites  with  eoppw  and  with  wUvtr^  forming  detonating  compounds, 
which  are  produced  on  passing  the  sas  into  the  ammoniacal  solutions  of  cuprous 
chloride  and  nitrate  of  silver  respectivdy.  The  copper-compound  is  red,  the  silver- 
eompound  grey ;  both  are  decomposed  by  hydrochloric  add,  with  separation  of  acetylene. 
Acetylene  mixed  with  air,  and  in  presence  of  moisture,  rapidly  attacks  metallic  copper. 
The  gas  is  absorbed  and  the  copper  becomes  coated  with  a  black  deposit  which 
explodes  violently  when  heated.  The  formation  of  this  substance  (acetylide  of  copper 
mixed  probably  with  cuprous  oxide)  is  doubtless  the  cause  of  the  dangerous  explodons 
which  sometimes  occur  in  the  cleaning  out  of  copper  gas-mains  after  long  use.  (Crovti 
Compt  rend.  Iv.  435 ;  J.  pr.  Chem.  Ixxzvii  124.) 
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Aoetyle&e  nnitei  with  ntucent  h^drooen^  and  is  oonvertod  into  ethylene  CH^  Thii 
change  is  brought  about  by  subjectu^  {he  oopper-oomponnd  of  acetylene  to  the  aetion  of 
hydrogen  evolTed  by  the  action  of  sine  on  aqueous  ammonia;  the  hydrogen  eirohred 
from  acid  liquids  does  not  produce  this  reaction. 

Acetylene  unites,  like  ethylene,  with  ^fYwrny^  ntlpMuio  add,  and  the  elements  of 
water,  forminff  with  bromine  the  compound  CEPBr",  with  sulphuric  add,  aeetyl-anl* 
phuric  acid  C*H*JPSO*,  and  with  the  elements  of  water,  acetyl -aleohol  C*H*. 
HK)  -  Cm*0.    (Berthelot) 

Jaeiyl-^ulpkurie  aeid,  CH^O\  is  produced  by  brisk  and  long-eondnued  agitation  of 
acetylene  with  strong  sulphuric  add.  If  the  liquid  be  then  cardtally  diluted,  aatnrated 
with  carbonate  of  Mrium,  and  the  filtrate  eT^ozated,  aoetyl-sulphate  of  barium  is 
obtained  in  crystals.    (Berthelot) 

Ane^  aleokol,  (?RH)  -  CH'.H.O,  is  obtained  by  distilling  and  rectifying  the 
add  liquid  just  mentioned,  as  an  easilrdeoomposible  liquid  resembling  acetone,  but 
having  an  extremely  pungent  odour.  It  is  somewhat  mora  Tolatile  than  water;  amd  is 
separated  therefrom  by  carbonate  of  potassium,  but  apparently  not  by  dilorida  of 
csldum.    (Berthelot.) 

Bromaeetylene.  CHBt.  (Reboul,  Gompt  rend.  It.  186.) — Produced  by  the 
aetion  of  alcoholic  potash  on  dibromide  of  dibromethylene : 

C*H»Br«.Bi»  -  HBr  -  Br»  -  C«HBr. 

Also,  together  with  acetylene  and  dibromethylene,  by  the  action  of  boiling  akohoHe 
potash  on  dibromide  of  monobromethylene. 

C*H^r.Bi»         -         HBr        -        C*H*Br*. 

Dtbroraethylrae. 

C*H*Br*  -         HBr        «         C*HBr. 

Bromaoetjlciie. 

C«HBr.Bi»  -  HBr  -     Bi»  =        C«H«. 

Acetylene. 

It  Is  spontaneously  inflammable,  liquefies  under  a  pressuro  of  three  atmospheres,  is 
soluble  in  water,  and  veiy  soluble  in  dibromethylene,  whereas  acetylene  is  much  less 
sdluble  in  that  liquid.    This  property  may  be  rendered  available  for  the  sepexation  of 

acetylene  and  bromaoetylene.  

It  unites  with  6rcmitn«,  forming  the  dibromide  of  bromacetylene,  CHBi*  » 

CHBr.Br*.  When  passed  into  ammoniacal  solution  of  cuprous  cnloride^  it  yields  a 
predpitato  of  cuprosacetylene,  C*H'(Cu*)''. 

2C«HBr  +  3(Cu»)''a»  =  C«H«(Cu»)'  +  Cu*Bi«  +  3Cu*a«; 

which,  when  treated  with  hydrochloric  add,  yields  e  gss  having  the  composition  and 
most  of  the  properties  of  Berthelot^s  acetylene,  but  diilering  somewhat  in  its  behaviour 
to  bromine,  with  which  it  yields  the  compound  CH'Br*,and  a  small  quantity  of  CHBr*. 

AlAT&BVa.  CH*.  This  compound,  homologous  with  acetylene,  is  produced, 
in  like  manner,  by  the  action  of  ethylato  of  sodium  on  monobromotritylene,  CH^Br. 
The  materials  aro  made  to  react  in  a  sealed  fiask,  and  on  opening  the  well- 
cooled  vessel,  a  large  quantity  of  gas  escapes,  which,  when  passed  into  an  ammo- 
niacal solution  of  cuprous  chloride,  produces  a  yeUow  predpitate.  This  predpitate 
decomposed  by  hvdrochlozic  add  yields  pure  allylene,  a  colourless  gas^  naving  ao 
unpleasant  odour,  burning  with  a  smoky  flame,  and  forming  with  mereurotu  saHU  a  datk 
ney  precipitate,  and  with  tiUver  salts  a  white  predpitato  which  detonates  when  heated. 
The  copper  compound  above  mentioned  bums  with  a  reddish  flame,  and  is  decom* 
posed  with  incandescence  by  bromine.  (Sawitsch,  Compt  rend,  lii  899 ;  Ann.  Cli. 
^harm.  czix.  18^.) 

Allylene  is  also  produced  bv  passing  the  vi^ur  of  bromotritylene  into  a  hot  eon 
eentrated  slooholic  solution  of  potash.  The  gas  thus  evolved  forms  in  ammoniaea. 
silver-solution,  a  predpitato  consisting  of  a  dark  yellow  compound,  sUffer-^t/^etyUms, 
and  a  heavier  white  compound  which  is  sUvet'Mylene,  CH^Ag*.  The  ^  evolved 
from  this  compound  by  the  action  of  hydrochloric  add,  forms  with  bromine  an  oily 
liqoid,  which  boils,  with  partial  decompodtion,  between  180^  and  200^  C,  and  has 
the  compodtion  of  a  mixture  of  CH*J3r*  and  C*H«Br«.  (Morkownikoff;  Bull. 
Soc.  Chim.  1861,  p.  90.) 

OJISZOBI.  aymM,  Gs.  Atorme  weight,  133. — A  metal  belonging  to  the  same 
BTOup  of  elements  with  lithium,  sodium,  potasdum  and  rubidium.  Its  esistenoe  was 
cetected  in  1860  bv  Kirchhoff  and  Bonsen,  by  help  of  the  method  of  spectral  analysis 
which  they  introauced  (8<Se  Spbctbum,  Sfbctral  Analysis).  The  compounds  of 
esdum  so  dosely  resemble  the  corresponding  compounds  of  potasdum  and  rubidium. 


CESIUM.  Hid 

that  no  difference  can  be  peroeiyed  between  tbem  by  ordinary  analytical  means ;  but 
in  the  ipectnim-appanitas  a  few  thousandths  of  a  miUigramme  can  eaeilj  be  detected. 
The  most  characteristie  lines  in  the  csesium-spectnim  are  two  blue  lines  Cs  a  and  Cs  fi, 
in  the  neighbourhood  of  the  strontium-line,  Sr  8 ;  they  can  be  clearly  seen,  eyen  with 
silicate  of  cssium,  and  the  name  Casium,  from  atnua,  sky-blue,  has  been  chosen  aa 
recalling  their  colour. 

CsBsium  has  not  yet  been  found,  except  in  company  with  rubidium  (see  RrBTDixrM), 
and  it  occurs  in  even  still  smaller  quantities  than  the  latter  element.  CsBsium  waa 
first  detected  in  the  Durkheim  mineral  water,  ten  kilogrammes  of  which  contain  not 

Suite  two  milligrammes  of  chloride  of  caesium.  Ereuznach  water  contains  less,  and  in 
tie  lepidolite  of  Bosena  (which  is  the  principal  source  of  rubidium^  only  insignificant 
traces  of  it  are  found.  (Kirchhoff  and  Bun  sen,  Fogg.  Ann.  cxiii.  363 ;  Jahresber. 
1861,  177.) 

The  most  abundant  source  of  it  yet  discoTered  appears  to  be  the  lepidolite  of  Hebron, 
in  Maine,  n.S.  This  mineral  occurs  there  in  la^;^  quantity  in  a  coarsely  crystalline 
granite,  associated  with  red  and  green  tourmaline  and  albite.  It  has  a  granular,  and 
at  the  same  time  foliated  crystalline  structure,  a  pale  rose  to  Tiolet  colour,  and  Tery 
clost^ly  resembles  the  lepidoUte  of  Penig,  in  Saxony,  and,  like  that,  is  also  associated 
with  he  rare  species,  amblygonite.  It  contains  rather  more  than  0'3  per  cent,  of 
cseaium,  and  as  much  rubidium  as  the  lepidolite  of  Bozena.  (O.  D.  Allen,  PhiL  Mag. 
[4]  XXV.  189.) 

Gffisium  has  also  been  found,  in  comparatirely  large  quantity,  in  the  mineral  waters  ot 
Baden-Baden  TBunsen),  Bourbonne-les-Bains,  Haute-Mame  (Grandeau,  Ann.  Ch. 
Phys.  [3]  Ixyii.  177),  in  the  aalines  of  Aussee,  and  in  the  lithium-mica  of  Zinnwald 
(Schroetter,  Wien  Akad.  Ber.  xliv.  218).  It  exists  in  •perceptible,  but  generally  very 
small,  quantities,  in  several  other  minerals,  as  triphyline  (Blake,  Sifl.  Am.  J.  [2] 
^■g-riii.  274;  Q-randeau),  carnallite  (Erdmann),  petafite  (Grandt>au),in  the  mineral 
water  of  Vichy  (Grandeau),  in  those  of  Topusco  and  Lassixy'a  (Schneider,  Wien 
Akad.  Ber.  xIt.  483),  and  in  the  salines  of  Ebensee.    (Bed ten bacher,  ibid,  xliv.  153.) 

The  separation  of  cssium  from  sodium  and  potassium  depends  upon  the  exceedingly 
slight  solubility  in  water  of  its  chloroplatinate.  In  order  to  obtain  it  pure,  it  is  preci- 
pitated, together  with  chloride  of  potassium  and  chloride  of  rubidium,  by  means  of 
chloride  of  platinum,  from  the  mother-liquor,  freed  from  eveiythtng  except  alkaline 
■alts,  obtained  by  the  evaporation  of  Durkheim  water  (Bunsen  operated  with  the 
residue  of  about  40,000  kilogrammes  of  water) ;  the  precipitate  is  boiled  with  a  very 
small  quantity  of  water,  allowed  to  settle,  and  the  still  hot  solution  decanted ;  when 
this  operation  has  been  repeated  twenty  times,  the  mixture  of  chloroplatinates  of  caesium 
and  rubidium  which  remains  undissolved  is  reduced  by  heatina  in  a  stream  of  hydrogen, 
and  the  chlorides  of  those  metals  are  extracted  from  the  residue  by  boiling  water.  To 
separate  the  rubidium,  the  chlorides  are  transformed  into  carbonates,  and  the  dry  mix- 
ture of  salta  repeatedly  exhausted  with  absolute  alcohol,  in  which  carbonate  of  csesium 
is  soluble,  but  carbonate  of  rubidium  insoluble.  As  the  carbonate  of  csesium  so  obtained 
may  still  contain  small  quantities  of  potassium  and  rubidium,  it  must,  for  com- 
plete purification,  be  treated  with  sufiicient  baiyta-water  to  render  about  four-fifths 
of  it  caustic,  evaporated  in  a  platinum  dish,  and  tiie  residue  extracted  with  the  smallest 
possible  quantity  of  alcohol,  which  dissolves  hydrate  of  caesium,  but  leaves  the  carbo- 
nates of  potassium  and  rubidium  behind.  When  this  operation  has  been  repeated 
until  the  product^  examined  in  the  spectrum-apparatus,  no  longer  gives  the  potassium 
and  rubidium  reactions,  or  gives  uiem  only  very  faintly  indeed,  the  further  treat- 
ment of  it  is  found  not  to  alter  its  equivalent  weight;  although  the  salt  thus  obtained 
is  still  a  mixture  of  the  chlorides  of  caesium  and  mbidinm,  and  not  pure  chloride  of 
caesium,  as  Bunsen  at  first  supposed  {vid.  tii/r.). 

The  following  process  is  given  by  Allen  {toe.  eit)  for  the  extraction  of  cesium  from 
the  lepidolite  of  Hebron.  Ten  parts  of  the  mineral,  pulverised  until  it  will  pass 
througn  a  sieve  of  20  holes  to  the  linear  inch,  are  mixed  with  forty  parts  of  coanely 
powdered  quicklime ;  a  ouantity  of  water  sufiicient  to  slake  the  Ume  is  next  mixed 
with  as  much  hydrochloric  acid  as  wiH  convert  from  six  to  seven  parts  of  the  lime 
into  chloride  of  calcium ;  the  two  mixtures  are  then  united,  and  stirred  vigorously 
during  the  slaking,  iirna  intimately  blending  the  mineral  with  suitable  proportions  of 
diy  hydrate  of  lime  and  chloride  of  calcium.  The  mixture  is  put  into  Hessian 
erucibles,  and  heated  to  redness  for  six  or  eight  hours  (a  shorter  time  would  jirobablv 
suffice).  During  Uie  ignition,  care  must  be  taken  to  prevent  the  heat  rising  much 
above  redness,  as  loss  would  then  occur  by  volatilisation  of  the  alkaline  chlorides,  and 
by  the  fiision  of  the  mass  and  its  consequent  absorption  into  the  crucibles.  The  pro- 
duct of  this  operation  is  detached  firom  the  crucibles,  and  boiled  with  water  till  all  but 
a  trace  of  the  chlorides  is  removed.  The  solution  thus  obtained,  containing  chloride 
of  calcium  and  alkaline  chlorides,  is  evaporated  till  crystals  begin  to  form ;  sulphurie 
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acid  10  then  added  as  long  as  snlphate  of  caldnin  separates,  excess  of  acid  being 
ayoided,  and  the  whole  mass  is  evaporated  to  diyness,  ana  strongly  heated,  to  expel  free 
hydrochloric  add.  The  residue  is  treated  with  water,  the  sm^  quantity  of  solphttte 
of  calcinm  which  passes  into  solution  is  predpitated  by  carbonate  of  ammonium,  the 
preciptate  is  filtered  oS,  and  the  filtrate  is  a^n  evaporated  to  dryness  and  ignited. 
In  this  way  a  mixture  of  the  chlorides,  containing  also  small  quantities  of  the  sulphates, 
of  sodium,  lithium,  potassium,  rubidium,  and  cssium  is  obtained,  from  which  the 
chlorides  of  the  last  two  metals  can  be  separated  by  treatment  with  bichloride  of 
platinum  as  directed  by  Bunsen. 

For  the  separation  of  caesium  from  rubidium,  Allen  recommends  the  following 
process.  The  chlorides  of  the  two  metals  are  converted  into  sulphates,  and  then  into 
carbonates,  by  medpitating  with  caustic  baiyta  and  saturating  the  solution  with 
carbonic  add.  From  the  carbonates,  the  add  tartrates  are  prepared  by  •i^<^«"g  to  the 
solution  twice  as  much  tartaric  acid  as  is  necessary  to  neutraUse  i^  and  these  salts 
can  then  be  separated  from  each  other  by  fractional  crystallisation :  add  tartrate  of 
rubidium  requires  for  solution  about  eight  times  as  much  water  as  does  add  tiirtrate 
of  ciedum,  and  therefore  crystallises  out  first,  while  the  latter  salt  accumulates  in  th« 
mother^liquors.  The  salts  of  the  two  alkalis  may  be  thus  separated  from  each  other 
so  completely  that  neither  shows  any  trace  of  the  presence  of  tne  other  when  examined 
with  the  spectroscope. 

Pure  metallic  cesium  has  not  yet  been  obtained,  but  an  amalgam  of  caesium  can 
be  eadly  procured  by  electrolysing  a  solution  of  chlbride  of  caesium,  using  mercury  as 
the  negative  pole.  GaBsium-amalgam  decomposes  water  in  the  cold,  and  when  exposed 
to  the  air,  ^ets  hot  and  covers  itself  with  a  coating  of  deliquescent  hydrate  of  caesium. 
When  caesium-amalgam  is  connected  with  potassium-amalgam  or  with  rubidium- 
amalgam  and  water,  so  as  to  form  a  galvanic  circuit,  it  shows  itself  to  be  more  elee- 
tropodtive  than  dtiier  of  them ;  caedum  is  therefore  the  most  electropodtive  element 
yet  known. 

BromoplatinatB  of  Cmsium  readily  separates,  together  with  the  rubidium-salt, 
when  dibromide  of  platinnm  is  added  to  a  dilute  solution  of  the  chlorides  of  the  two 
metals.  If  potasdum  is  present^  the  bromoplatinate  of  that  metal  is  carried  down 
likewise.    (Allen.) 

Carbonate  of  Ca$ium^  Gi^CX)'  +  aq. — Confusedly  developed  crystals,  which  raw 
an  anhydrous  sandy  powder  when  heated.  Dissolves  in  9'1  pts.  absolute  alcohol  at 
19^  C,  and  in  6  pts.  at  78*4^  C. ;  veiy  caustic ;  deliquesces  in  the  air  and  gradually 
becomes  converted  into  add  carbonate ;  dissolves  in  water  in  nearly  all  proportions 
with  the  aid  of  heat. 

Acid  carbonate  of  Caeium,  GsHCO*. — ^Tolerably  well-formed,  but  not  measur- 
able prismatic  crystals,  permanent  in  the  air,  of  a  glassy  lustre.  Beacts  hardly  alkaline ; 
by  ignition  it  is  easily  changed  into  the  neutral  salt. 

Chloride  of  Casium,  CsGL — Crystallises  in  cubes,  which  deliquesce  in  the  air 
like  chloride  of  lithium,  and  can  thereby  be  distinguished  from  chloride  of  potasdum 
or  of  rubidium.  When  gently  ignited,  diloride  of  caedum  easily  melts ;  it  is  somewhat 
volatile,  and  in  the  air  easily  b^mes  somewhat  alkaline.    (Bunsen.)    Ai^^fAing  to 


com- 


Johnson  and  Allen  pure  chloride  of  caedum  is  not  deliquescent 

Chlor  Of  latin  ate  qf  Caeinm,  2QiCLPtCl^ — ^Bright  yellow  sandy  powder, 
posed  of  smning,  transparent,  microscopic,  regular  octohedrons.  It  is  mor^  difficnlrly 
soluble  than  the  chloroplatinate  of  dther  potasdum  or  rubidium ;  the  following  tabw 
gives  the  solubility  in  100  pts.  water  of  the  three  salts,  as  determined  by  Bunsen,  the 


Temperature. 

PoUiftium-ialt. 

Rubldium-Mlt. 

Cctiam-smlt. 

ooc.    .     .     . 

0-74    , 

0184 

0*024 

10 

0-90 

0154 

0-060 

20 

112 

0141 

0*079 

80 

1-41 

0145 

0110 

40 

1-76 

0166 

0^42 

50 

217 

0-203 

0-177 

60             .        . 

2-64 

0*268 

0*213 

70            .        , 

319 

0-329 

0-261 

80 

3-79 

0-417 

0-291 

90 

4-45 

0-621 

0-832 

100 

618 

0-634 

0-377 
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inm-Balti  baTing  been  puzifled  by  the  first  process,  and  therefore  stiD  eooteiniiig  a 
little  rabidiam. 

Hydrate  of  Catium,  CsHO  +  aq. — Confosedly  OTBtallised,  deliquesoent,  exceed- 
ingly caustic.  At  a  red  heat  it  does  not  become  anhrtuouB ;  it  attacks  platinmn,  is  en- 
tirely volatile  when  heated  on  a  platinum  wire,  and  is  easily  solrble  in  aloohoL 

Nitrai$  of  Casium,  CsNO*. — Contains  no  water  of  crystallisation,  is  isomorphoui 
vxth  nitrate  of  rubidium  and  not  with  nitrate  of  potassium.  The  crystals  are  hexagonal 
prisms  combined  with  the  hexagonal  pyramid.  P  :  P  in  the  terminal  edges  ■>  142^  66'  * 
VI  the  lateral  edges  -  78°  58'.    Bates  of  axes,  1 :  «  -  1 :  07136. 

P.  odP.P2.  a>P2.0P.fP. 

The  salt  has  a  cooling  saline  taste,  like  that  of  saltpetre^  and  is  soluble  in  ten  times 
its  weight  of  water  at  3°  C.    (Bunsen.) 

Pier  ate  of  CtBaium  resembles  the  corresponding  potassium-salt.  It  cannot  be 
■eparated  from  picrate  of  rubidium  by  dystaUisation.    (Allen.) 

Sulphate  of  Cmeium^  C8'S0\  forms  anhydrous,  ill-defined,  hard  crystals,  g^uped 
together  in  bunches,  and  permanent  in  the  air.  One  part  of  the  salt  dissolres  in  0*63 
pts.  of  water  at  ~  2^  C  (1  pt.  of  sulphate  of  potassium  dissolves  in  12*6  pts.  of  water 
at  the  same  temperature.) 

Sulphate  of  csesium  forms  double  salts  with  sulphate  of  magnesium,  sulphate  of 
cobalt,  &c.,  belonging  to  the  type  K'Mgf(SO^)'  •*>  6UK),  and  is  isomorphous  with  the 
corresponding  potassium-  and  ammonium-compounds.  Cs^Co^CSO^)*  -*-  6H'0,  shows 
the  following  surfaces:  OP  .  ooP  .  +P  .  [Poo]  .  +2Poo  .  odP2.  Sulphate  of  caesium 
forms,  wiUi  sulph^te  of  aluminium,  an  alum  crystallising  in  regular  octohedrons  of  a 
glassy  lustre.    (Bunsen,  Ann.  Ch.  Pharm.  cxix.  111.) 

Acid  tartrate  of  Caeeium,  C^H^CsO*. — Colourless,  transparent,  flattened  prisms, 
which  do  not  diminish  in  weight  when  pulyeidsed  and  dried  at  100^.  One  part  of  thin 
salt  dissolves  in  1-02  pts.  of  filing  water,  or  in  10*32  pts.  of  water  at  25°  C.  (Allen.) 
The  fi^K/ra/ for^ro^  IS  very  deliquescent    (Bunsen.) 

Atofodo  weight  of  Cmgium, — The  atomic  weight  of  csesium  has  been  determined  by 
the  analvsis  of  its  chloride.  This  salt,  purified  from  chloride  of  rubidium  by  means 
of  chlonda  of  platinum  in  the  manner  already  described,  was  found  by  Bunsen  to 
eontain: — 

Cbterioe.  Csiium. 

After  the  1st  purification 22*334  77*666 

M        2nd         »  ....        22*334  77*666 

n        8rd         „  ....        22*316  77*684 

whence  he  deduced  128*4  for  the  atomic  weight  of  caesium.  Subsequent  experimenta 
by  Johnson  and  Allen  (PhiL  Mag.  [4]  xxv.  196)  have  shown  that  the  chloride  of 
cseium  used  for  these  determinations  still  contained  chloride  of  rubidium,  and  that  the 
atomic  weight  calculated  from  them  is  consequently  too  low.  Their  analyses  of 
ehloride  of  cSBsium,  prepared  from  the  acid  tartrate  purified  by  concentrating  its  solu- 
tion and  reaystallisation,  gave  the  following  results : — 

» 

CbsIubb. 
78*966 
78*969 
78*967 
78*987 

Bunsen  has  since  published  new  determinations  (Pogg.  Ann,  cxix.  1)  which  agree  veiy 
closely  with  these.  The  chloride  of  ctesium  used  for  them  was  prepared  by  the  follow- 
ing process,  from  a  mixture  of  the  chlorides  of  caasium  and  rubidium  which  had  been 
previously  completely  freed  from  potassium,  sodium,  and  lithium.  The  chlorides  were 
first  converted  into  carbonates,  and  then  a  little  more  tartaric  add  was  added  to  the 
solution  than  was  needed  to  convert  the  caesium  into  neutral  tartrate  and  the  rubidium 
into  the  acid  salt  (the  quantity  of  add  reouisite  beins  deduced  from  a  preliminary 
determination  of  the  amount  of  chlorine  in  the  mixed  chlorides).  The  liquid  was  next 
evaporated  to  dryness,  and  the  powdered  saline  mass  exposed  to  moist  air  in  a  funnel 
stopped  with  a  small  filter.  In  this  way  a  solution  of  the  very  deliquescent  tartrate  of 
osesium  was  obtained,  while  the  add  tartrate  of  rubidium  remained  as  a  solid  salt  in 
the  funnel  The  tartrate  of  caesium  was  converted  into  chloride,  precipitated  with 
bichloride  of  platinum,  the  predpitate  washed  and  decomposed  by  heating  in  a  stream 
of  hydrogen,  and  this  process  was  repeated  until  the  proportion  of  cUorine  in  tba 


CblorliM. 
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21*044 

n. 

21-031 

m. 
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IV. 
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nwiltiiig  diloridB  of  eanam  iid  not  alter  tny  longer.  The  product  so  prepared 
gare— 

ChlorlBe.  Ctnhm. 

After  the  4tli  porification,       •        •        •        •        211)67  78*943 

„        6th  „  ....        21*046  78-966 

M        6th  „  ....        21-062  78-948 

Taking  Ag^  107*94  and  CI » 86*46  (Staa),  the  mean  of  Johnaon  and  Alien**  oKperi- 
menta  giyea  138-03  for  the  atomic  weiffht  of  eseaium,  while  the  mean  of  Bnnsen'a  most 
recent  ezperimenta  giyea  132*99,  ao  &at  we  may  take  Cb»  133*0  aa  being  ytrj  near 
the  tmth. 

On  the  spectrom  of  cseainm,  see  Johnaon  and  Allen  (PhiL  Mag.  [4]  zzr.  199\  and 
Bnnaen  (Pogg*  Ann.  cxiz.  6).---G.  C.  F. 
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Amarine-salts 182 

Diethylaraarine       ...... 

Trinilramarine        .       •       •       •      — 

Amarone .- 

Amar}-1 168 

Amarythrine .- 

Amasatin .- 

Amausite .-. 

Amazon-stone        ......_ 

Amber 

Ambergris 164 

Amblygonite ~. 

Ambrein 165 

Amethanes     ........ 

Amethyst — 

AmianthoTd  (s.  Hornblende)  .       .      .- 

Amianthus  (s.  Asbestos,  p.  416). 

Amic  acids — 

Amides  .......    168 

Monamides 169 

Diaraides 172 

Triamides 178 

Amines : 

Monamines .- 

Diamines         .....    176 

Triamines 177 

Tetramines  and  Pentaminea   .        .      — 
Phoephines,  Arsmes,  Stibines .        •    178 
Alkalamides : 

Monalkalamides      ...... 

Dialkalamides 180 

Trialkalamides  .  .181 

Amidin  (s.  Starch). 
Amidogen  (s.  Amides,  p.  168). 
Amidone(s  Starch). 
Ammelide,  Ammeiine  (a.  Melam). 

Amuiiolite 182 

Ammonia  ....... 

History,  Sources,  Fomistion   .        .      — 
Preparation,  Properties,  Decomposi  • 

tions 183 

Combinations : 

1.  With  water :  ul^tieota  .^Mmonta.    184 

2.  With  alcohol       ....    187 
8.  With  meUUic  salts     .... 

4.  With  adds 

6.  With  polybasic  anh^'drides  •       .      -»• 

Ammoniacal  salts,  or  Ammonium-salts  .    187 
Reactionsof  Ammonium  salts.       .      — 
Separation  and  Estimation  of  Am- 
monium  
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Ammoniacal  8a1U;  Aeetftteti       •       .  190 

Carboiuites      ...               .  — 

Chloride 191 

Hvdnte .192 

Nitrata _ 

Oxalates.       .       •       •       .       .  — 

Phosphates 193 

Sulphates — 

Salphides        ....._ 

Aromonmm    ....••  194 
Ammoniam-amalgain  (p.  186). 

Amnaoniam-baaes — 

Poljammoninm-bases     .       .       .  196 

•  Ammoniafn-bases  containing  metals  198 
Amniotic  liquid  (p.  128). 

Amoibite 199 

Amorphism — 

Ampelicadd 201 

Ampelin ^ 

Amphibole  (s.  Hornblende). 

Amphid  salts — 

Amphigene  (s.  Leudte) .        .       .       .  — 

Amphiloffite  ^a.  Didrimite)    ...  — 

Amygdalic  acid — 

Amygdalin — 

Amyl 202 

'Bromide  of  Amyl    ....  — 

Chloride 208 

Cyanide  .       .       .       ...       .  — 

Hydrate  of  Amyl    ....  — 

Amylic  alcohol        ....  — 

Hydride  of  Amyl    ....  204 

Iodide  of  Amyl       ....  205 

Oxide  of  Emyl :  AmyHe  ether        .  — 

Oxide  of  Amyl  and  Ethyl       .       .  _ 

Methyl  ^- 

Potassiom        .  •^ 

Sodinm    .       .  — 

Sulphides  of  Amyl : 

Protosnlphide  and  Disnlphide     •  — 

Sulphide  of  Amyl  and  Hydrogen : 

Amul  meree^ptan        .        .        .  — 
Sulphide  of  Carbonyl,  Amyl,  and 

Hydrogen :  Amyl-xanihie  acid  206 

Dioxysttlphocarbonate  of  Amyl  .  — • 

Tellttride  or  Amyl  ....  — 

Amylamines : 

Amylamine — 

Salts  of  Amylamine     .        .        .207 

Amylsulphocarbonate  of  Amylinm  — 

Diamylamine  .....  — 

Triamylaroine         .       •       •       .  — 

Tetramylium — 

Amylates  (p.  205). 

Amylene 208 

Acetate  of  Amylene        ...  — 

Bromide — 

Hydrate — 

Nitrrlide — 

Oxide 209 

Amylene  with  Sulphur  and  Chlo- 
rine: 

Dichlorosniphide  of  Amylene  — 

Disulphochloride  of  Amylene      .  — 
Amylene  with  Sulphur  and  Oxygen : 

Disulphoxide  of  amylene  — 

Ajiacardic  add — 

Analcime 210 

'Analysis,  Inorganic : 

rreliminanr  examination  .218 

Solution  of  solid  bodies .  214 

Qualitatiye  analysis  of  solutions   .  216 

Examination  fbr  metals  ...  — 

Examination  for  adds    .       •        .  222 


Analysis,  Inoiganic: 

QuantitatTye  analysis  x 

Indirect  method  ....  294 

Anal^is,  Organic 226 

I.  Elementary  or  ultimate  analysia : 

Qualitatiye  analysis        .       .       .  ^ 
Quantitatiye  analysis : 

Apparatus  and  materials   .  226 
Preparation  of  the  substance  for 

analysis 281 

Estimation  of  Carbon  and  Hydrogen : 

In  solids  not  containing  nitrogen  282 

In  liquids 286 

Modifications  in  the   ease  of 

bodies  containing  nitrogen  .  287 
Modifications  in  the  case  of  bo* 
dies  containing  sulphur,  chlo- 
rine, bromine,iodine,  or  metals  288 
Amount  of  error  in  the  estima- 
tion of  carbon  and  bydrof^en  — 
Estimation  of  Oxygen ...  — 
Estimation  of  Nitrogen : 
Liebig's  comparatiye  method  ,  289 
Bunsen*8  oomparstiye  method  240 
Dnmas's  absolute  method  242 
Simpson's         ....  245 
Will  and  Varrentrapp's    .        .  244 
Estimation  of  Chlorine        .        .  246 
Estitnation  of  Sulphur         .        .  247 
Estimation  of  Phosphorus  .        .  — 
Determination  of  the  chemical 
formula  of  an  organic  compound  248 
IL  Proximate  organic  analysis  .       .  249 
Examination  of  animal  snbatancet ; 
Zooehendeal  tuuUjfn*    .  250 
Analysis  (yolumetric)  of  Liquldaattd 
Solids: 

I.  Apparatus 254 

II.  Preparation  of  Standard  solutions  257 
UI.  Description  of  Yolumetric  pro- 

ces-^es: 

1.  Analysis  by  Predpitation  .        .  259 

2.  Analysis  by  Saturation       .        .  261 
Addimetry  and  Alkalimetry       .  262 

8.  Analysis  by  Oxidation  and  Be- 

dnctien     .....— 

a.  With  Permanganic  add  .       .  268 

5.  With  Iodine     ....  264 

Analysis  (Volumetric)  of  Gases     .        .  268 

Bunsen's  apparatus         ...  — 

Williamson  and  Russell's  apparatus  274 

Regnault  and  Reiset's  appsiraloa     .  275 

Frankland  and  Ward's  apparatus  .  279 

Estimation  of  gases  directly  or  by 

absorption 281 

Estimation  of  gases  indiiectljor  by 

combustion         ....  284 
Analysis  Zoochemical  (p.  250). 

Anamirtin 289 

Anamirticadd       •       .       .       .  — 

Ananas,  oil  of — 

Anataae — 

Anatta  (a.  Annotto). 

Anauxite •« 

Anchoic  add  ........ 

Anchoates 290 

Anehusm  or  Anchndc  add    ...  — 

Andalnsite 291 

Andaquieswax ^ 

Andesin «  .— 

Andredite  (s.  Harmotome). 
Anemonin       ..,,,.— 

Anemonic  add        •       •       •       •  — 
Angelica  balsam    •       •       •       •       . 
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Angelic  icfd 292 

AngvlatM 298 

Angelic  anliTdiid*  ....     — 

Angelicin       ••••..— 

Anglarite.— Anglarito   .       .       .       .      — 

Angustnrine -» 

Anhydridea    ...,«..». 

Anhydrite 295 

Anil ~ 

AniUmic  tdd  (s.  Phenylamie  add)      .     •» 

Anilides  (a,  Phenjlamides). 

Aniline  (a.  PhenyUunine). 

Animtf  resin    .       .       .  ,     .       ,       .      -» 

Animine.       .       .       .  '     .       .        .    296 

Anion     .......<— 

Anieel  (b.  Hydride  of  Anleyl,  p.  807). 

Aniaemic  acid — 

Aniaamide      ......    297 

Aniaaminea — 

Aniaanilide  (a.  Phenylanlaamide)  — > 

Aniae,  oil  of 

Oil  of  aniae  and  oil  of  ftnnel 

Oil  of  tarragon    ....    299 

Bitter  fennel 

Aniahydramide 

Aniaic  add 800 

Aniaalea  (meUdlic) . 

Aniaic  ethera  .....    801 

Broroaniaic  add 

Chloraniaic  add      ....    802 

Nitraniaic  add 

Trinitraniaic  add    .       ...    808 

Solphaniaic  add      . 
Aniaic  alcohol 
Aniaic  anhydride   . 
Aniaidine 804 

Nitranlaidine  . 

Dinitraniaidine 

Aniaine  (a.  Aniabydramida). 

Aniaoic  add    . 

Aniaoin  (a.  Aniae,  oil  ol). 

Aniaol 806 

Cblor-  and  Bmn-aniad 

Mitraniaol       • 
Di*  and  tri-nitranlaol  .       •       •    806 
Anianlmin 

Anianric  acid .  .  . 
Aniayl    .... 

Bromide  of  Aniajl  . 

Chloride  . 

Hydride  .  •       .       •       •    807 

Ankente.-— Annabai|;itt 
Annealing  .  •  • 
Annotto         .        •        • 

Anode 808 

Anorthite       .       •       • 
Anotto  (a.  Annotto)i 
Anoxoluin      .       .       , 

Anthokirrin 809 

Aiitbokyan  or  Cyanin    . 

Antholeucin   . 

Anthophyllite  (a.  Homb]«nde> 

Anthiwiderite 

Anthozanthin        .       , 

Ai.thracene    or    Anthnda    (jl  Paim^ 

naphthalin). 
Anthracite     .       .       .        , 
Antbraoolite  or  Anthraoonita 
Anthracoxene 
Anthranilic   add    (a.   Phenylcarbamic 

Add,  p.  761> 
Antbropin      ....••    810 
Antiarin 

Voi^I. 


PAOR 

Antiarreain   .....  810 

Antichlor ^ 

Antico.oriatic  theory  (a.  Chlorine)  . 

Antigorite Bit 

Antimonatea  (a.  Antimony,  Oxidea  of, 

p.  826}. 
Antimonial  Copper  (a.  Copper,  Sulpbiilea 

of). 
Antimonial  copper  glance      .       .       .      «» 
Antimonial  crocna  (a.  Antimony,  Oxy- 

aulphideof  ). 
Antimonial    lead-orea    (a.  Lead,   Snl- 

phidea  of). 
Antimonial     nickel     and     antimonial 
ailrer,  (a.  Antimony,  Alloya  of, 
p.  816). 
Antimonial  anlphide  of  ailTer  (a.  SiWer, 
Solphlde  of). 

Antimonite — . 

Antimonitea  (a.  Antimony,  Ozidea  of. 

p.  828). 
Antimony  .  •  #     •       •      — 

Hiatofy,  Sonrcea,  Preparation  — 

Purification 818 

TeaU  for  impnritiea        .  .814 

Propertiea 816 

Amorphona  antimony     ...      — 
Antimony,  Alloy|  of      .       .       .       .816 

Antimony  Bloom 817 

Antimony,  Bromide  of  .       •       .       ,      — 
Antimony,  Chloridea  of* 

Trichloride 

Pentachloride 818 

Antimony,  Detection  and  eatimation  of: 

1.  Blowpipe  reactiona        ...      — 

2.  Liquid  reactiona     .       •       .       ,819 
8.  Qnantitatiye  eatimation .       .       .    820 

Atomic  weight  of  antimony  .        .821 

Yalnation  of  antimony  orea    .        .  — 
4.  Separation  of  antimony  from  other 

metala  ...••,-. 

Antimony,  Fluoride  of  .       .       .       .  822 
Antlmony-glaaa  (a.  Antimony,  OxyanI* 

phide  of,  p.  828\ 

Antimony,  Hydride  of  .        .        .        .  — 
Antimony,  Ores  of  (pp.  811,  821). 
Antimony,  Oxidea  of; 

Trioxide  or  Antlmoniona  oxide      .  828 
Tetroxide  or  Antimonoao-antimonlc 

oxide 824 

Pentoxide,  Antimonic  oxide^  or  an- 
hydride         — . 

Antimonatea  and  Hetantimonatea  •  826 

Antimony,  Oxychloride  of    .       .       .  827 

Antimony,  Oxyidide  of .       •       .       .  828 

Antimony,  Oxyanlphide  of    .       .       .  .— 

Antimony,  Selenide  of  .       .       .       .  — 

Antimony,  Snlphidea  of       .        .       .  829 

Trisulphide,  Antlmoniona  anlphide^ 

or  Snlphantimoniona  Anhydride  •^ 

1.  CryaUlliaed          .       .       .  ^ 

9.  Amorphotm:  Mineral  Kkrmn  830 

Hydrated  trisulphide    .       .  8A1 

Salphantimonitca     .        ,  884 

Pentaaulphide  of  antimony, 

Antimonic  anlphide  or  8nl« 

hantirponie  anhydride  — 

■                  ,        .  835 

.  888 


Sulphantimonatea 


Antimony,  Snlphochloride  of 

Antimony,  Sulphiodide  of     .       .       .  ..« 

AntimonV-radidea,  Organic  .                .  889 

Antimonidea  of  Amyl  or  Stibamrla  — 

Stibdiamyl  .       .       .       .       .  8i0 

Stib-triamyt  or  Triamyl-itiMne .  ^ 

0 
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Antiiaonides  of  Etbyl  or  StibethyU: 

StibtriethylorTriethyUtibino  841 
Stibethyliiun   or  TetrathylsUbo-. 

niam 844 

AntimonidM  of  Methyl   or  Stib- 

methrli    ....  — 

Stibtrimethyl  or  Triethjlstibine  — 

StibpenUunethyl          .               .  845 
Stibmethyliam   or  Tetrmmothyl- 

stiboolam         ....  — 

Stibtrimethyltriethylinm    .        .  847 

StibriieChTltriethyliiim  — 

A  ntiphlogistic  theory  (t.  Combustion)  .  848 

Antirrhin  (a.  Anthokimii,  p.  809). 

AntifThiiiic  ftcid     .....  — 

Antieeptics — 

Antitartaric  add — 

Antrimolite — 

Ants,  oil  of — 

Aniyrrhinic  add    ...               .  — 
An3'la]Blde  (s.  Salicylamide). 

Apatelite — 

Apatite  .       . ' — 

Apatold 849 

Apelaic  aad  (a.  Aaelaic  Add). 

Aphaoeeite  (a.  Abichitei  p.  1). 

Aphanite  (a.  Diorite) 

Aphlogiatic  lamp  (p.  74). 

Aphrite  ....*...  849 

Aphrisite  (a.  Tourmaline). 

Aphrodite       ...              .       .  — 

Aphronitnim  •••...— 

Apbrosiderite .       .        •       •       .       .  — 

Aphtaloae  (a^  Aicanite). 

Aphtonite — 

Apiin 860 

Apioa  tnberoaa       ••.••  — 

Apirin  or  Apjrin — 

Apjohnite. — ^Aplite        .       .       •       •  ^ 
Aplome  (a.  Garnet). 
Apogladc  add  (a.  Glodc  Add\ 
Apocrenic  add  (a.  Homie  Add). 

Apophyllic  add      •       •       •     .  •       •  — > 

ApophylUte 851 

Aporetin 858 

Apoaepidin — 

Apothem — 

Applea — 

Apple-tree — 

Apple-oil  (artifidal)      .        .        .       •  — 
Apyrin  (a.  Apirin,  p.  850). 
Apyrite  (a.  Toormaline). 

Aquafortia — 

Aquamarine  (a.  Beryl,  p.  581). 

Aqua-regia  or  regie        .        .        .       •  ^ 

Aquayita — 

Aqoila  alba,  mitigate,  ealeatii,  memnll.  — 

Arabic  (gum) — 

Arabin  ,.•...— 

Arachidioacid 858 

Arachidatea — 

Aradiin  ......  — 

Arachia  hypogaa — 

Arachyl. 854 

Araometer  (a.  Hydrometer)* 

Aneoxene      .    ^ — 

Arbol-a-brea  rerin         .        .        .       .  — 

Amvrin,  Bre!din,  Brdn,  Bnroldin  .  — 

Arbor  D'iana,  Martia,  Satnmi.  ftc.  — 

Arbatin ^ 

Anranite  (a.  Glaaerite). 

Ardiil     ..••,••  855 

Arctisite  (&  Wemerite). 

Aivtoatapbylos  Uya  Urd       .       •       .856 


Arctavin 


Mm 

.    85« 


857 


CSMB    of 


nnta     .....       • 
Arendalite  (a.  EpidoU). 

Arethaae 

Arfwedaonite 

ArgalorArgol       •       .       .        •        • 
Argentan        ...... 

Argentammoniun 

Argentine 

Argentine  flowera  of  antimony  • 

Argentite  (a.  Silyer-glance\ 
Argillaceoua  earth  (a.  Alumina  and  Clay). 
Argyritea.^ — ^Argyroee     . 
Arichae  ...*.. 
Aristolochia  Clematitis 

Serpentaria 
Arkannte  (a.  Brookite,  p.  681) 
Arki  (a.  Ana). 
Arkoae    . 
Armenian  atone 
Arnica,  oil  of. 
Amidne 

AfpfdeUte.— Arqnerilt 
Arrack   . 
Arragonite 
Arrow-root     • 
Araa 
Aiaenic: 

Hiatory 

Occnrrenois  prepumtion,  propeitiea 

Detection  and  eatimation  .* 
Beactions  in  the  dry  way    . 
Reactions  in  the  wet  way    . 
«.  Of  araeniooacompoandB 
fi.  Of  arsenic  compounds 

Detection    of   araenic  in 
poisoning    .... 

Qnantitatiye  estimation  of  araenle 

Atomic  weight  of  arsenic 

Separation  mm  other  dements 

Valuation  of  arsenic  ores 
Arsenic,  Alloys  of  .       .       •       • 
Arsenic,  Bromide  of       .  . 

Arsenic,  Chloride  of  .  •  . 
Ammonio -chloride  •  • 
Arsenic  Fluoride  of  .  .  • 
Arsenic,  Hydride  of  .  •  . 
Arwnic,  Dihydride  ... 
Arsenu^  Trih'ydride,  Arsenetted  Hydrogen, 

or  Areenamine 
Araenic  glass,  (see  Arsenic,  Sulphidsa 

of) 

Arsenic,  Iodide  of  . 
Arsenic,  Liyer  of  (a.  Sulphuraenltea) 
Araenic,  Orea  of  Tpp.  880,  870). 
Arsenic  Oxides  m. 

Trioxide,  Arssnions  oxide  or  aiihy« 

dride 

Arsenites         ..... 

Pentoxide  of  Arsenic,  AiwbIc  oxide 

or  anhydride       .... 

Arsenates 

Arsenic,  Oxybromide  of        .       .        . 
Arsenic,  Ox}-chIoride  of         •       .        .      — 
Arsenic,  Oxyiodide  of   .        .       .       .      «- 
Arsenic^  Oxysalphide  of  (see  Snlphoz- 

arsenate  of  potassium,  p.  885). 
Arsenic,  Sulphides  of: 

Disnlphide  or  HyposnlpharKuiona 

add 886 

Hypoenlpharsenites        .       ,       .    8&7 
Trisnlphlde,  Arsenious  solphide,  or 

Sulpharsenions  acid     .       .       «     -i» 
Sulpharsenites 


851 


860 
861 


99$ 

8>5 

867 


870 

m 


87) 


878 
874 

878 
879 
885 
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PenUfulphlde,  Anenlc  lolphide,  or 
Salpbanenic  add        .       .        .    891 
Solphaneoates        ...     — 
cobalt,  ooppor,  iron,  &c  (a. 
the  aereral  metau). 
Amnical  pyrites  (a.  Iron,  Aiaenidea  of: 
Araenical  pyrophoma     ....    896 
Araanic-rauclea,  Organic      ...      — 
Araenidea  of  AlijI   ....    897 
Araenidea  of  Amyl  .       .       •       .      — 
Araenidea  of  Ethyl  ....     — 

Araenethyl — 

Arwndiethyl  or  Eth^l-cacodyl    .      — 
AraendiethTlic  acid .       .        .    898 
Araentrietbyf  or  Triethylaraioa  .      — 
Arsenethylium  or  TetrethyUiao- 

niom 899 

Araen-bromethyl-triethyliom      .    400 
Araenvinyl-triethylinm  — 

Ethylene-hezetbyl-diaraoninm         — 
Ethylene-triethyl-araammoniam.      — 
Aararaenethyliam  and  PUtaiaen- 
etbyliom  ..••—> 

Araenidea  of  Methyl       ...      — 
AraenmethTlfOrAraenmonoinethyl  401 
Dichloride,  tetrachloride,  chloro- 
bromide,  iodide,  di-iodide,  and 
oxide  of  araenmetbyL  — 

Araenmetbvlic  acid  .  .  •  402 
Sulphide  of  Araenmethyl 
Araendimetbyl,  or  Cacodyl  .  .  4051 
Bromide  of  Caoodyl.  .  .  406 
Chloride,  oxychloride,  cbloro 
cnprite,  and  chloropUtinate 
ofcacodyl 
Chloride  of  Cacoplatyl  . 
Trichloride  of  Cacodyl  .  .  406 
Dibromocblride  of  Cacodyl 
(>ranide  of  Cacodrl . 
Flaoride  and  Iodide  of  Cacodyl  407 
Oxide  of  Cacodyl  . 
Dioxide  .... 
Caoodylic  acid  .  • 
Cacodylatea  ....  408 
Selenide  of  cacodyl  ...  — 
Solpbide  of  caoodyl.  .  .  409 
Dianlphide 
Snlpbocacodvlic  add 
Arventrimethyi  and  Araenmethy 

Uhb  .       •       •       .       . 

Araendlmethyl-diethTlJiim  .       .410 

Araentrimethyl-ethyliom    .       .    411 

Araenmethyl-triethylJnm    . 

Araendimethyl-diainylium  . 

Arsenide  of  Tetryl  .        .        .        .412 

Arsenide  of  Trityl  .       •       • 

Aiaeniodderite       .... 

Araenite,  or  ArsenoUta   . 

Arsenomelane  (a.  Dnfrenoyaite)    . 

Araenosiderite        .... 

ArsenpbylUte         .... 

Arsidogen       .        .       •       •       • 

Arthanitin,orCyclAinin.       • 

Artichokfl       •       •       •       •       • 

Artocarpns  inciaa  .... 

Aram  escolentum  .... 

Arum  macttiatum  .... 

Arando  pbragmitaa        .       .       • 

Afla  dnlcia 

AsafoBtida 

Aftiirin,  or  Aaarona         •  .    414 

Asarite  ...••• 
Axurum-oil  •  •  •  •  . 
Asbestos. — ^Asbolan        •       •       •       •    416 


l*AOB 

Asboline 416 

Asclepiadin 416 

Aaclepione — 

Aah  of  Organic  Bodiea: 

Conatitnenta — 

Preparation 417 

AnalvsiB 419 

Aah,  Volcanic 420 

Asparagine 421 

Aaparagolite  ...•••  42t 

Asparagus  officinalla      .       .       •       .  — 

Aaparamide  (a.  Asparagine)  .               •  «- 

Asparamic  acid  (a.  Aapartic  Add)        *  *- 

Aapartic  add — 

Active  and  inactive  aapartic  acid    .  428 
Componnda  of  aapartic  acid  with 

other  adda — 

Aapartatea 424 

Aapaaiolite 426 

Aapertannic  add — 

Asperula  odorata — 

Asphalt — 

AihphalUne,  Petrolena,  Aap^tH>iI  426 

Aaphalt,  artiiidal    ....  427 

Aapboddna — 

Aspirator — 

AssacoQ,  or  Uaaaoon       •       .       •       •  428 

Assamar         .•••••  — 

Aster  tripolinm 429 

Aatracamite — 

Astralite         .••••••« 

Astrophyllite — 

Atoounite — 

Athamanta  oreoaalinnm         •       •       •  480 

Athamantin — 

Athanor,  or  Acanor        .       •       •       •  — 

Atbar,  or  Attar — 

AtheriaatiU — 

Atlas  ore  (a.  Malachite)         ...  — 

Atlaa  spar  (s.  Satin  apar)       .    '  .       •  — 

Atmerytbrin 481 

Atmidoecope  ...«•.  — 

Atmoapbere — 

Pbyaical  propertiea         .       •       •  — 

Chemical  compoaition             .       .  484 
Eatimation  of  Oxygen  and  Nitrogen 

in  the  air 486 

Eatimation  of  Aqueooa  yaponr       .  487 

Carbonic  acid   .       .  — 

Ammonia         .       .  489 

Organic  matter        .  — 

Atomic  Yolame 440 

of  Gaaea                       .  441 

Elementary  bodiea  in 

theliquidandsolidatate  442 

Liquid  componnda     .  448 

Solid  componnda       .  449 

Atomic  Wdgbta 450 

Determination  of  Atomic  weighta 

by  chemical  conaiderationa          .  457 

Atomic  weight  of  Carbon               .  469 

Nitrogen     .       .  460 

Oxygen      .        .  461 

Chlorine     .       .  468 

Table  of  Atomic  weigbu        •       .  466 

Determination  of  Atomic  weighta 

by  phraica]  considerations  .       •  466 

From  the  combining  yolnmea 

of  gases  and  vapours    .       .  •— 
From  the  specific  heata  of  ele- 
mentary atoma     .        .        .470 
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Atripl«x  verrocMeni      •       .       .      • 

Atroptc  acid 

Atropine         ..••.• 

An^te,  or  Pyroxene      .... 

Aagustite. — Aurade       .... 

Aurantiin  (%.  Hesperidin) 

Aararaenethyliom     (e.     Areenidea    of 
Methyl,  p.  400). — Anrichaldte  . 

Aurotellurite. — Antomalite    • 

Auram  moeaicnm  or  muaiYiiiii  • 

Automolite  («.  Gabnite) 

Aotanite. — Avenin         .       .       •       • 

Aventnrin 

Aventurin  ;lau      ... 

Aventnrin  glaze 

Avignon,  graina  of  (n,  Telloir  Berriea)  . 

Axe-stone      ...... 

Axinite 

Asadiiine 

Aaelak  add 

Asobeniene 

Axobenail     ^ 

Aaobenaoido 

Aaobenaoidine 

Azobensoilide 

Asobenzoyl 

Hydride  of  (e.  Hydrobenzamide)    . 

Aaodnnaroyl,  hydride  of  {%.  Cinnamyl) 

Axocodeine  (a.  Codeine) .... 

Asodifnne         ... 

Asoervthrin  fa.  On-ein\ 

Aioleic  add  (a.  (Enanthylic  Add) 

AcolithofeUie  add  (a.  Uthofellic  Acid) . 

AsoUtmln  (a.  litmus)    .... 

Asomaric  acid  (a.  Pimaric  Add)   . 

Aaophenyiamine 

Aiorite 

Asosnlphide  of  Benaene  (§,  Bensoyl- 
hydride,  p.  668) 

Aaote  (i.  Nitrogen)       .       .       •       • 

Axotan 

Aaotidea  (a.  Mitridea)    .       .       •       • 

Asoxvbeniene 

l^itraaoxybeniene  .       •       •       • 
laonitrasoxybonaene  • 

Aaoxydifhne  .••••• 

Aiulmic  add 

Asnre  bine  (a.  Smalt)    .... 

Aanre-atoae   )  (a.  CarbonatM  of  Copper, 

Asnrito  j      p.  788).      . 
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Bablah,  or  Neb-neb 

Babnl-gnm,  or  Gond-babnl    . 

Babylonian  quarts  • 

Bagrationite  (a.  Orthito) 

Baierin  or  Baierite 

Baikalite  (a.  Diopaide)  . 

Balance 

Chemical  Balaaoo    . 
Aasay  Balance 
Adjnatment  of  Beam 
Weighta  .... 
Suggeations  for  care  of,  in  Balance 
Mechanical  Theory  of  the  Balance 
Elimination  of  Erron     . 

Ballua,  or  Balaia  Ruby  . 

Balleeteroeite  •       .        .        • 

Balloon 
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487 
490 
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Balaams,  Oleo-reainoaa) 

Canada  balsam        .       .  ,    49i 

Copaiba,  or  Copalva  balsam 
Mecca  balaam,  or  Balm  of  Gilead   .    495 
Balaama  containing  cinnamic  add 

Liqnidambar 4M 

Pern  balsam — 

StoiBZ     ....••    497 

Toln  balsam 498 

Balaama,  artilldal 499 

Baltimorite    . 
Bamlite  . 

Haralite  or  Bavalite       ....    500 
Barbatimao    . 
Bardiglione 
Baregin  or  Glairin 
Barilla    • 
Barinm  . 

Barinm,  Bromide  of 
Barinm,  Chloride  of 
Barinm,  Cyanide  of  (a.  Cyanides) 
Barinm,  Efetection  and  eatimation  of: 
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%  Reactiona  in  the  wet  way 
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6.  Separation  m>m  other  elementa 
Barium,  Fluoride  of 
Barium,  Iodide  of    . 
Barium,  Oxides  of: 
Protoxide:  Bargta 
Hydrate  .       . 
Peroxide 
Barinm,  Oxygen-salta  of 
Barium,  Oxysulphides  of 
Barium,  Phosphide  of    . 
Barium,  Selenide  of       . 
Barium,  Snlphidea  of 
ProtosuJphide 
Snlphydrata    . 
Trisulphide     .       • 
Pentaaulphide .       • 
Bariey  (s.  Cereela) .       • 
Bamhardtite  .       .       . 
Barocalcite.— Barolita    . 
Barometer      ...,,. 

Conatniction 809 

Correction  for  capadty    •  •    b\% 

Tempentora 
CapiUwity       .       .    613 
Index  error  614 

Direi-tiona  for  taking  an  ohaarratiMi 

of  the  barometer         ...    615 

Usee  of  the  barometar    ...    6l€ 

Determination  of 

Meteorology        ....    617 
Aneroid  t>arometer 
Bourdon's  Metallic  baromaler 
Macworth^  Undergroond 

Barras •       .      — > 

Bamowite «- 

Barwood  or  Camwood    ....—- 
BaryU  (a.  Barium,  Oxidea  o^  p^  604). 
Barytea  (a.  Heavy  Spar)        ...      — 
Barytic  nuorspar  .•••—> 

Barytocaldte 618 

Baryto-cmlestin      .....«- 
BarytophiUite^— Btxyto-atiOBliaBite     •     -^ 

Bnaalt — 

Basaltic  hornblende       .•••—> 
Baaanite.— 'Baaanomelana      ...      — 

Base 6t9 

Basicerine  (a.  Hydrocerita)    .       •       •     — 
Basidty •       •     — 
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Bunal«tifbUA ^ 

BMricadd — 

Banorin  ••••••     — 

BasUrdGoTW — 

BMtito — 

Buyr — 

BaUtMedoliB 620 

Bath — 

Bath-metal — 

fiatnchite — 

Batracholeie  add — 

Bandiaaerite    .       .     *•       .  .     — 

Baaiito — 

Bavalite  (a.  BAraUta^  p.  600) 
Bay-aalt  (i.  Sodium,  Ohlorido  oQ 

BdelUum 628 

ijoan       •       •       •       •        •••        •      "" 

Beanmontite 624 

Behirieadd 626 

Bebirine,  or  BebaoiiiM    ....      — 

Bedute 626 

Beech — 

Betfch-nnt  oil 627 

Beer — 

Preparation 628 

Analyda 680 

Tablea  abowing  the  Compodtioo  of 

rariotia  kinda  of  Beer  .        .       .    688 
Original  gravitr  of  Beer^worta       •    684 
Adolteration  or  Beer      •       •       .    686 
Benin'a  VoUtile  apirit  .       .       .687 

Belladonna,  oil  ot— Belladonaint  •       .688 
Bell-metal  ore        •       .       •       •       •     ^^ 
Belmontin      ..••••*- 
Belonite  fa.  needle-ore). 
Ben,  oil  of      .       .       •       •       •       •     *- 

Be nic  add — 

Benzaldide  (a.  BenaoyI,  Hydride  of\ 
Benxamic  add  (a^  Oxjbensamic  add). 
Bensamide     .....••      — 
Beniomerenramide ....    689 
Boisacetosalphophenamide     .  — 

Benxocamylmlpnophenamide .  .  -» 
Benioaalicylamide  .  .  .  •  — 
Beniosniphophenamide  .  .  .  640 
Benzosttlphophenargentamide  .  — 
Beosoenlphophenyuiodamide  .  .  — 
Dibenaopoenamide  .  .  .  .  — 
Bensamide,  Subatitation  prodncta  of: 

Broraobensamide    ....-— 

Chlorobeniamide    .       .       •       •     — 

Nitrobensaroide      ....    641 

Dinitrobenaamide        ...      — 

Thiobenaamide       .       .       .       .     _ 

Benaamil       ...,..—> 

Benaanilide  (a.  Phenylamlne). 

Benzene  or  Benad — > 

Sobatitation-prodncta  of  Bensene : 

Broroobensene     ....    642 

Dibromobenaene      .       .       .    648 

Tribromobenaene     ...      — 

Chlorobenaene     ....      — 

Trichlorobenzene     ...      — 

Chlorodinitrobenaene       .  — 

Nitrobenaene       ....      — 

Dinitrobenzene         .       .       .    644 

Benahydramide — 

Benzhydrocyanide  ^a  Benzamide). 
Beiizbvdrol  or  Bensnydrolic  add  .       .      — 
Benaidam  (a.  Phtenylamine). 

Benddine — 

Diethylbensidine     .       .  •    515 

T«ttretiiylbenzidine .        .        .       .     .^ 


Benddine :  taow 

Iodide  of  Dimethyl-tetratfayl-benii- 
dammoninm        •       •       •       .    645 

Bend] .      .. 

Benzilam 646 

Benzilicadd  ....••      — 

Benailim — 

Bendmicadd 647 

Benximide — 

Bendn  (a.  Benzene). 
Bensoacetic  anhydride  (a.  Acelk  anhy- 
dride, p.  21). 
Benso-angelic  anhydride  (a.  Angelic  an- 
hydride, n.  298). 
Bensocarbolic  add  (a.  Benzoate  of  Phe- 
nyl, p.  658). 

Bensocnlorhydrin — 

Bensodnnamic   anhydride  (a.  Benzdc 

anhydride,  p.  6571. 
Benaocaminic  anhydride  (a.  Benaoic  an- 
hydride, n.  298). 
BenzocnroYlanlphophenamide  (a.  Benaa- 
mide,  p.  6891 

Bensoen  (a.  Bensyl,  Hydride  of,  p.  678). 
Bensocieac  add     . 
BenzofflrcoUic  add 
Benaohelidn  . 
Benadcadd: 

Hiatory,  aonreeab  fonnatioB, 

paraUon       . 
Propertiea.  deoompodtiona 
Benaoatea  (metallic) 
Beoaoic  ethera 
Benaoate  of  Methyl 
Ethyl  . 
Ethylene 
Amyl   • 
Allyl     . 
Bensyl. 
Olycyl  . 
Phenyl 
Bromophenyl 
Chlorophenyl 
Dinitrophenyl 
Trinitrophenyl 
Benioic  add,  Snbatitntion-prodncta  of 
Bromobenadc  add  .       . 
Chlorobenaoic  add  •       . 
Parachlorobenaoic  add 
Kitrobensoic  add 
Nitrobenaoatea  (metallic) 
Ditrobensoic  ethera 
Nitrobenaoate  of  Methyl 
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648 
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666 


666 


Dibromophenrl  — 
667 


pnenri  — 
Dinitrophenyl     — 


Dinitrobenzoic  add 
Nitrochlorobenzoic  add 
Benzoic  Alcohol  (h.  Benzylic  AlcohoL 

p.  679). 
Boizoic  anhydride ..... 
Beuzo-acetic,  -dnnnmic^  -cominic, 
-m]rri8tic,-isnanthylic,-pelargonic 
-atenric,  and  -yderic  anbydridea 
Benaonitrobenzoic  anhydride 
Nitrobenzoic  anhydride 
Benzotdna 

Benaoin  .... 
Acetyl-benzdn 
Benzoyl-benzoin     . 
Nitrooenzoyl-benaoin 
Benzoinam     •        • 
Benaoinamide         •       , 
I^nzoin-gnm .        •        . 
l^iizolactic  aoid     •       . 
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Bensolic  Alcohol  (ii  Beo^kno). 
Benxoline  (•.  AmftriiM,  p.  162). 

Benioline 663 

Uenzomercoramide  (n.  699\ 
Benzumyriatic  anhyohde  (p.  656). 
HensoDe .... 

Dinitrobenione       • 
Beoionitrile   • 69B 

Ghlorobenzoiiitrile  ....    664 

Nitrobensonitrilo     . 
B«nionitrobensoie  anhydride  (p.  666). 
Benionitrociimide  (•.  CunnyUinine). 
BonMBnanthic  anhjdride  (p.  668). 
B«nzop«Urp[ODic  anhydrida  (p.  668). 
Benxophemde  (a.  Benioato  of  Phenjl, 

p.  563). 
Benzophenone  (a.  Benione,  p.  662). 
Benzopiperide  (is.  Piperidine). 
Benzoprup^Ionyl  (a.  Benioate  of  Allyl^p.  66S). 
Benzosalicin  (■.  Populin). 
Bomoaalicylamic  acid    •       •       .       •     ^ 
BenaoMlicylamide         ....    666 
Benzoealicylic  add         ....      — 
Beiizoaalicylimide  (»,  Bensamido^  p.  689). 
Benzostearic  anhydride  (p.  668). 
Benzoetilbin   ..»...— 
Benzoniocinin         .....— 
BeDzoenlphophenamic  add  (a.  Benzamio 

acid,  p.  688). 
Benaosalphophenamtde  (a.  Bcnzamlde,  p. 

540). 
Benzoaalphophenamidyl,  Chloride  and 

Amide  Ts.  Benzamide,  p.  640). 
Benzoaolpbophenylaodamide  (p.  640). 
Beozosylanillde  (a.  Benzylene-phenyl- 
amine,  677). 

Benzotartaric  add «» 

Benaoyaleric  anhydride  (p.  658) 

Benzoyl  

Benzoyl,  Bromide  of      . 
Benzoyl,  Chloride  of 

Chloride  of  Chlorobenzorl 

Chloride  of  Nitrobenzoyl 
Benzoyl,  Cranide  of 
Benzoyl,  Ifydride  of:  BentaUims  Bitter 
Almtmd  Oil 

Benzoate  of  Hydride  of  Benzoyl 

Hydride  with  Chloride  of  Benzoyl 

HyUroc vanate  of  Hydride  of  Benzoy 

Hydride  of  Bensoyl  with  Chloridi 
ofCaldum   .... 

Hydride  of  Benzoyl  with  add  Bol 
phitea  of  Alkali  metaU 

SoDStttntion-producta  t 
Hydride  of  Nitrobenzoyl 

Thiobenzoyl      .        .    671 
Thionitrobenaoyl       .    672 
Oxyiodide  of  Hydride  Qljgenaoyl      * 
Benzoyl,  fodide  of .  .  ^ .       .     — 

Benzoyl,  Perchloride  of  (p.  666). 
Benzoyl,  Sulphide  of      .       .       . 
Benzoyl,  Sulphocyanide  of  (a.  Salphocy 

anobenzvlene). 
Benzoylazotide  .... 
Benzoyl-benzoin  (a.  Bensofai,  pu  659). 
fienzoyl-urea  (a.  Carbamide,  p.  758). 
Benzoylnreid  ...  .       .    678 

Benzoreid  (a.  Benzoyl-nraa). 
Benzyl :  Tofy^  Tohengi 
Benzyl,  Chloride  of 
Benzyl,  Cyanide  of. 
Benzyl,  Hydride  of. 

Hydride  of  Nitrohenzyl  .  .     574 

Dinitrobenzyl        .       .    575 


666 

567 
668 


669 
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BenzyU  Iodide  of 
fienzylamine : 

Cyanobenzvlamine :   CWmotefcndfaM 

Mdobenzy famine:  Mdotohddhu    . 

Benzethylamine 

Benzyldiethylamine 

Benzyltriethylium  . 

Nitrnbensrlamine  . 

Tribenzylamine 
Benzylene      .... 
Benzylene,  Chloride  of  . 
Benzylene,  Sulphide  of  .       . 
Benaylene-phenylamine 
Benzylenic  ethers  . 

Methrl-benzylenie  ether 

Ethyl-  and  Amyl-benzjltnio  ethers 

Aceto*,  Benzo-,  Snccino*,  Salpho-, 
and  Valero-benzylenk  ethers 
Benzylethylamim  (pu  6/6). 

Benzylic  Alcohol 

Benzylic  Ether 

Ethyl-benzyfic  ether. 

Beraunite 

Berberine 

Berengelito    .•••.. 
Bereaite  ....... 

Bergamot,  Oi}  of 

Bernpamot-eamphor;  Bergaptcne. 
Berihierin      •  .       .        .    '    • 

Berthierite  or  Haidingerite    . 
Berthdietia  exoelaa       .       .        .        . 

"eryi      ....... 

Ber^'llinm  (a,  Ginciniim). 

Berzelianite 

Berzeliite       .... 

Berzelin 

Berzelite        ...... 

Beta 

Betalin  ....... 

Betoloretic  add 

Beudantin  (&  Nephdin). 

Beudantite     ...  .       • 

fiezetta 

Bezoar    

Bezoardic  acid  (a.  Ellagic  add). 
Bezoardicnm  animale     .       .        .       . 
minertle    .        •        .        . 
Bi-compounda  (a.  Di-oompoonda). 
Bildatein  (a.  Agalmatolite). 
Bile 

Analyria  ....  . 

Pettenkofer'a  teat    .        .        .        . 

Composition   of    Bile   of    Tanott 
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Putrefaction  of  Bila        • 

Biliary  Calculi        .... 
Bimatdn  (a.  Pumice-atone). 
Bmary  Tbeoiy  of  Sdta  .       .       .       . 
Binnite  ..... 
Biotin  (a.  Anorthite,  p.  808). 
Biotile  (a.  Mica> 
Birch 

Birch  fluigua,  juioa^  oil,  RaJB,  aad  tar 
Birdlime         .•••.. 

Bismuth 

Bismuth,  Adcular  •       •       •        . 

Bismuth,  Alloys  of 

Biamnth,  Bromide  of  •       .        • 

Bismuth,  Chlorides  of. 

Trichloride 

Dichloride       .  ,        •        . 

Biamnth  Cupreous 

Biamath,  Detection  and  Estimation  of  e 

Blowpipe  reactions  •       .        .       • 


TAom 
676 

67« 


677 


678 


679 
681 


682 


688 


684 


686 
686 


587 
668 


589 


690 
591 


THE  FIRST  VOLUMR 


1127 


PAGE 

BtmiiUi,  OetwtioR  tnd  eatimation  of: 

Liquid  reactioiis      ....  692 

Quantitatiye  eatimatioii  ...  — 

Atomic  weight        ....  — 

Sepantioo  m>m  other  elements      .  698 

VAloAtioii  of  Biamuth  ores  — 

BisiDDth,  Fluoride  of      ...        .  694 

Bismaiht  Iodide  of — 

Bismath,  Oxides  of        ...       .  — 

Trioxide,  or  Bismathoas  oxide       .  — 

Pentoxide,  or  Bismathic  oxide       .  — 

Bismutbates         ....  695 

Bismvth,  Oxychloride  of  (p.  691). 

Bismuth,  Oxygen*sslti  of      .               .  — 

Bismuth,  Phosphide  of          ...  — 

Bismuth,  Selenide  of      ...       .  — 

Bismuth,  Sulphides  of   .       •       .       .  — 

Bismuth,  Salphochloride  of   .       .       .  — 

Bismuth,  Telluric  (s.  Tellurium). 

Bismuth,  Telluride  of    •        .       .       .  — 

Bismuth-glmnce,  or  Bismuthine     .  — 

Bismuth-nickel 696 

Bismuth-ochre — 

Bismuth-radicles^  Ofganlo     ...  — 

Bisethjl — 

Bistriethvl,  or  Triethyl-biamnthiM  — 

Bismuth-silyer 697 

Bismatite — 

Bissa-bol        •■..«.  ~~ 

Bifltre — 

Bttter-ftlmond  oil — 

Bitter-almond  water      «...  699 

Bitter  principle — 

Bktem ^ 

Bitterspar,  or  Bhombapar      ...  — 

Bittersweet 600 

Bitumen         ••••••  — 

Biuret •        .  — 

Bixin — 

Black  Band 601 

Black  Chalk — 

Blackjack ^ 

Black  Lead  (s.  Carbon,  p.  768). 

Black  Wadd — 

Blanchinine    .       •       •       •        •  — 

Blanquette — 

Blaps  obtusa — 

Bleaching 602 

Bleaching  Powder  (a.  HTpoehloritni). 

Bleinierite      ••••.•  — 
Blende    •••••••-' 

BiQdite — 

Blood      ■•••^••^ 

Its  analysis     ...               •  61U 

Blood -stone  (s.  Jasper)  .       .       .       .612 

Blowpipe — 

Blowpipe  analysis   ....  618 
Table   of   behaviour    of   Metallic 
Oxides,  with   Mierocoamio   salt 

and  Borax 614 

Table  Blowpipe       .       .       .       .616 

Oxjhydrogen  Blowpipe          .       .  ^ 
Blue,  Prussian  (&  Cyanides  of  Inm). 

Blue,  Saxon 617 

Bodetiite — 

Bog-butter — 

Bog-head  Coal  (s.  ODal>       .       .       •  — 
Bog -ores  (s.  Iron). 

Bobeic  acid — 

Boiling  Point  (s.  Heat). 

Bole — 

Bolognian  Stone     •       .       •       .       •  — 

Boleticacid 618 

Boletus                                 •       •       .  <— 


PAOK 

619 


623 

624 
626 


626 

697 
629 


681 
682 


BoloreHn 

Boltonite.— Bolus   . 
Boo9       .... 
Diseased  bones 
Fossil  bones  . 

Bone-black 

Bone-oil. — Bonsdoiffite  . 
Boradc  acid  (s.  Boric  addv  P>  886). 

Boracite 

Borax  (a.  Borate  of  Sodium,  pw  646> 

Borides  (a.  Boron,  n^  629). 
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Boron,  Detection  and  Estimation  of: 

Reactions 686 

QuantitatiTe  estimation 
Separation  from  other  elements 
Atomic  weight 
Boron,  Fluoride  of         • 
Flnoboric  add 
Hydrofluoboric  add 
Borofluoridea  .       • 

Boron,  Iodide  of     . 
Boron,  Nitride  a€   . 
Boron,  Oxide  of:  Boric  anhydride 
Boric  acid       • 
Boratea    . 

Boratea  of  Aluminium 
Ammonium 
Barium  . 
Cadmium 
Caldum 
Cobalt    . 
Copper  . 
Iron 

Lead      . 
Borochloride  of  Lead 
Boronitrate  of  Lead 
Borate  of  Lithium  . 
Borates  of  Bf  agnesinm 
Borate  of  Nickel 
Borates  of  Potaastum 
Silver    . 
Sodium . 
Strontium 
Zinc 
Borio  Ethen:  Boratea  of  Amyl 

Ethyl  650 

Methyl         — 

Boron,  Sulphide  of         .       .       .       .661 

Boronatrottldte 

Botryogen 

BotryoUte       .  • 

Bourangerite^— Bonmoiiitii 
BoyeyCoal     . 
Bowenite  (a.  Serpentina). 
Boyle'a  Aiming  Liouor  (a.  Sulphidea  oif 

Ammonium,  p.  194). 
Bragite  .....••      — 
Brain  (a^  Nerrona  Tissue). 

Bran 652 

Branchite       ...«•,      ^ 

BrandisiU  (a.  Clintonite). 

Brandy  ..«.•,.— 

Brass 668 

Brassica  ......— 

1.  Braanea  oUracta :  Cabbage  .        .        — 
Composition  of  Cabhnge-leavcs         — 


686 


636 
639 
641 

642 


648 


644 


646 
649 
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Braarict:  paob 

Aah  of  differtot  Tariedet  of 

CabbaM 664 

2.  Brainea  JYt^nu :  Rape  ...  — 

Asb  of  Seed  and  Straw                .  — 

8.  Braidea    Rapa:  Tarnip      .        .  — 

Compoaition  of  Aah    .               •  €65 

Braaaic  acid    .       •       .        •               .  — 

Brayera  anthelmintica    .       •               .  ~- 

Braxil  wood — 

Bread     .        •        •       .                ■       •  666 

Fermented       .       .               .       •  667 

Unfermented 660 

ACcmted  bread      .       •       .       •  — 
Brean  (a.  Idca-resin). 

Brein  and  Breidin  (&  Arbol-a-bna»  p.  846)  662 

Breialakite. — Bralthanptito    ...  — 

Bremer  Green         .       .       •       *       .  668 
Breunerite  (s.  Magnealte). 
Brevicite  (a.  NatroUte). 

lirewsterite — 

Brewstolin      ••....  ^^ 

Bricka — 

floating 664 

Brilliant — 

Brimstone  ([s.  Snlphnr). 

Brindonia  indica            ,^  .        .        .  — 

Britannia  metal      .        ^^  .        .        •  •» 

Brithvne  {b,  Glanberite). 

Britiah  gnm  (a.  Dextrin). 

Brittle  Sil?er-or«.—BrocateUo  — 
Broccoli  ^a.  Braadca). 

Brochantite — 

Broddbo  Tantallte  (a.  Tantaiite> 

Bmgniardite  ......  — 

Brogniartin,  or  BrognJartite  '(a.  Glau- 

berite). 

Bromacetie  acid     .....  — 

Bromacetates 666 

Dibromacetio  acid  ....  666 
Bromacetina  (a.  Acetina,  p.  26). 

Bromal   ••....«  ^ 
Bromaldn  (a.  Aloln,  p.  148). 
Broraamide  (a.  Nitrogen,  Bromide  of). 
Broroanil  (a.  Quinone). 
Bromanilamic  acid  (a.  Qainonicacidl 
Bromaniloide    (a.     Tribromophenyia- 

mine,  under  Phenylamine). 
Bromaniaic  acid  (p.  801). 
Broroaniaol  (p.  805). 

Bronurayritei— Bromein               .       .  667 
Brometneride  (a.  Vinyl,  Bromide  (rf). 

Biometbioneasil — 

Bromhydric  acid  (p.  672). 

Bromhydrina  ......— 

Mono*,  Di-,  and  Tribromhydrin     .  668 

Eptbiomhydrin       .        .        .       .  — 

Hezaglyceric  Bromhydrin              .  669 

IlemibrombydriJi    .        .        .        .  — 

Bromic  add    .        .  *      .        .        .        .  — 

Bromic  Silver 672 

Bromidea 672 

Bromide  of  Hydrogen :  Bromhydric 

or  Hydrobromic  add  ...  — 

Bromidea,  Metallic                 .               .  674 

Bromidea  of  Organic  radidea        .  — 

Brumindamite 676 

Bromindopteue >— 

Bromine         .        .               •       •       •  — 

Bromine,  Chloride  €/(....  675 
Bromine*  Detection  and  Estimation  of: 

1.  Reactionii 677 

2.  QuanliUtive  e»timatioo  — 


r*aa 


Bromine,  DeteetkM  and  eaUmatioa  oft 
Eatlnuition  in  imaaenee  of  Chlo- 
rine and  lodma  .       .    678 


8.  Atomic  weight  . 
Bromine,  Flnoride  of 
Bromine,  Oxygen-adda  of 
Bromine,  Sdenide  of 
Bromine,  Sulphide  of     . 
Bromiodoform        .        • 
Bromiaatic  acid  (a.  laatio  add). 
Bromiaatin  (a.  laatin). 
Bromite  ...•••■ 
Bromitonic  add  (a.  Citraoonic  add,  !)•• 

oompoaitiona  of,  p.  998). 
Brombte  (a.  Alstonite,  p.  149). 
Bromofonn.^Bn>mopicTia     .       •       • 
Bromoaamide  (a.  Salicylamida). 
Bromotriconic  add }  /_  m».^^  ^^a  ^  oaax 
Biomoxaform        j  (^  ^'"^  lod.  pu  996). 

Bromnsw— firomyrit« 
Bronse    . 

Bronxite         .       . 
Brookite 
Broeaite 

Broosaonnettia  tinctoiia 
Brown  berries 
Brudne  . 

Salu  of  Brudne 

Bromo»bradne 

£thyl*bmdne 
Brodte  . 
Bmnolic  add . 
Brunswick  green    . 
Bryoidin 
Bryoiiin . 
Bry  cretin 
bubulin 
Bucbolaite 

Bucklandite  (a.  EpidoteY, 
Buckthorn  (s.  Bhutmus). 
Buckwheat     . 

Colouring  matters  of 
Bncummanga  rsafai 


679 


680 


Buenin. — BnhntoMt 
Bukku  leavea 
Buratite 

Burette  (p.  266). 
Burgundy  Pitch  or  Beabi 
Buraera  gummifera 
Bustamite  (a.  Bhodooite). 
Butea  gum     •       • 
Butic  Mid 
Butter    . 

Butter  of  Antimony,  Tin,  9tc 
Butyl  (s.  Tetrvl). 
Butylactic  add       • 
Bntyraeetic  add     • 
Butyral  . 

Chlorobutyrala 
Bntyraldehyde 

Botyraldehyde-ammi 
Butyramide    . 

Mercuric  butyramids 
Butyric  acid   . 

Butyratea 
Butyric  acid,  Subatitntion-darivati 

Dibromobntyric  add 

Dichlorobutyric  add 

Tetrachiorooutyric  add  . 

Thiobutyric  add 
Butyric  anhydride 
Butyric  ethers 

ButyrateofAllyl 
Amyl 


681 


688 

684 


Buckwheat 


686 


687 


688 
6^ 


690 


691 

692 

▼Mof  698 

694 


69i 
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696 


701 


BtttyikttlMnt 

Satynto  of  Ethyl 
Bthyl 
Glyceryl 
Methyl 
Botyridin       . 
Batyriiu ; 

Mono- and  Dibatyrin     •       •  — 

Tribntyria 697 

Natonl  bntyrin     •       •       •       .     — 

Bntyrite •     — 

Bntyrochlorhydrin  •  •  •  '  ^ 
Bntyroleic  acid  .  .  .  •  •  — 
Baty roUrooodic  acid  (a.  Bf^bnttar,  ^  617). 

Butyrolactic  add — 

Butyrone — 

Bntyronitric  add  •       •       •       •    696 

Butyronitrilo — 

Butyrum  antimenii        .       •       •       .      — 
Bacyrnraid  (n  Bntyiyl  oraa) 
Bntyryl  .....••     — 
Bromide^  Chloiida  ....     — 

Iodide 699 

Butrryl-iina  (a.  Crfurbamldis  p.  768). 

Buxine — 

ByBsolite  .•••••  — 
ByMiwMytili  .....— 
Bytownite — 


Cabbage         • 700 

Cabbaguna ~ 

Cabocle  ••.••■•  — 
Cacao     . 

Cacao-fkt 

Cacno-red  ••••.-— 
Cachalagoa.— Cacbolong  .  .  .  — 
Cachoatannic  add  (a.  Gatedm,  p.  817). 

Cacotheliae -— 

Cacozeue 702 

Cactus — 

Cadet's  Faming  Liquor  (p.  408). 

Cadie  gam — 

Cadmium — 

Cadmium,  Alloys  of  .  .  .  .708 
Cadmium,  Bromide  of  .  .  .  *  -— 
Cadmium,  Chloride  of    .       .       •       .      — 

Double  sal  to  of  Chloride  of  Cadmium  — 
Cadmium :  Detection  and  Estimation  of    704 

1.  Blowpipe  reactions     .       .       .      — 

2.  Liquid  r.  actions 
8.  QuantitatiTS  estimation     . 

4.  Separation  irom  other  elemento 

5.  Atomic  weight  •  •  • 
Cadmiam,  Fluoride  of  . 
Cadmium,  Iodide  of  •  •  • 
Cadmium,  Nitride  of  •  •  • 
Cadmium,  Oxides  of  .  •  • 
Cadmium,  Phosphide  of  •  • 
Cadmium,  Sulphide  of  .  •  • 
Cadmium>ethyl  •  •  •  • 
Cnsium  .•>••• 
Caffeic  add  (s.  Caibtannic  add,  p.  709). 
GaffUne  or  Theine  .        • 

SaltoofCaffisine      • 
Caffeone.        .        .        •       • 
Caffetannic  add      • 
Cajfncic  acid   .        •        •        . 
Cairngorm  stooa  (a.  Quarti). 
Cajeput,  oil  of        •       • 
Cajputene       .       .       .       « 

laocajputene 


Paracaiputene         • 
Bromide  of  Cujputene 


705 


706 


707 


709 


710 


711 


Ci^patene: 

Chloride  of  Cajputene     •       • 
Hydrates  of  Cajputene    .       •        . 
Hydrochloratee  of  Cajputene  • 
Hydriodate  of  Cajputene        .       • 

Calaite  (s.  Turquois). 

Calamine 

Calamine,  Siliceooa        •       •       •       • 

Calamite « 

Calcareous  spar  (a.  Calcapar). 

Galcedony  (s.  Chalcedony). 

Calchantum   .    *    .        •        •       •    *    , 

Calcinationw— Caldte      •       •       •       • 

Caldum • 

Caldum,  Bromide  of      •       •       •       • 

Caldum,  Chloride  of      ...       » 

Caldum,  Detection  and  Estimation  of  . 

L  Reactions  in  the  dry  way    • 

2.  Reactiona  in  the  wet  way  .       • 

8.  Quantitative  estimation     .       • 

4.  Separation  from  other  elements  • 

6.  Atomic  wdght    .       .       •       • 

Caldum,  Fluoride  of      ...       • 

Calcium.  Oxide  of 

Caldum,  Oxychloride  of  (p.  716). 
Calcium,  Oxygen-salU  of  .  •  • 
Caldum,  Oxysulphide  of  •  •  • 
Calcium,  Phosphide  of  •  •  •  • 
Caldum,  Selenides  of  •  •  .  • 
Calcium,  Sulphides  of    •       .       •       • 

Calc-sinter 

Calooferrite 

Calcspar 

Calctttif 

Calculus 

Calderite 

Caledonite      .••••• 

Calendulin      •••••• 

Calico-printing      •       •       .       •       • 

California 

Calisaya  bark.— Gallais  •       •       •       • 

Calluna  vulgaris 

Callutannic  add 

Calluzanthin 

Calomel  (s.  Mercury). 

Calophyllum  resin .       .        •       •       • 

Calorimeter • 

Calorimotor 

Calatronbarj'te 

Calyptolite 

Camboley  resin      .       •       •       •       • 

Camellia  japonica 

Campeachy  wood  (s.  Logwood). 
Camphamic    add,  and    Camphamide 
(p.  729), 

Camphene 

Camphenes 

Campherenes  .••••• 
Campheryl  or  CampherUa     •       •       • 

Camphicacid 

Camphidea  •  .  •  •  •  • 
Campbilene  ••'•••• 
Camphimidc  (jk  782). 

Camphin 

Camphine 

Gamphocreoaote 

Camphol        •••••• 

Campbolene   .       •       •       •       •   •    • 

Campholic  add      •       •       •       •       • 

Camphone      ..•••• 

Camphomethylic  add  (p.  788). 
Camphor        •••••• 

Dextro-camphor     •       •       •       • 

Laevo-camphor       •       •       •       • 
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714 


716 

716 

717 
718 
719 
720 


721 
722 


728 


724 
726 


726 


727 


729 
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■Camphor: 

InactiTe  camphor    .       .       .       • 
Oamphor,  artificial  (a.  Turpentine). 
"Gamphor  of  Borneo  (a.  Bomeol,  p.  626). 

Oamphor,  oil  of 

Gamphoramic  add  .  .  .  . 
Camphoranilic  add  (a.  Phenyl- campho- 

ramic  add). 
Camphoresin   .       .  .       .       . 

Camphoric  add : 

I>extro-camphorie  add  .       .       • 

Lavo-camphoric  add     *•       •        . 

Inactive  camphoric  add 

Camphoratea 

'Camphonc  anhydride  .  .  .  . 
'Camphoric  ethers : 

Camphorate  of  Ethyl 

Camphonte  of  Ethvl  and  Hydrogen 

Camphorate  of  Methyl  and   Hy- 
drogen        •       •       •       •       • 

•Garophorimide 

Gamphorin     ...... 

Camphorone 

Garaphoryl 

Gamphoaulphnric  add  (a.  Snlphocam- 

phorio  add). 
GamphoTinic  add  (a.  Gampnoric  ethen» 

p.  782). 
Gamphrene    •••••• 

Gamphrone 

Camwood  (a.  Barwood,  p.  617). 

Ganaanite 

Ganada  balsam  (s.  Balsams,  p.  492). 

Gancerin 

Gancha-lagna  (s.  Cachalagua,  p.  701). 
Gancrinite.— <}andite     •       .       .        • 

Ganellaalba 

Cannabis  indica 

Cannabis  sativa 

Cannamine  (s.  Bmdne,  p.  681). 

Gannel  coal  (s.  Goal). 

Cannon  metal  (s.  Copper,  Alloys  of). 

Cantharidea 

Cantharidin 

Cantonite 

Canton's  phoephonu  .  .  •  • 
Caoatchene  ...«•• 
Caootchin 

Hydrochlorateofcaontchin     . 

CaoatchouG 

Vulcanised  caontchouc    . 

Hardened  caoutchonc ;  Ebonite 
Caoatchoncin  (p.  739). 
Capers  (s.  Gapparis). 
Gaphopicrite  (s  Rhein). 

Capillarity 

Capnomor • 

Caporcianite 

Gapparis  spinoaa 

Capral    .  

Gapramide 

Gapricacid 

Gapric  aldehyde 

Gaprinamide  (s.  Gapramide). 
Caprocianlte  (a.  CapOrcianite). 
Gaproene        ...••• 

Caproic  add 

Gapruic  alcohol  (s.  Hezylic  Alcohol). 

Caproic  aldehyde 

Caproic  anhydride 

Caproic  ethna 

Caprone 

Capronitrile   •••••• 

Capronoyl 
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780 


781 


782 
788 


784 


786 


786 


787 
788 
789 
740 


741 
742 


748 


744 


rioi 

Gkprqrl 741 

Gaproylanint  (ik  Hexylamine). 
Caprovlene  (a.  Hezylene). 
Capryl,  or  Butyl     .       .       .       •       •    746 
Caprylamiae  (a.  Octylamfaie). 
Capiylene<8.  Octylene). 

Capirlic  acid — 

lifttrooaprylic  add   .       .       •       •      — 
GapryUc  alcohol  (a.  Octylic  Alcohol). 

Captylio  aldehyde — 

Gaprylic  anhydride        •       .       •       •    746 

Gaprylic  etheta — 

Caprylone 747 

^^:   :   :   :   :   :   :  - 

Gapeicine -~ 

Caput  moitnum ^ 

Caragheen  moea     .....— 
Carajuro,  Crajum,  or  Carenni       .       •     — 

Caramel — 

Garamelane^  Canamelene^  Caramdin    748 

Caraana 749 

Carapa  bark ^ 

Garapaoil      •..•••     — 

Carat — 

Carbamic  add. -« 

Carbamates  of  Animoniiiia»  AmyU 

and  Ethyl 766 

Carbamates  of  Methyl  and  Tetryl .    761 

Etbyl-carbamic  add       ...     — 

Ethyl-carbamate    of  Ethyl,    or 

Ethyl-nrethane        ...'*- 

Phenyl*  caihamic  add     ...      — 

Phenyl-carbamatea  of  Ethyl  and 

Methyl  ....    762 

Carbamide  — 

Substitution- products  of  Carbamide: 

OMumnmrf  tTreas.* 
a.  Carbamides  or  Ureaa  containing 
Add  Radides : 
Aoetyl-carbamide       .        •       .    768 
Bensoyl-carbamide     •       •       •      — 
Butyiyl-carbamide     .       •        .      — 
Yaleryl-carbamide      ...      — 
fi,  Carbamides  or  Ureaa  omtaining 
Basylous  Radidea : 
Ally  1 -carbamide         .        .        .    764 
AUyl-suIphocarbamida       • 

Diallyl-carbamide  . 
Amyl-carbamide         •       • 
Benavl -carbamide 
Ethyl-carbamide 
Diethyl-carbamide  . 
Ethyl-allyl-carbamide    . 
Ethyl-allyl-sal  phocarbamida 
Ethyl-amyl-cariMunida   . 
Methyl-carbamide 
Dimethyl-carbamide 
Methyl-ethyl -carbamide 
Kaphtbyl-carbamide  . 

Naphihyl-allyl-carbamida      .    766 

Phenyl-carbamide 

Ethyl  -pbenrl -carbamide 

Nitrc^henyf- carbamide  •        .    766 

Dipbenyl- carbamide       • 

Phenyl-sulphocarbamide 

Phenyl-allyUsalphocaihamide      » 

Diphoiyl-salphocarbamide  — 

Piperyl-cartNimide      .  .    767 

Methyl-piaeryl-carbamide 

Carbanil  (s.  Cyanic  Ethers). 

Carbanilid^  (a'Dipbenyl-caroanride,  p.766>. 

Carbanilic  acid  (s.  Phenyl -cariMOtic  add. 

p  76  i ). 
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1. 
2. 
8. 
4. 


Carbinn«Uiaiie  and  GailMiiimeUiylMM 
(p.  762). 

CVTMSOiS  •••••• 

Garbuotie  acid  U.  Picric  add). 

Carbides,  or  CaibaraU   .       .       •       •      — 

Garbobenside  (a.  Baoaooe). 

Carbobensoic  acid  (a.  Cinnamein). 

Carbo-hjdrogena  (a.  Hjdrocarbcnia). 

Carbolic  add  (a.  Phanio  add). 

Carboo — 

Diamond     .       •       •       .       .      — 

Graphite 768 

Anthradte 769 

Carbon  obtained  from  omnio 
anbatancea  by  dry  distilfiition 
or  imperfect  combnation : 

a.  Wood-charooal 

b.  Coke       .... 
e.  Metallic  carbon,  Glanca-ooal 
d.  Lamp-black    . 

c.  Animal  charcoal  • 
Absorbent  power  of  charcoal   . 
Platinised  charcoal 
Charcoal  aa  a  pradpitant  and  deo- 
doriser        .       .       •       . 

Compounds  of  carbon  . 

Ca«-bon,  Bromidea  of      •       .       . 
Carbon,  Chlorides  of      .       .       • 

Tetrachloride  .... 

Trichloride      .... 

Dichloride       .... 

Protochloride  .... 
Carbon,  Chlorobromide  of 
Carbon,  Detection  and  Estimation  of 

Atomic  wdght  of  Carbon 
Carbon,  Iodide  ^  .       .       . 
Carbon,  Nitride  of . 
Carbon,  Oxidea  of  , 

Dioxide  or  Carbonic  anordride 
Liquid  Carbonic  anhydride 
Solid  Carbonic  anhydride    . 
Carbonic  add 

Protoxide  or  Carbonic  oxide  . 
Carbon,  Oxychloride  of:  Phosgene 
Carbon,  Salphidea  of: 

Disnlpbide      .... 

Protosulphide .... 
Carbon,  Salpnochloride  of 
Carbonates     .... 

Carbonate  of  AInmininm 

Carbonates  oi  Ammonium 

Carbonates   of    Barium,  Bismuth, 
Cadmium,  Calcium    . 

Carbonatea  of  Cerium,  Chromium, 
Cobalt 

Carbonates  of  Copper 


andGlu 


Carbonatea  of  Didymium 

dnum  . 
Carbonates  of  Iron : 

Ferric  Carbonate . 

Ferrous  Carbonatea 
Carbonate  of  Lanthanum 
Carbonates  of  Lead . 
Carbonate  of  Lithium 
Carbonatea  of  Magneaiuro 
Carbonates  of  Manganese,  Mercury 

Nickd         .... 
Carbonate  of  Palladium  . 
Carbonates  of  Potaaaium : 

Dipotasaic  or  Neutral  carbonate 

Mono-potasaic  or  Diaad  carbo- 
nate . 

SeAquicarbonate  < 
Carbonate  of  Silver 
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761 
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764 

766 
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767 
768 


769 
770 


771 

772 

778 
774 


776 

777 

77M 
779 


780 

782 
788 


784 


786 

786 
787 


789 
790 


791 
792 


792 
796 
796 

797 


798 
799 


800 


801 


802 


Carbonatea: 

Cartxmatea  of  Sodium : 
Disodic  or  Neutral  carbonate 
Monoaodic  or  Di-add  carbonate 
Tetraaodic  or  Sesquicarbonate 

Carbonate  of  Sodium  and  Potaaaium 

Carbonate  of  Sodium  and  Caldum 

Carbonatea  of  Strontium,  Thorium, 
Uraniun)      .... 

Carbonate  of  Yttrium 

Carbonatea  of  Zinc . 

Carbonate  of  Zirconium 
Carbonic  acid  and  anhydride  (p.  770). 
Carbonic  ethers      .... 

Carbonate  of  Allyl 

Carbonate  of  Amyl         . 

Carbonate  of  Ethyl 
Tetracblorocarbonic  ether  . 
Perchlorocarbonic  ether 
Carbonate  of  Kthyl  and  Potassium 

Carbonate  of  Methyl  and  Barium 

Carbonate  of  Methyl  and  Kthyl 

Carbonate  of  Phenyl  and  Hydrogen 

Carbonate  of  Tetryl  (or  Butyl) 
Carbonitrotoluylic  add  . 
Carbonyl 
Carbopyrolic  add 
Carbostyril     . 
Carbothiacetonine 
Carbothialdine 
Cart)otriamiDe 

Carbomethyltriamine 

Carbotriethyltriamine 

Carbophenyltriamine 

Carboiriphenyltriamine 
Carbovinic  add  ^s.  Carbonic  ethers,  p.  801). 
Carborinomethylide  (syn.  with  Carbo- 
nate of  Ethyl  and  Methyl,  p.  801). 

Carbunde 808 

Carbnrdc  acid  (syn.  with  Allophanie 

add,  p.  182).  * 
Carbvl,  Sulphate  of  (syn.  with  Ethionic 
annydride). 

Cardamine  amara — 

Cardamom  oil — 

Canlol — 

Carex  ......      — 

Carica  papara 804 

Caries  (»,  Bone,  p.  628)l 

Carinthin — 

Carroidine      ..••••     — 

(Sarroinaphtha — 

Carmindm — 

Carmine,  Carminic  add         ...      — 
Carminite,  (Carmine  apar       ...    806 

Carrourellic  add — 

Camallite.— Camat       •       .        .       •      — 

(^amaubawax -^ 

Camelian       ......— 

Caroluthin — 

Carotin •      — 

Carpholite 806 

Carphosiderite 807 

Carphostilbite — 

Carpobalsamum — 

Carrolite — 

Carragheen  mosa  (jl  Caragheen  moaib 

p.  747> 
Carrot     .••••••—' 

Carrot,  oil  of  •       •       •       .       •       .      — 

Cartbamin 808 

Cartilag ~ 

Carvene,  Carvol,  and  Carracrol     .       •      — 
Caryophyllic  acid  (a.  Eugenic  acid). 
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Caiyoph jUin  •              •       •       •       .  809 

Cucamo                       •       •       •       .  — 

GMcarilk  buk              •       •       •       •  — 

CaKarilla,  oU  of — 

Caacflrillin      .•••..— 

Case-hardenlDff — 

GAMiii 810 

CMein*  TigeUble  (tb  L^gmnin). 

Caaaava 818 

Gaasell  yallow  (a.  Laad,  Ozychloride  oO> 

Caaaia  caiyophyllau      •       •       •       .  — 

Caaaia  dnnamooflA         •       •       •        .  — 

Gaaaia  fiatola  ...••.  — 

Caasia  bada — 

Caaaiin 814 

Caaaiterite — 

Oiaaitarotantalita — • 

CaaBina,  Pnrple  of  •       •       •       •        .  — 

Caatelnandite  .•••••  — 

Gaatilloja  alaadcA — 

Gaatine  .••••••  — 

Caator    .•*••..— 

Caatorenm     •••••.  — 

Caatorin 816 

Caator  oil       ••••••  — 

Cataljaia ^ 

Catapldita ^ 

GaUwbarite 816 

Catecha — 

Catechioe;  Gateehacioadd    .  — 

Catechtt-ttimic  add.       .       .       .817 

Cathaednlia  ••..*.— 

Cathartin » 

Cathode^  or  Kuthodo      •       •       •       •  — 

Catlinite 818 

Cat'aaTO — 

Caalopbjllin — 

Cauaticity — 

CaTolinite  (a.  EUMlito  and  KepbaUn). 

Cawk — 

Cedar,  OH  of — 

CedreiM  ..•••••*- 
Cedrin  (a.  Cednm). 

Cedriret — 

Cedron — 

Celeatin  (a.  Ccaleatln). 
Callalie  acid  (a.  Pactio  add). 

CeUulose — 

SolntionofCalliiloae       •       .       .  820 

Cdtia — 

Cement ^ 

CemenUtion  ......  822 

Cement  Copper      .,.,,— 

Centaurin  (a.  Cnidn). 

Cephalia  (a.  Ipecaccanba). 

Ceradia  fuacata       ...••  — 

Ceraicadd — 

Cerain — 

Cerancepbalote  (a.  Cepbalote). 

Cerantic  add — 

Ceraain  .......  828 

Ceraaua  — 

Cerate — 

Ceraanite  (a.  Nepbrite). 

Cerealin — 

Cereala — 

Cerebric  add 829 

Cerebrin — 

Cerebrol 880 

Cerebro-apinal  floid        ....  — 

Cerebrate — 

Cericadd — 

xyenn      •••••••  -~- 

Cenne  (a.  Ortbite). 


Cerinin   . 

Cerite     . 

Cerium  . 

Cerinm,  Bromide  of 

Cerinm,  Cblorideaof 

Ceriom,  Detection  and  Eatimation  of 

1.  Reactiona 

2.  Qoantitative  eetimation 

8.  Separation  from  other  elemanta 

i.  Atomic  wdgbt 
Cerinm,  Flnoridea  n 
Cerinm,  Oxides  of . 

Cenma  oxide   . 

Ceroeo-ceric  oxide 

Ceric  oxide 
Cerium,  Oxygen-aalta  of 
Cerium,  Pboaphide  of 
Cerium,  Sdenide  of 
Cerium,  Snlpbidea  of 
Cerolein .       .       . 
Cerolite,  or  KeroliM 
Ceropic  add    • 


838 


8S4 


Cerodo  add 
Cerodn  • 
CeroCene 
Ceroticadd 

Chlorooerotic  add 
Ceroticetbera: 

Cerotato  of  ethyl     . 

Cerotate  of  oeiyl ;  Chineae 
Cerotin(p.888). 

Cerotinone 

CeroxyUn:  Ptdm-wax   .  • 

Cerumen  of  the  ear 

Cemae  (a.  Carbooataa  of  lead,  pw  786). 

Ceruaite  (p.  786). 

Cervantito      ...... 

Ceryl,  Hydrate  of:  OayUe  aboM^  Cbv- 

tm 

Cetene^  or  Cetylene        .... 

Ceticadd 

Cetin 

Cetraria  (a.  JJchena). 

•Cetraricadd 

Cetyl 

Cetyl,  Acetate,  Benioate,  Bromide^  Bnty- 

rate.  Chloride,  and  Qyanide  of    . 
CetrU    Hydrate   of :     Ot^Se  Aleokalt 

Etkal 

Cetvl,  Iodide  of      .       .       .       .       • 
Cetyl,  Nitride  of  (a.  Catylamine). 
Cetyl,  Oxide  of :  Orfviicadber 

Cetyl-etbyl-oxido   .       •       .        . 

Cetyl-aodinm  ozida. 

CetyU  Stearate  of 

Cetyl,  Snodnate  of        ...       . 
Cetyl,  Sulphate  (add)  of:  C^yf-a^pft«r«e 

acid 

Cetyl,  Sulphide  of  .       .       .       . 
Cetyl,  Sulphydrate:  CkljfHe  Mknt^piam  , 
CeiyUiminea: 

Tricetylamlne 

Cetyl-pbenylamine . 

Cetyl-xanthic  add 

Ceradic  acid 

Oeradin:  ETordem 

Ceylanite,  or  Ceybnite  .       .        .        . 

CbMbaaite 

Ch«rophyUnm 

Chailletia  toxicaria.       •       •       •       , 

Cbalcanthito 

Chalcedony 

Chalcodite 

Chalcolite  (a.  Uranito). 


887 


840 

841 
842 


84S 
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846 


847 


849 
850 


861 


PAGE 

Chalcophscite         .       •       .       •       .    845 
Ghalcophyllite  (a  Coppar  nica). 
ChAlcopvrito  (i.  Gopptf  pyrites). 
Chalcostibita  .       .       •       •  *     •       •     -— 

Chmlcotrichito — 

ChaliliU •       •      — 

Chalk — 

Chalk  stones. — Chslkosin  .  .  ,  •. 
Chalybeate  wnien. — Chalybite  •  •  — 
Chamsleon  miiMral  •  •  .  •  — 
ChanuBropt  hnmilit  •  •  •  •  — 
Chamoiaite  •••••.— 
Chamotte  .•••••  — 
Champa^e  wine    •       •       •       .       . 

Chantoute 

Chara  fcBtida 

Charcoal  (s^  Carbon,  p.  759). 

Chathamito 

ChaTica  offidoanim       .... 
Char,  or  Chaya  rool       •       •       •       . 

Cheese 

Cheiranthiu  Gheiri 

Chelerythrin 

Chelidonie  add 

Chelidonino    •••••. 

Chttlidoninie  add 

Chelidoxanthin      •       •       f       •       . 

Chemical  affinity 

Distinctions  between  Chemical  Com- 

poundsi  properly  so  called,  and 

Mixtores  or  Solatlons : 

1.  As  regards    pnportkm:  Law 
OP  MiJLTiPiJta 

2.  As  to  the  charaeltr  of  the  prO' 
ouet  •        •        •        «        • 

8.  As  to  the  ahgmomema  which 
accompany  tne  formation  and 
decomposition  of  chemical  com- 

ponnds     

DifTerent  orders  of  chemical  com- 

poonds        

Formation   and   decompodtion  of 
chemical  compounds 
Formation  of  compoands  by  di* 

rect  onion  of  elementa 
Formation  of  compooods  by  trans- 
formation of  preyiondy  existing 
compounds : 
I.  By  Heat  .... 
n.  By  Electridty  ...     — 
m.  By  the  action  of  another 
snbstance,  simple  or  com- 
pound :     SvBsrnnjTKni 
AMD  Double  Dkoompo- 
ainov    .       .       •       •     ^- 
Hagnitnde  or  strength  cf  affinity  .    858 
CSrcnmstances  which  modify  the 
strength  of  affinity : 

1.  ElastidtyandCobedon       •    859 

2.  The  relative   qnaotities  of 
the  acting  substaocee 

Berthollet*s  Uw 

Bonsen's  law    • 

Debns's  experiments 

Gladstone's  experiments 

Halagnti's  experiments 

Margueritt^s  ezperimenta 

H.  Rose's  experiments 
Theories  of  cheouoal  aetion 
Chenocholalic  add 
Chenocholic  add    • 
Chenocoprolito       • 
Chenopodinm. 
Chert 868 


852 

858 
854 

855 


860 
861 

868 


QAA. 
ODV 

867 


PAOB 

(  bessylito  (s.  CarbonatM  of  Copper,  p.  784). 
Chesterlito  (s.  Felspar) 

Chestnut 868 

Chiastolita — 

Chica 869 

Childrenite     .       •  •       .       •     — 

Childte  (s.  Gfithito). 

Chiltonito  (s.  Prehnito). 

Chinoline — 


871 

872 


878 


Salta  of  chinoline    •       • 

Methyl-chinoline    •       •       • 

£thyUchinoline      . 

Amyl-chinoline       . 
Chinone.— Chiolito        .       .       .       .     — 

Chitin 874 

Chiviatite 875 

Chiadnite  (sl  Meteorites> 

Chloanthita. - 

Cblocarbethamide  (syn.  with  Tricfalo- 

racetamide,  p.  6). 
Chlorocetamic   acid  fsyn.  with  Tetra 

chloracetamide,  p.  6). 
Chloraoetic  acids: 

Monochloracetic  add      •       .       .      — 

Trichloracetic  add  ....    877 
Chloracetones  (s.  Acetone,  p.  29). 

ChloracetonitrUe 879 

Chloraoetyl    ......— 

Chloracetyphide — 

Chloral 880 

Metachloral 882 

Chloral,  Amylic  (a  Chloramylal). 

Chloral,  Medtio     .....— 

Chloral,  Propionic  . 

Chloralbin 

Chloraldehydes — 

Chloride  of  trichloracetyl,  or  Per^ 
chlorinated  acetic  aldehyde  — 

Chloralide 884 


(see  Qninone  and 
Qttinonic  add). 


Chloraldri 

Chloralnric  add 

Chloramvlal  • 

Chloranil 

Chloranilamic  add 

Chloranilamide 

Chloranilammone 

Chloranilic  add 

Chloraniline  (a  Phenylamfaie). 

Chloraniaic  add  (a  Anidc  acid,  p.  802) 

ChlorastroliU 

Chlorates 

Chlorates  of  Aluminium,  Ammo- 
ninm.  Barium 

Chlorates  of  Cobalt,  Copper,  Lead, 
Lithinm,  Magnedum,  Manganese, 
Mercury      • 

Chlorato  of  Kickd  . 

Chlorate  of  Potasdum 

Chlorate  of  Silver   . 

Chlorate  of  Sodium 

Chlorates  of  Strontium,  Uranium, 

Zinc 

Chlorhydric  or  Hydrochlorio  add . 
Chlorhydric  ethers  (p.  897). 
Chlorhydrins         .... 
Chlorhydrophenide  (a  Phenyl). 
Chlorhydroprotdc  acid  . 
Chlorides : 

1.  Metdlic  chloridas 

2.  Chlorides   of   Orgaao  -  metallic 

radides     .... 
8.  Chlorides  of  Alcohol-radicles 

4.  Chlorides  of  Aldeh^'de^radicles 

5.  Chlorides  of  Acid-radidee  . 


885 


886 

887 

88S 


890 


898 
894 


896 
897 

898 
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FAOB 

Chloriiidataiito 900 

Chlorindin  (a.  Indin). 

GUorine: 

Aniichlorirtic  theoiy      ...    902 

Cfalorine,  Detection  and  Estimation  of: 

1.  Reaction! 908 

S.  Quantitatiye  eatimation  — 

8.  Separation  from  other  eiementa .    904 

4.  Atomic  weight    ....      — 

Chlorine,  Hydrate  of     ...       .    906 

Chlorine,  Oxides  and  Ozysen-adds  of  .     — 

Hypochloroiis  add  and  anhydride  .    907 

Hypochlorites      ....    908 

Chloroos  anhydride,  add,  and  sdts    909 

Chloric  add  and  Baits  .910 

Perchloric  add  and  salts  .     — 

Perchloric  oxide  and  Enchlorine     .    912 

f^hlorine.  Sulphides  of   .  .       .918 

Gh  loriodoibrm        .....      — 

Chlorisamic  add  and  Chlorisamide  (a. 

laamic  add  and  Isamide). 

Chlorisatic  add  ^s.  Isatic  add). 

Chlorisatyde  Ghlorisatprdic  aod  (s.  Isa* 

tvde  and  laatrdic  aad). 

Chforisatin  (».  laatin). 

Ghlorisatosnlphitca  (s.  Isatosnlphites). 

Chlorite — 

Chlorite  earth;   Chlorite,  ferrngi- 

noos  ;  Chlorite-sUte ;  Chlorite- 

spar 914 

Chlorites — 

Chloritolde 91& 

Chlorobenaaldide  (s.  Benioyl,  Chloride 

off  p.  566). 

Chlombenzamide  (s.  Benaamide,  p.  540). 

Chlorobenzeue  (s.  Benaene,  p.  548). 

Chlorobensil — 

Chlorobenaoie   add   (sl  Benaok   add, 

p.  555). 

Chlorobensol  (s.  Benaylene,  Chloride  ai, 

p  597). 

Chiorobenaonitrile   (s.  Benionitrile,  p. 

568). 

Chlorobenzopbenide  (p.  554). 

Chlorobensoyl,  Chloride  of  (567). 

Chlorocaffeine — 

Chlorocamphene  (a.  Camphene,  p.  724). 

Chlorocarbo-hyposulphnrio    add,    syn. 

with  Trichloro-methylsolphnioaa  add 

Tsee  Methyl). 

Chlorocarbonic  add  (p.  774). 

Chlorocarbonic  ethers    ....    916 

Chlorocerotic  add  (a.  Cerotic  add,  p. 

887). 

Chlorodnnamic   add    (aee   Cinnamic 

iicid). 

Chlorocinnoie  (s.  Cittnarayl). 

Chlomchloric  add — 

Chlorocomenic  add  (s.  Comenic  add). 

Chlorocumene  (see  Camene). 

Chlorocnminol  (a.  Cnminol). 

Chlorocyanamide   )  ,.  ri«-«.«.5/i*> 
ChlorocyaniUde     )  <••  C.vanamide). 

Chlorodraconesic  add  (syn.  with  Chlora« 

uisic  add.    See  Aniaic  add,  p.  802). 

Chlorodraconyl 917 

Chloroenanthic  add  (s.  OSnanthic  add). 

Obloroform — 

Solubility  of  alkaloids  in  chloroform    919 
Chloroformrr-hyposnlphnric  add  (syn. 

with  DichloFumethyUnlphnrons  add. 

See  Methyl). 
Ch'niogRnic  acid  (s.  Cafletannic  add,  p. 

709\ 


Ghlorogenin  .       .       .       r       .    fwl 

Chloromelal  •— 

Chioromdane  (s.  Oonstadtit*). 
Chloromelaniline  .^s.  Melaniline). 
Chloromercurates  ...,.*. 
Chloromediate  of  Methylene         .       •     — 

Chloromethylase — 

Chloronsptnane  (s.  Nnphthalene). 
Chloronaphthalic  add  (a.  Nnphthaka^ 

Ghlorine-derivatiyea  of). 

Chloroniodc  add -• 

Chloropal        .....,_ 
Chloropalladates    ....,-. 

Chloropalladites — . 

Chloropalmitic  add  (a.  Palmitic  add). 
Chloroperchloric  add     .       .       ,       .      — 
Chloroplueite  .       .       •       .       • 

ChlorophsBnerite    •       .       .       .   *   . 

Chlorophane • 

Chlorophenenc  acid  \ 

Chlorophenisic  acid  [  (a.  Phenic  add). 

Chlorophennaic  add  i 

Chlorophenyl 

Chlorophosphide  of  Nitrogen  (a.  Nitro- 

Ken). 

Chlorophyll 

Chlorophyllite 

(^loropicrin   ....«• 

Bromopicrin    .       •       •       •       •     ^ 
(Jhloroplatinntea     .....      — 

Qiloroplatinites — 

Chlororfaodates — 

Chlorumbin  (s.  Kubin  and  Madder). 
Chloroaalidn  (Sb  Salidn). 
Chlorosaliffenin  (s.  SaHgenixiX 
Chlorosamide  (syn.  with    Hydride   of 

Chlorosalicyl ;  s.  Salicyl). 

Chlorospind — 

Chlorostiychnine  (s.  Strychnine). 
ChlorosQrracin  (s.  Styiadn). 

Chlorosncdc  acid 924 

Cblorosuodnimide  fa.  SncdnimideX 
Chlorosulphuric  add  (s.  Sulphury],  Chlo« 

ride  of). 
Chloroterebene  (s.  Terebene). 
Chlorovaleriaic  and  Chloro¥aleroaic  adds 

(a.  Valeric  add) 
Chloroxalorinic  add  fs.  Oxalic  ethers). 
Chloroxamethane  (%.  Oxamic  ethen). 
Chloroxethide  (a.  Oxalio  ethers). 

Chloroxethiise «- 

Chloroxynaphthalio  add  (a.  Oi^naph- 

thabc  add). 
Chochoca  .       .       •       •       .     -» 

ChodneiBte  (s.  CryoIite> 

Cholacrol ^ 

Cholalic  add .-. 

Choleic  acid *— 

Cbolesteric  add     •       .       •        .       .      

Chulesterin 9tft 

Cholestrophaae 92S 

Cholicaciid     .       .       •       •        .       .     .. 

Cholochrome 927 

Cholochromic  add 92g 

Cholddsnic  add    •       •       .       •       . 

Chololdicadd 

Cholonic  add  .  •  •  •  • 
Chondrin       •••••. 

Choodrodita 

Chondro|ren    ..•••. 

Chondioltea 

Ghonicrite  ..••.« 
Chrismatin  •.•••• 
ChrisUanite  (s.  Pbillipsita). 
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ChromatM  .  .  .  . 
CbromatM  of  Ammoaium 
ChromAte  of  Barium 
Chromate  of  BUmnth 
Chromate  of  Cadminm 
Chromato  of  Caldam. 
Chromata  of  Caldom 


sinm 
Chromate  of  Ceriam 
Chromate  of  Chromium 
Chromate  of  Cobalt 
Chromatea  of  Copper 

AmmoQio-chromata 

Chromate  of  Copper  and  Potaa- 
■ium 
Chromate  of  Glocinnm 
Chromate  of  Iron    . 
Chromatea  of  Lead : 

Neutral  chromate 

Di  hasic  chromate 

Seaqnibaaic  chromate 

ChromAte  ct  Lead  and  Copper 
Chromatea  of  Lithium,  Magneaiam, 

Manganese,    Mercury,     Molyb- 
denum, Nickel     . 
Chromatee  of  Potaanum  .       . 

Neutral  chromate 

Acid  chromate 

Hyperacid  chromate     . 

Chromate  of  Potaeainm  and  Am 


and 


Potaa- 


PAOB 

930 
982 


983 


984 


monium    .... 
Chromate  of  Potaeaium  with  Mer^ 

curie  chloride   . 
Chromate  of  Potaasium  with  Mer 

cunc  cyanide    . 
Chromochloride  of  Potaaaiam 
Chromatea  of  Silver 

A  mmonio-chromate 
Chromatea  of  Sodium,   Strontium 

Tin,  and  Uraninm 

Chromatea  of  Vanadium  and  Yttrium 

Chromatei  of  Zino  . 

Ammonio-chromata     . 

Chromate  of  Zinc  and  Potaaaium 

Chrome-alum 

Chrome-green  .... 
Chrome-iron  ore  .  •  •  . 
Chrome-mica  ..... 

Chrome-ochre 

Chrome-  red  and  Chrome>3rellow    . 
Chromite  (a.  Chrome-iron  ore). 
Chromites  (p.  960). 
Chromium       .        .        •       •       • 
Chromium,  Bromidea  of. 
Chromium,  Chloridea  of: 

Protochloride  .        .        •        • 
Seaquichloride . 
Chromium,  Detection  and  Eatimation  of 

1.  Blowpipe  reaotiona      . 

2.  Reactions  in  solution  . 
8.  Quantitatire  estimation 

4.  Separation  from  other  elenentt 
6.  Valuation  of  Chrome*  ores  • 
6.  Atomic  weight  of  Chromium 

Chromium,  Fluorides  of: 

SeMuifluoride  .       •       •       • 
Trifluoride       .... 

Chromium,  Iodides  of    •       .       • 

Curoiuiuni,  Nitride  of     •        •       • 

Chromium,  Oxides  of: 

Protoxide,  or  Chromooa  oxide 
Chromoso-chromic  oxide 
Sesquioxide,  or  Chromic  oxide 
Chroiuic  hydrates     . 


985 
936 
987 


988 


989 


940 


941 

942 

948 

944 

946 
946 

947 


918 

949 
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Chromium,  Oxides  of: 

Chromic  aaltt  .       •       •       .    v60 
Chromitea         ....      — 

Compounda  of  Chromic  oxide 
with  Ammonia     ..... 

Brown    oxides   of   Chrominov    or 

Chromatea  of  Chromium      .        »    961 

Trioxide,  or  Chromic  anhydride     •    962 

Chromic  acid    ...... 

Perchromic  acid      ....    968 

Chromium,  Oxychloridea  of  .       •       .     .- 
a.  Compounds  of  sesquioxide  and 

sesquichloride  of  chromium     •     — • 
h  Chlorochromic  anhydrida    .       .    964 
Chromium,  Oxygen-salts  of  .        .       •      — 
Chromium,  Phosphide  of        •       •        •      -— 
Chromium,  Sulphides  of .       .       .       •      — 
Chromotartaric  acid       ....    965 

Chromule  (syn.  with  Chlorophyll). 

Chryiodine — 

Chrysamide — 

Chiysamidic  add — 

Chrysammic  acid — 

Chrysanilic  acid 967 

Chiysaniaic  acid — 

Chrysanthemum  segetum       .       .       •      — 

Chrysatric  acid — 

ChrysoLe        ......    968- 

Chrysobenrl — 

ChrysocolU .^ 

Chrysoharmine  (syn.  with  Nitroharmina). 
Chrysolepic  acid  (^m.  with  Picric  acid). 

Chrysolite » 

Chrysophane  (s.  ClintMiite). 

Chrysophanic  acid  ....,— 

Chrysopraae 961 

Chrysopraae  earth  (s.  Pimelite) 
Cbrvsorhamnin.~<^f7aoCUe         •       •      — 
Chuiariose      .        .    *  •       •       •       •     — 
Chusite  (a.  Olivine). 
Chvle      .......— 

Chyme 962 

Chymoein       .•••..-« 

Chytophyllite — 

Chytostilbite — 

Cibotinm — 

Cicer — 

Cichorium      ...•••     — 

Cicutine 968 

Cider — 

Cimicicadd 964 

Ctmmol  (a.  Cinnamyl,  Hydride  o^  pu  990). 

Cimmvl ,  — 

Cimohte.       .*..•.      — 

Cinacrol 966 

Cinsabene — > 

Cinaophane,  Cinaephene,  Cinaiphoiie       .      — 
Cinchona  barka: 

Occurrence — 

Varieti«>a 966 

Compoaition    .....— 

Reactiona 967 

Estimation  of  Alkalolda  .       .       .    968 

Cinchona-red 969 

Cinchona-tannic   add   (a.  Qninotannic 
add). 

Cinchonetine 971 

Cinchonicine  ..••••—> 

Cinchonidine — 

Salto  of  Cinchonidine       .       .       .972 

Methyl-dnchonidina       •       •       •    978 

Cinchonine      .        .        .        .        .        .      — 

Beta-dnchonine       •       •    •   •       .    974 

SalU  of  Cinchonine.    -   .       .       .976 
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CI]ichoBin«: 

Brominatad  and  Cblorinatad  Deri- 
▼ates  of  CinchoDina : 
Bromodnchonina 
Sesqni^bromocinchoiiiiia  . 
DibromodDchonina  .       • 
Dichloroduchooina  •        • 
ladodnchoDma . 
DarivatiTas  of  Ciiidionine  eontdn 
ing  Organic  Badiclaa: 
Baaiojl-^inebonina .       • 
MathjI-dnehonina  .       • 
Gfncboratina  .       .       •       .       • 
Cinnabar  (l  Mereniy). 

Ginnamain 

Cinnamane,  or  Stjrol  .  •  • 
Matadnnamana  •       • 

Bromida  of  dnnamaoa     •       • 
Nitrocinnamaoa      •  • 

Oinnamie  add.  •  .  ,  • 
dnaamatas  .  •  •  • 
Cinnamieathan: 

Cinnamata  of  Etbrl . 

Ginnamata  of  Mathyl 

Ginnamataof  Cinnjlf  Styraem 

Bromodnnamie  add 

Gblorodnnamic  acid 

Nitradnnamio  add .       . 

Nitrodnnamic  athan 

CInnamio  alcobol  (a^  Cinnylic  alcobol, 

p.  992). 
Cinnamic  aldahjda  (a.  Ciiinainjl,  Hjdrida 

of,  p.  990). 
Cinnamic  anhydrida 

Nitrodnnamic  anbydrida 

Cinnamida 

Kitrodnnamida 
Pbanjl-dnnamida  . 
Nitranisyl-cinnamidg^  or  Cinnitra< 
niddina        .... 
Cinnanilida  (a.  Cinnamida). 
Cinnbydramida       .... 
Cinnamon,  Oil  of,  and  Oil  of  Caaiia 

Reuni  from  dnnamon  oil 
Cinnamon-atona  .... 
Cinnamyl  ..... 
Cinnamyl,  Cblorida  of  .  .  • 
Cinnamyl,  ^'anida  of  .  .  . 
Cinnamyl,  Hydrida  of   . 

Coroponnd  witb  Hydrocbloric  add 
Compoand  witb  lodina  and  lodida 

ofpotaadnm 
Compoand  witb  Nitric  add 
Compoonda  witb  Add  aolpbitat  of 

alkali -metals 
Hydrida  of  Tetracbtoro-cinnamyl 
Cinnyf 
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978 


979 


CinnyUc  alcobol ;  Styrofu 
Cipouno  .... 
Cissampalina  (a.  Palosina). 
Gitraconamidea  and  Citraconanilidaa  (a. 

Citraconic  acid,  Amidaa  of). 
Gitraconic  add 

Citracooataa 
Citraconic  acid,  Amidaa  of: 
Citraconamida 
Citraconimide  . 

Pbenylcttraconimida,  or  Citra< 

couanil  . 
lodophenylcitraconimide 
Dinitropbanylcitraoonimida 
Citraoonamic  add    . 

PbanyldtFaoonamie  and  Dini 
trupkaoyldtraiDooamic  add 


960 

981 
962 

988 

986 

986 

987 

988 


989 


990 


991 


992 


992 
998 


1001 


(94 

-    I 
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Citraoonie  anbydiide      .       .       •       .    994 
Citraconic  or  Pyrocitric  cbloride  .      — 

Citraconic  etber  (p.  998). 
Citramidea  (p.  1000). 
Citraconimide  (p.  998). 
Citraconiodanil  (a}-n  witb  lodopbanyl* 

dtraconimide,  (p.  993). 
Citrena  .... 
Citric  add      • 

Citratea 997 

OzTcblorodtric  acid       ...    999 
Citric  acid,  Amidca  of    .       .       •       .1000 

Citramida 

Pbenyldtramide 

Pbenylcitrimide 

Pbenyldtramic  add 

Dipbenyldtramic  add 
Citric  etban    •       .       • 

Citrataa  of  methyl  • 

Citrate  of  etbyl 
Citridic  add  (a.  Aconitic  add,  p.  64). 
Citrilena  (a.  Gitiane,  p.  994). 

Citrin - 

Citriua — 

Citrocaric  and  Gtrolie  adda  .        .       •     •« 
Citrobianil,  or  CitrodianU  (a.  Citric  add* 

Araideaof) 
Citrobianilic   or  Citrodianilic  add  (a. 

Citric  add,  Amidca  of,  p  1000). 
Citroglycerin  (a.  Citrine). 
CitromanniCana       ....•" 
Citron,  Oil  of  (a.  Gtma  madio^  pw  1004). 
Citma  Anrantiam  .....  1002 

Citma  Bergamia 1008 

Citraa  Bigaradia     .        .    -  •        •       .     — 

Citma  LimetU — 

Citma  Limonum * 

Oil  of  Lamon  ...  .  .  — 
Hydrate  of  Lemon-oil  .  .1004 
Hydroehloratea  of  Leroon-oU  .  — 
Lemon-campbor,  or  GitroptflDa     — 

Citma  Lamia 1005 

Citma  madica 1006 

Citryl - 

Civet — 

Clarification 1007 

Claaaification — 

Claoatbalita 1028 

Clar        .••••••—' 

Ciay-alate 1026 

Clny  iron-atone      •••••     — 

Ciayite — 

Cleavage  of  Ciyatala  •  •  •  •  — 
Cleavlandita  ..••••  — 
Cieopbane  ...•••  — 
Clematis-camphor  ..•••  — 
Clematitin  ...•••  — 
Clinf^mannita  (a.  Margarita). 
Clinkstone  .  .  •  •  ,  •  •  — 
Clinochlora  .  .  .  •  '  •  .  — 
Clinodaae  (a.  AUdiite).         .       •       .  1028 

Clintonita •     * 

Clottda •       •     — 

CloveapOUof 1029 

Clorombrin    ...  •       •     — ■ 

Clab-moea  (a.  Lyoopodium). 

Clathalite — 

Cnicin     ..•••••—* 
Coagalnm       •••.«•     — 

Coal — 

Ooal-gM 1«M 
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Cobalt 1089 

Cobftlt,  Alloys  of 1041 

Cobalt,  Bromide  of — 

Cobalt,  Chlorides  of       .       .       .       .     . 
Cobalt,  Detection  and  Estimation  of: 

1.  Blowpipe  reactions  .  1042 

2.  Reactions  in  solution  .       .        .     — 

3.  QnantiUtive  estimation  .  1044 

4.  Separation  from  other  elements  .  1045 
6.  Yaloation  of  Cobalt-ores  .  .  1048 
8.  Atomic  weight  of  Cobalt  — 

Cobalt,  F4urthT — 

Cobalt,  Flaonde  of        ....  — 

Cobalt,  Iodide  of — 

Cobalt,  Oxides  of — 

Cobalt,  Oxysalphide  of  .        .       .       .  1050 

Cobalt,  Oxygen- salts  of         ...  — 

Cobalt,  Phosphides  of    .       .       .       .  — 

Cobalt,  red ^ 

Cobalt,  Selenide  of — 

Cobalt,  Solphides  of       .       .               .  — 

Cobalt-bases,  Ammoniacal                     .  1051 

Diammonio-cobaltic  salts  — 

Triammonio-oobaltic  salts       •  — 

Tetrammonio-cobaltie  or  Fnsoo-co- 

baltic  salts — 

Pentammonio-cobaltic  (Boaeo-  and 

Parporeo-cobaltic)  salts      .       .  1052 
Nitroeo- pentammonio-cobaltic  or 

Xantho-cobaltic  salts  .        .        .  1054 
Hexammoniocobaltie  or Lnteo-co- 

baltic  salts 1055 

Ammonio-percobaltic  or  Oxyoobal- 

tic  salts 1056 

General  formoliB  of  the  Ammonia- 

cal  Cohalt-oomponnds .       .       .  — 

Cobalt-bloom 1057 

Cobalt-blae    .•...•     — 
Cobalt-glance  (s.  Cobaltine). 

Cobalt  green — 

Cobaltine — - 

Cobalt-mica  (s.  Cobalt-bloom). 

Cobalt-pyrites  (s.  Cobalt,  salphjdes  of).  1058 

Cobalt-vitriol — 

Cobalt-yellow — 

Coca.— Cocaine 1059 

^^^«««}.«C««    .       .       .1060 

Coodn.— Coccinite — 

Coccinnic  acid. — Coodnonic  acid   .       .      •— 

Coccodea  viridis — 

Cocooenic  add — 

GooooUte — 

Cooooloba — 

Coocnlln  {s,  Pierotoxin). 

Goocnlos  indicns •— 

Coocosic  add — 

Cochineal       . — 

Cochineal-red 1062 

Cochlearia.— Cochlearin .       .  .  1068 

Cocinic  add — 

Codnin — 

Codnooe — 

Cocoa-nnt  oil .       •       •       •       .       .      — 

Codeine 1064 

SalU  of  Codeine      ....  1065 
Snbstitation  -  prodncts : 

Bromocodeme      .       •        . 

Tribromocodeine  • 

Chlorocodeina      • 
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1068 


1069 


Coddne 

Sobstitution-prodncts : 
Cyanocodeine 
Ethyleoddne 
lodocoddne 
Nitrocoddne 

Coelestin 

Coslocline — 

Coerulicacid — 

CcBralin — 

Coffee — 

Cofiee-leaTes 1075 

Coffdne  (s.  Caffeine). 

Cognac 1076 

Cohobation — 

Cohesion  and  Adhesion  ...•-» 

Colchiceine 1080 

Colchicine       .    * — 

Colchicnm 1081 

Goloothar 1082 

Colletiin — 

ColUdine — 

Ethyl-coUidine        ....  1083 

CoIIinic  add — 

CoUinic  aldehyde   ...  •     — 

Collodion        ....  .     — 

CoUyl,  Hydride  of .       .       .  .  1084 

CoUyrite — 

Colocynthin — 

Colocynthitin 1085 

Colombio  acid.— Colombin      .       .       .     — 

Colombo  root 1086 

Golophane.F-<}o]ophene.— Colophilene   .     — 

ColophoUcadd 1087 

Colophonic  adds — 

Colophonite — 

Colophonone — 

Colophony — 

Colorimeter 1088 

Colorin — 

Colostrum — 

Colour.— Colonting  matters    .       .       .  1088 
Columbite.— Columbinm        .       .       .  1089 

Combustion — 

Conditions  of  Inflammability  .  .  1094 
Nature  of  flame  ....  1096 
Causes  which  modify  and  extinguish 

combustion 1100 

Comenamethane 1102 

Comenamic  add — 

Comenio  add 1108 

Comenates 1104 

Bromocomenic  add  .1105 

Chlorocomenic  acid  .  .  .  1106 
Ethylcomenic  add  .       .       .       .     — 

Comptonite 1107 

Concentration — 

Conchiolin — 

Concretions,  Animal       .       •       •       .     — 

Condensation 1110 

Condrodite  (s.  Chondrodite). 

Condurrite •     — 

Conglomerate — 


1066 
1067 


ADDENDA 


Acetylene 
Allyiene . 
Cadum  . 


1111 
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I^Hihsd  in  July  1875,  and  may  sHU  he  hadt  in  Medium  ^to,pp,  1,222, 

price  42«.  eloth, 

RECENT  DISCOVERIES  IN  CHEMISTRY, 

BIIKO    A    SBOOMI)    STTFFLBIODIT    TO 

WATTS'S  DICTIONAEY  OF  CHEMISTRY, 

BBnronro  thb  bioobd  of 

CHEMICAL    DISCOVERY   DOWN    TO    THE  YEAR    1873. 
By  HBmRY  WATTS,  B.A.  F.II.S.  F.C.S. 

AeeitUd  hy  eminent  Seientifie  and  Praetical  Chemists,  Oontrihutcrs  to  the  Dictionary. 


This  Supplement  bringB  down  the  record  of  Chemical  Disoorery  to  the  end  of  the 
year  1872,  including  the  more  important  diaooyeriee  pabliahed  in  1873  and  1874. 

The  Author  etatea  in  his  Preface  that  he  has  again  been  favoured  with  the 
co-operation  of  two  of  the  former  Contributors  to  the  Dictionary,  namely,  Professor 
O.  C.  PosTSB,  F.R.S.  and  Professor  Boscob,  F.R.S.  and  that  he  has  been  able  to  add 
to  the  list  the  names  of  three  other  gentlemen — ^Dr.  H.  £.  Abhstbomg,  Dr.  H.  Hswsll 
Hasten,  and  Mr.  B.  Wabington — who  have  contributed  articles  of  great  interest  and 
importance. 

Amongst  the  subjects  treated  in  this  supplementary  volume  the  following  may  be 
mentioned  as  deserving  of  special  notice : — 

1.  Phi/sieal  and  General  Chemistry,  The  article  'Chemical  Action'  contains  an 
account  of  the  important  researches  of  Bbbthblot  on  the  State  of  Salts  in  Solution, 
and  of  those  of  Favbb  andVALsoM  on  the  Decomposition  or  Dissociation  of  Crystalline 
Salts  in  Solution.  The  article  *Heat'  includes  a  description  of  Bumsbn's  Ice- 
calorimeter;  a  summary  of  the  results  obtained  by  Thomsbn  and  by  Majugmac  on 
the  Specific  Heats  of  Bodies  in  solution,  and  of  the  extensive  and  important  researches 
of  Thomsbk  and  of  Bbbthblot  on  the  Heat  developed  in  Chemiccd  Action.  Under 
'  Explosion  *  are  given  the  results  of  recent  investigations  made  in  this  country  by 
Mr.  Abbl,  and  in  France  by  Bbbthblot,  and  by  Champion  and  Pbllbt  on  the  con- 
ditions which  determine  the  Explosive  Force  of  Powder  and  other  Detonants,  on  the 
dependence  of  Explosion  on  Vibration,  and  on  its  transmission  at  a  distance ;  and 
under  'Gunpowder'  the  very  important  experiments  lately  published  by  Captain 
Noblb  and  Mr.  Abbl  on  the  Products  of  Combustion  of  Powder,  and  on  its  Explosive 
Force  when  fired  under  various  conditions.  The  article  'Electricity'  contains  an 
account  of  Bbcqxtbbhl's  Researches  on  Electro-capillary  Action,  of  Quikcxb's  General 
Theory  of  Electrolysis,  and  of  Favbi^s  Besearches  on  the  Heat  developed  in  the 
Voltaic  Current  'Magnetism,'  by  Prof.  Fostbb,  gives  the  results  of  recent  investi- 
gations on  the  exact  measurements  of  the  Magnetic  Forces.  '  Light '  includes  the 
continuation  of  Dr.  Gladstokb's  researches  on  Befraction  and  Dispersion,  together 
with  many  interesting  results  of  recent  investigations  on  Absorption,  Fluorescence, 
and  Circular  Polarisation.  Dr.  Boscob  has  kindly  contributed  an  article  on  the 
*  Chemical  Action  of  Light,'  including  a  description  and  figure  of  his  new  Self-record- 
ing arrangement  for  uie  measurement  of  tnis  action ;  and  another  on  '  Spectral 
Analysis,'  giving  an  account  of  the  most  recent  investigations  on  the  subject. 

2.  Inorganio  Chemistry.  Among  the  numerous  articles  belonging  to  this  depart- 
ment of  Chemistry,  speoal  mention  may  be  made  of  those  relating  to  the  Chlorine- 
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compoimds  of  Fhosphonu  and  Salphiir;  to  Scui3'iiuiMBiBO>B*8  retearelies  on  tht 
Carbonyl-compoondfl  of.  Platiimm,  and  on  the  Fhospho-platinie  Gompotuids ;  to  thosa 
of  Cliyb  on  the  Ammoniacal  Gomponnds  of  Platmnm ;  and  to  Smaif'a  uMthod  of 
preparing  Malleable  Izon  and  Steel  directly  £rom  the  Ore. 

3.  Orgamc  Chemistry,  Belonging  to  this  department  axe  seTeral  articlas  relating 
to  the  uitereeting  diacoveriee  of  Sckobiaochb  on  the  Paraffins  and  laomerie 
Alcohols  and  Ethers  derived  from  them;  also  Yoir  Mbtbb's  reseaxches  on  the 
Nitroparaffins,  and  the  disoovary  of  a  new  class  of  acids  called  NitroUe  Adds.  The 
Isomerism  of  the  Deriyatiyes  of  Bensene  is  dissnssed  in  nnmerons  articles,  and 
especially  in  a  highly  important  and  elaborate  article  by  Dr.  AnimBOiio  on  *  Phenols* 
and  their  deriyatiyes,  including  the  most  recent  additions  to  oqr  knowledge  of  these 
Bbdies. 

4.  Phyiiohgieal  ChemiMtry.  A  series  of  interesting  articles  relating  to  this 
department  of  Chemistiy,  yiz.  *  Digestion'  'Gastric  Jmce/  'Glycogen,'  'Mnseolar 
Tissne,'  <  Proteids,'  *  Bespiration,'  ami  '  Unnsp'  has  been  oommnnioatel  by  Dr.  H.  N. 
Martin,  of  Christ's  OoUege,  Cambridge. 

5.  JarieiUtural  Chemistry.  In  this  department  Mr.  R.  WAUiroTOK  oontribntei  a 
yery  yaliiable  series  of  articles,  yiz.  * Fodder-plantSp'  'Maise,'  'Malt,'  'Manine,' 
'Millet,'  'Oats,'  'Root-crops,'  iTifflniling  a  large  amount  of  original  information 
kindly  eommonicated  by  Messrs.  Lawis  and  Gilbbbt,  relating  to  the  results  of  leeent 
inyestigations  at  Mr.LAwns's  experimental  &rm  at  Rothamsted. 
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'  The  Dktumary  ^  Chemistry,  edited 
by  HflOTRT  Watts,  is  one  of  the  most 
yaloable  oon£ribiitions  to  chemical  science 
of  which  this  country  can  boast,  and  it  is 
only  an  act  of  justice,  such  as  we  might 
reasonably  expect,  that  its  Publishers 
should  from  time  to  time  issue  supple- 
ments giyinff  the  changes  and  new  dis- 
coyeries  in  we  science,  instead  of  forcing 
the  purchasers  of  a  yaluable  and  neces- 
sarily expensi  ye  book  to  buy  new  editions 
or  &11  behind  in  their  information.  It 
is  only  about  three  years  since  the  com- 
pletion of  the  last  of  the  five  yolumes 
comprising  the  Dictionaiy  as  first  pub- 
lished ;  but  such  rapid  strides  are  made 
in  chemistry,  that  in  order  to  record  the 
changes  and  discoyeries,  a  Supplement  of 
oyer  eleyen  hundred  pages  is  required. 
Of  course,  it  is  impossible  from  such  a 
work  to  quote  any  passage  to  show  its 
merits;  but  the  Dictionary  is  so  well 
known  to  chemists  that  they  will  readily 
belieye  ns  when  we  say  that  in  the 
SiTFFLnnMT  there  is  eyen  an  increase  in 
that  careful  and  laborious  editorial  work 
so  absolutely  necessary  to  make  a  book  of 
this  kind  a  standard  of  reference.* 

SOOTSIULK. 

'  To  aflbrd  a  complete  and  aocorate 
yiew  of  the  contents  of  a  dictionary  is 


extremely  difficult,  howeyer  ftill  a  notice 
may  be  giyen  of  it ;  and  this  difficulty  i« 
certainly  not  diminished  whan  it  is  s 
StrppLncEMT  expressly  written  to  record 
the  progress  of  the  science  of  chemistry 
since  the  publication  of  a  work  gMieiaUy 
admitted  to  be  azhaustiye  at  the  date  of 
issue.  The  SvPFLmaDrr  extends  oyer 
1,136  closely-printed  pages,  and  may 
therefore  be  regarded  as  forming  a  monih 
ment  to  the  progress  of  the  science  within 
the  past  few  years,  and  to  the  in^istiy  of 
the  author  of  the  record.  .  .  .  From  this 
outline  of  the  article  on  Inorganic  Analysis 
by  FUme  Reaction,  it  will  at  once  bt 
seen  that  the  subject  is  treated  in  aa 
exhaustiye  and  thoroughly  practical  man- 
ner, yet  this  forms  but  one  of  almost 
innumerable  articles  of  equal  utility  and 
interest.  The  SuFPunoDfr  alone  contains 
an  amoont  of  information,  compressed 
into  a  comparatiyely  small  space,  which 
is  really  manrelloas,  and,  zegaided  as 
part  of  the  Dictionaiy,  will  make  the 
entire  work  as  nearly  perfect  as  need  be 
desired.  It  may  well  be  regarded  as  a 
good  substitute!  for  the  most  judiciously 
selected  chemist's  library  that  could  be 
purchased  for  ten  times  the  price  atwhish 
the  whole  six  yolumes  axe  published.' 

MhrDfo  JousKAL 


London,  LONGUANS  &  CO. 


Works  on 


February,  1883. 


MEDICINE,     SURGERY, 


AND 


GENERAL    SCIENCE, 

PUBLISHED  BY 

MESSRS.  LONGMANS  AND  CO., 

PATERNOSTER  ROW,   LONDON, 


The  science  and  art  of  surgery; 

Being  a  Treatise  on  Surgical  Injuries,  Diseases,  and  Operations.  By  Ton  N 
Eric  Erichsen,  F.R.C.S.,  Surgeon-Extraordinary  to  H.M.  Queen 
Victoria ;  Member  of  Council  and  of  the  Court  of  Examiners  of  the  Royal 
College  of  Surgeons;  Emeritus  Professor  of  Surgery  and  of  Clinical  Surgery 
in  University  CoUe^  ;  Consulting-Surgeon  to  University  College  Hospital, 
and  to  various  Medical  Charities.  The  Seventh  Edition,  enlarged  and  care- 
fully revised  ;  pp.  2,072,  illustrated  by  862  Engravings  on  Wood.  2  vols. 
8vo,  price  36X. 
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^   SYSTEM  OF  SURGERY, 


Theoretical  and  Practical,  in  Treatises  by  various  Authors.  Edited  by 
Timothy  Holmes,  M.A.,  Suiigeon  to  St.  Geoi]ge*s  Hospital,  Membre 
Correspondant  de  la  Sodete  de  Chinirgie  de  Paris;  and  J.  W.  Hulke, 
F.R.S.,  Surgeon  to  the  Middlesex  Hospital  and  to  the  Royal  London 
Ophthalmic  Hospital.  Third  Edition,  in  Three  Volumes,  with  Coloured 
Lithographic  Plates  and  numerous  Illustrations  engraved  on  Wood.  3  vols, 
royal  8vo.  price  Four  Guineas. 


In  this  third  edition  the  same 
general  arrangement  has  been 
followed  as  in  the  two  former : 
but  many  of  the  Treatises  have 
been  entirely  re-written,  others 
greatly  modified,  and  all  care- 
ftilly  revised,  either  by  the 
original  Authors  or  by  surgeons 
of  known  authority  on  the  topics 
in  question.  The  Editors  have 
thus  attempted  to  adapt  the 
book  to  the  great  changes  and 
advances  which  have  been  made 
in  surgery  during  the  interval 
since  its  last  publication  ;  whilst 


the  publishers  have  been  en- 
abled, by  careful  condensation 
on  the  part  of  the  Authors,  and 
by  the  use  of  a  less  expensive 
style  of  typography,  to  issue  the 
work  at  a  reduced  price,  and  at 
the  same  time  to  add  largely  to 
the  illustrations.  It  is  hoped 
that  the  new  edition  will  main- 
tain the  reputation  of  the  System 
of  Surgery  as  a  faithfid  mirror 
of  the  teaching  and  practice  of 
surgery  in  England  at  the  pre- 
sent day. 
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UAIN'S    ELEMENTS    OF    ANATOMY. 

The  Ninth  Edition.  Rc-cdited  by  Allen  Thomson,  M.D.,  LL.D., 
F.R.S.,  L.  &  E.,  formerly  Professor  of  Anatomy  in  Uie  Univereily  uf 
Glasgow;  Edward  Albert  Schafer,  F.R.S.,  Assistant  Professor  of 
Physiology  in  University  College,  London  ;  and  George  Dancer  Thanf, 
Professor  of  Anatomy  in  University  College,  London.  With  upwards  of 
i,ooo  lUubtrations  engraved  on  Wood,  of  which  a  large  proportion  are 
Coloured.    2  vols,  medium  8vo,  price  iS/.  each. 


A  NATOMY,   DESCRIPTIVE  AND  SURGICAL. 

By  Henry  Gray,  F.R.S.,  late  Lecturer  on  Anatomy  at  St  George's 
Hospital.  With  557  large  Woodcut  Illustrations;  those  in  the  First 
Edition  af^er  Original  Drawings  by  Dr.  Carter,  from  Dissections  made 
by  tlie  Author  and  Dr.  Carter;  the  additional  Drawing  in  the  Second 
and  subsequent  Exiitions  by  Dr.  Westmacott,  and  other  Demonstrators  of 
Anatomy.  The  Tenth  Edition,  re-edited  by  T.  Pickering  Pick,  Surgeon 
to  St.  George's  Hospital;  Examiner  in  Anatomy,  Royal  College  of  Surgeona 
of  England.     Royal  8vo,  jor. 
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MANUAL  OF   OPERATIVE   SURGERY  ON 

THE  DEAD  BODY. 

By  Thomas  Smith,  Surgeon  to,  and  Lecturer  on  Anatomy  at,  St.  Bar- 
tholomew's Hospital.  A  New  Edition,  re-edited  by  W.  J.  Walj»ham, 
Demonstrator  of  Anatomy  and  Operative  Surgery  to  St.  Bartholomew's 
Hospital  Medical  School.    With  40  Illustrations.    8vo,  price  \2s, 

ANATOMICAL   OUTLINES    FOR   THE    USE 

-^^     OF  STUDENTS  IN  THE  DISSECTING  ROOM. 

By  Arthur  Hensman,  Senior  Demonstrator  of  Anatomy  at  the  Middle- 
sex Hospital.  Comprising  117  Plates  from  original  Drawings  by  Arthur 
E.  Fisher,  with  Explanatory  Tables  by  Mr.  Hensman.  Complete  to 
super-royal  8vo,  in  Four  Parts,  each  to  be  had  separately.  Part  I.  The 
Upper  Limb,  3J.  td. ;  Part  II.  The  Itnuer  Limb,  y.  &/.;  Part  III.  The 
Thorax  and  Abdomen,  y,  6d, ;  Part  IV.  The  Head  and  Neck,  y,  6J. 

(COMPARATIVE    ANATOMY    AND    PHYSIO- 

^^    LOGY  OF  THE  VERTEBRATE  ANIMALS. 

By  Richard  Owen,  F.R.S.,  Superintendent  of  the  Nat  Hist.  Depart- 
ments, British  Museum.      3  vols.  8vo,  with  1,47a  Woodcuts,  73/.  6d. 
Vol.  I.  Fishes  and  Reptiles,  with  452  Woodcuts,  2ix. 
Vol.  IL    Warm-blooded  Vertebrates,  with  406  Woodcuts,  2IJ. 
Vol.  III.  Mammalia,  including  Man,  with  614  Woodcuts,  3tJ.  6«/. 
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XABLETS     OF    ANATOMY     AND     PHYSIO- 

^      LOGY. 


By  Thomas  Cooke,  F.R.C.S.,  Senior  Assi^nt-Surgeon  to  the  West 


*  * 


pendix  containing  most  of  the  New  Discoveries  of  Importance.  Anatomy, 
complete,  Second  Edition.  4to,  price  \y.  Physiology,  complete,  Second 
Edition.     4to,  price  lOr.    . 

These  Tablets  may  still  he  had  in  separate  FasckmH  as  originalfy  published. 
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1?XPERIMENTAL  PHYSIOLOGY,  ITS   BENE- 

^     FITS   TO   MANKIND; 

With  an  Address  on  Unveiling  the  Statue  of  William  Harvey  at  Folke- 
stone, August,  1 88 1.    By  Richard  Owen,  F.R.S.,  &c.    Crown  8vo»  51. 


OUTLINES  OF  PHYSIOLOGY,  HUMAN  AND 

^^     COMPARATIVE. 

By  John  Marshall,  F.R.S.,  Professor  of  Surgeiy  in  University 
College,  London;  Suigeon  to  the  ITniversity  College  HospitaL  With 
12a  Woodcut  Illustrations.     2  vols,  crown  8vo,  yis. 


^/X^N^> 'v  rx^y      v,\    -\r\0 


VrOTES    ON    PHYSIOLOGY    FOR    THE    USE 

^^     OF  STUDENTS  PREPARING  FOR  EXAMINATION. 

By  Henry  Ash  by,  M.D.  Lond.,  Physician  to  the  General  Hospital  for 
Sick  Children,  Manchester ;  formerly  Demonstrator  of  Physiology,  Liverpool 
School  of  Medicine.  Third  Edition,  thoroughly  revised,  with  new  matter 
added  in  several  of  the  Sections.     i8mo,  price  y. 

HEALTH  IN  THE  HOUSE. 

Twenty-five  Lectures  on  Elementaiy  Physiology  in  its  application  to  the 
Daily  wants  of  Man  and  Animals.  By  Mrs.  C.  M.  Buckton,  Member 
of  the  Leeds  School  Board.  Twelfth  Edition,  thoroughly  revised ;  with 
41  Woodcuts  and  Diagrams.     Small  8vo,  price  is. 


T  ECTURES     ON     THE     PRINCIPLES     AND 

^^    PRACTICE  OF  PHYSIC. 

Delivered  at  King's  College,  London,  by  Sir  Thomas  Watson,  Bart., 
M.D.,  F.R.S.,  Hon.  LL.B.  Cantab.,  Hon.  D.C.L.  Oxon.,  &c.,  Phjrsiciaii- 
in-Ordinary  to  the  Queen.  Fifth  Edition,  revised  and  enlarged,  with  two 
Plates.      2  vols.  8vo,  price  3dr. 

CLINICAL  LECTURES  AND  ESSAYS. 

By  Sir  James  Paget,  Bart.,  F.R.S.,  D.C.L,  Oxon.,  LL,D.  Cantab., 
&c,  Serjeant-Surgeon  to  the  Queen,  Sui^con  to  the  Prince  of  Wales, 
Consulting- Surgeon  to  St.  Bartholomew's  Hospital.  Edited  by  F.  Howard 
Marsh,  Assistant- Surgeon  to  St.  Bartholomew's  Hospital.  Second  Edi- 
tion, revised.     8vo,  15/. 
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EXAMINATION  QUESTIONS  IN   ANATOMY, 

PHYSIOLOGY,  BOTANY,  MATERIA  MEDICA,  SURGERY, 
MEDICINE,  MIDWIFERY,  AND  STATE-MEDICINE. 
Arranged  by  H.  A.  Husband,  M.B.,  M.C.,  M.R.C.S.,  L.S.A.,  &c. 
Third  Edition,  revised  and  augmented.     32mo,  price  4r.  6</. 
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A    DICTIONARY  OF   MEDICINE  ; 

^^^  Including  General  Pathology,  General  Therapeutics,  Hygiene,  and  the 
Diseases  peculiar  to  Women  and  Children.  By  Various  Writers.  Edited 
by  Richard  Quain,  M.D.,  F.R.S.,  Fellow  of  the  Royal  Cdlegc  of 
Physicians^  Consulting  Physician  to  the  Hospital  for  Consumption, 
Brompton.  Pp.  1,836,  with  138  Illustrations  engraved  on  wood,  i  Vol., 
Medium  8vo,  311.  M.  doth,  or  40;.  halfmssia.  To  be  had  also  in  Two 
Volumes,  price  34J.  cloth. 
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'THE  MEDICAL  LANGUAGE  OF  ST.  LUKE. 

A  Proof  from  Internal  Evidence  that  the  Gospel  according  to  St  I«uke  and 
the  Acts  of  the  Apostles  were  written  by  the  same  person,  and  that  the 
Writer  was  a  Medical  Man.  By  the  Rev.  Wiltjam  Kirk  Hobart, 
LL.D.  Ex-Scholar,  Trinity  College,  Dublin.    8vo,  i6s. 


THE    SENSES    AND    THE   INTELLECT. 

By  Alexander  Bain,  LL.D.,  Professor  of  Logic  in  the  University  of 
Aberdeen.  Third  Edition,  with  numerous  Emendations,  and  a  Review  of 
Darwin  on  Expression  as  a  Postscript.    8vo,  15/. 

'The  emotions  and  the  will. 

By  the  same  Author.  Third  Edition,  thoroughly  revised,  and  in  great  part 
re-written,    8vo,  price  15J. 

IVTENTAL  AND   MORAL  SCIENCE: 

^^^     A  Compendium  of  Psycholc^  and  Ethics.     By  the  same  Author.     Fourth 
Edition.     Crown  8vo,  tor.  Sd, 

T  OGIC,    DEDUCTIVE    AND    INDUCTIVE. 

By  the  same  Author.  In  Two  Parts,  crown  8vo,  price  lor.  6«/.  Each 
Part  may  be  had  separately : — 

Part  I.,  Deduction,  price  4^, ;  Pakt  II.,  Induction,  price  6s.  6d, 
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XHE    HISTORY    OF     PHILOSOPHY     FROM 

'■'      THALES   TO  COMTE. 

By  George  Henry  Lewes.    Fourth  Edition,  re-written  and  greatly 
enlarged.    2  vols.  8vo,  price  32J. 


A      SYSTEM     OF     LOGIC,    RATIOCINATIVE 

'^^    AND  INDUCTIVE; 

Being  a  Connected  View  of  the  Principles  of  Evidence  and  the  Methods  of 
Scientific  Investigation.    By  John  Stuart  Mill.    The  Tenth  Edition. 
2  vols.    8vo,  price  2^, 

HANDBOOK    OF   T.  S.  MILL'S   SYSTEM   OF 

LOGIC. 

By  the  Rer.  A.  H.  KiiXICK,  M.A.    Thiid  Editkw.    Crown  Svo^  y.  60. 
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I^id^alass  anb  ilgt  €xt«tmid  at  ^muM, 

A   MANUAL  OF  PATHOLOGY, 

Including  General  Pathology  and  Pathological  Anatomy.  By  Joseph 
CoATSi  M.D.,  &c.  ;  Pathologist  and  Lecturer  on  Pathology  in  the  Western 
Infirmary,  Examiner  in  Pathology  in  the  University  of  Glasgow,  lately 
President  of  the  Pathological  and  Clinical  Society  of  Glasgow. 

[In  preparation, 

T  ECTURES  ON  SURGICAL  PATHOLOGY, 

Delivered  at  the  Royal  College  of  Surgeons  of  England.  By  Sir  James 
Paget,  Bart.,  F.R.S.,  D.C.L.  Oxon.,  LL.D.  CanUb.,  &c,  Serjeant- 
Surgeon  to  the  Queen,  Surgeon  to  the  Prince  of  Wales,  Consulting- 
Surgeon  to  St.  Bartholomews  HospitaL  Third  Edition,  re-edited  by  the 
Author  and  W.  Turner,  M.B.    8vo,  with  131  Woodcuts,  ^u. 


QN    IN-KNEE    DISTORTION    (Genu    Valgum): 

^^^  Its  Varieties  and  Treatment  with  and  without  Surgical  Operation.  By  W. 
J.  Little,  M.D.,  F.R.C.P.;  Author  of  "The  Deformities  of  the  Human 
Frame,*'  &c  Assisted  by  MuiRHEAi)  Little,  M.R.C.S.,  L.R.C.P. 
With  40  Woodcut  Illustrations.    Second  Edition.    8vo,  price  7x.  6^. 


ON  CONCUSSION  OF  THE  SPINE,  NERVOUS 

^^      SHOCKS, 

And  other  Obscure  Injuries  of  the  Nervous  System  in  their  Clinical  and 
Medico-Legal  Aspects.  By  John  Eric  Erichsbn,  F.R.S.,  &c. ;  Surgeon 
Extraordinary  to  the  Queen.  New  and  Revised  Edition.  Crown  8vo,  price 
lOr.  (yt 

A    TREATISE  ON  MEDICAL  ELECTRICITY, 

^^^    THEORETICAL  AND  PRACTICAL; 

And  its  Use  in  the  Treatment  of  Paralysis,  Neuralgia,  and  other  Diseases. 
By  Julius  Altmaus,  M.D.,  &c.,  Senior  Physician  to  the  Infirmary  for 
Epilepsy  and  Paralysis.  Thiitl  Edition,  enlarged  and  revised ;  with  F47 
Illustrations  engraved  on  Wood.    8vo,  price  i£. 

A      HANDBOOK     ON     DISEASES     OF     THE 

^^    SKIN, 

With  especial  reference  to  Diagnosis  and  Treatment.  By  Robert  Li  vetng, 
M.A.  &  M.D.  Cantab.,  F.R.C.P.  Lond.,  &c..  Physician  to  the  Depart- 
ment for  Diseases  of  the  Skin  at  the  Middlesex  Hospital.  Third  Edition, 
revised.     Fcap.  8vo,  price  51. 

jSJOTES  ON  THE  TREATMENT  of  SKIN  DISEASES. 

By  the  same  Author.     Fifth  Edition.     i8mo,  price  31. 

gLEPHANTIASIS  GRiECORUM,  or  TRUE  LEPROSY; 

Being  the  Goulstonian  Lectures  for  1873.  ^y  ^^'^  same  Author.  Cr.  8vo,  ^r.  dd. 


WORKS  OX  MEDICINE,   SURGERY  dr-r. 


ON 


O 


BRONCHITIS, 

And  the  Morbid  Conditions  connected  with  it.  Being  Clinical  Lectures 
delivered  at  the  Middlesex  Hospital.  By  £.  Headlam  Green  how, 
M.D.,  F.R.S.,  Fellow  of  the  Royal  College  of  Physicians,  and  Physician 
to  the  Middlesex  Hospital.  Second  Editioui  revised  and  greatly  enlarged. 
8vo,  price  lOf.  6</. 

N    ADDISON'S    DISEASE, 

Being  the  Croonian  Lectures  for  1875,  delivered  before  the  Royal  College 
of  Physicians,  revised  and  illustrated  by  Reports  of  Cases.  By  the  same 
Author.     With  5  Plates  of  Figures  (3  coloured).     8vo,  price  I2J.  6<2. 
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CLINICAL  LECTURES  ON  DISEASES  OF  THE 

LIVER,  JAUNDICE  AND  ABDOMINAL  DROPSY; 
Including  the  Croonian  Lectures  on  Functional  Derangements  of  the  Liver 
delivered  at  the  Royal  College  of  Physicians  in  1874.  By  Charles 
MuRCHisoN,  M.D.,  LL.D.,  F.R.S.,  &c.;  Physician  and  Lecturer  on  the 
Principles  and  Practice  of  Medicine,  St.  Thomas's  HospitaL  Second 
Edition,  thoroughly  revised  and  enlarged ;  with  37  Illustrations  engraved 
on  \Yood.     8vo,  price  2IJ, 
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TREATISE  ON  THE  CONTINUED  FEVERS 

OF    GREAT    BRITAIN. 

By  Charles  Murchison,  M.D.,  LL.D.,  F.R.S.,  &c.,  Fellow  of  the 
Roval  College  of  Physicians  ;  Physician  and  Lecturer  on  the  Principles 
and  Practice  of  Medicine,  St.  Thomas's  Hospital  Second  Edition, 
thoroughly  revised  and  enlarged  ;  livdth  5  Chromolithographs,  19  Diagrams 
in  Lithography,  and  22  Illustrations  engraved  on  Wood.     8vo,  price  241. 
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A    TREATISE  ON  GOUT  AND  RHEUMATIC 

GOUT  (RHEUMATOID  ARTHRITIS). 

By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  &c;  Consulting  Physician 
to  King's  College  Hospital.  Third  Edition,  thoroughly  revised  and  en- 
larged ;  with  6  Plates,  comprising  21  Figures  (14  Coloured),  and  27  Illus- 
trations engraved  on  Wood.     8vo,  price  21/. 

HIMALAYAN    AND    SUB-HIMALAYAN    DIS- 

TRICTS    OF    BRITISH    INDIA, 

Their  Climate,  Medical  Topography,  and  Disease  Distribution :  with  reasons 
for  assigning  a  Malarious  Origin  to  Goitre,  and  some  other  Diseases.  By 
F.  N.  Macnamara,  M.D.,  F.R.G.S.,  Surgeon-Major  (retired)  Indian 
Medical  Service.    With  Map  and  Fever  Chart     8vo,  price  2ix. 

Diseases  of  the  kidney  and  urinary 

DERANGEMENTS. 

By  W.  HowsHiP  Dickinson,  M.D.  Cantab.,  F.R.C.P.,  &c.  Physician  to, 
and  Lecturer  on  Medicine  at,  St.  George's  Hospital.  In  Thx«e  Parts. 
Part  l.—DiabeUs,  with  3  Plates  of  Figures  and  17  Woodcuts.  8vo, 
price  loj.  6d,  Part  U.—Aiduminuria,  with  1 1  Plates  and  31  Woodcat-s 
price  20X. 

•^*  The  Two  Parts  may  be  had  separately,  each  an  independent  work  : 
Part  l,^DiabfUs,  price  12s,  cloth.  Part  II.— Being  the  Second  Edition 
Revised  of  Dr.  Dickinson's  »*  Patholc^  and  Treatment  of  Albuminuria," 
price  21J.  cloth.    Part  III.,  completing  the  work,  is  in  the  Press. 
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pLINICAL    RESEARCHES    ON    DISEASE    IN 

V    INDIA. 

By  Charles  Moremeao,  M.D.,  Surgeon  to  the  Jamsetjee  Jeejeebhoy 
HospitaL     Second  Edition,  thoroughly  revised.    8vo,  2if. 


ON  THE  USE  OF  THE  LARYNGOSCOPE  IN 

^^    DISEASES  OF  THE  THROAT; 

With  an  Appendix  on  Rhinoscopy.  By  Morell  Mackenzie,  M.D. 
Lond.,  Senior  Physician  to  the  Iiospital  for  Diseases  of  the  Throat  and 
Chest,  and  Lecturer  on  Diseases  of  the  Throat  at  the  London  Hospital. 
Third  Edition,  revised  and  enlarged;  with  47  Woodcut  Illustrations. 
8vo,  price  6x. 

J3ENTAL  PATHOLOGY  AND  SURGERY. 

By  S.  James  A.  Salter,  M.B.,  F.RS.,  Examiner  in  Dental  Surgery  at 
the  Collie ;  Dental  Surgeon  to  Guy*s  Hospital.  With  133  Illustrations. 
8vo,  price  i8x. 

QUNSHOT  INJURIES. 

Their  History,  Characteristic  Features,  Complications,  and  General  Treat* 
ment ;  with  Statistics  concerning  them  as  they  are  met  with  in  Warfare. 
By  Surgeon-General  T.  Longmore,  C.B.,  F.R.C.S.,  Honorary  Surgeon 
to  H.M.  Queen  Victoria;  Professor  of  Military  Surgery  in  the  Army 
Medical  School.     With  58  Illustrations.     8vo,  price  3i«.  hd. 
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CAN  REMO  AND  THE  WESTERN  RIVIERA; 

Comprising  Bordighera,  Mentone,  Monaco,  Eze,  Beaulieu,  Villefranche, 
Nice,  Caraba9el,  Cimiez,  Cannes,  Porto  Maurizio,  Diano  Marina,  Alassio, 
Verezzi,  Finalmarina,  Noli,  Monte  Grosso,  Arenzano,  Pegli,  Comigliano, 
Genoa,  and  other  towns — climatically  and  medically  considered.  By 
Arthur  Hill  Hassall,  M.D.  Map  and  Woodaits.  Crown  8vo,  lor.  6r/. 


WINTERING    IN    THE    RIVIERA;  . 

With  Notes  of  Travel  in  Italy  and  France,  and  Practical  Hints  to  Travel- 
lers. By  William  Miller,  S.S.C.  Edinburgh.  Second  and  Cheaper 
Edition,  with  12  Lithographic  Illustrations.     Post  8vo,  7x.  6</. 


THE    DIAGNOSIS    AND    TREATMENT    OF 

'''      DISEASES  OF  WOMEN,  INCLUDING  THE  DIAGNOSIS 
OF  PREGNANCY. 

By  Graily  Hewitt,  M.D.,  Professor  of  Midwifery  and  Diseases  of 
W^omen,  University  College,  and  Obstetric  Physician  to  the  Hospital.  New 
Edition,  being  the  Fourth,  in  great  part  re-written  and  much  enlarged,  with 
211  Engravings  on  Wood,  of  which  79  are  new  in  this  Edition.  8vo, 
price  24r. 
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HE     MECHANICAL     SYSTEM     OF     UTERINE 

PATHOLOGY. 

Being  the  Harveian  Lectures  delivered  before  the  Harveian  Society  of 
London,  December,  1877.  By  Graily  Hewitt,  M.D^  Professor  of 
Midwifery  and  Diseases  of  Women,  University  College,  and  Obstetric 
Physician  to  the  Hospital ;  Examiner  in  Obstetric  Me£cine  to  the  Uni- 
versity of  London.  With  31  Life-size  Illustrations  prepared  expressly  for 
this  Work.     Crown  4to,  Js.  M, 
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T  ECTURES  ON  THE  DISEASES  OF  INFANCY 

-■^     AND  CHILDHOOD. 

By  Charles  West,  M.D.,  &c..  Founder  of  and  formerly  Physician  to  the 
Hospital  for  Sick  Children.  Sixth  Edition,  revised  and  enlarged.  8vo,  i&r. 
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INTS   TO   MOTHERS  FOR  THE  MANAGE- 

MENT  OF  THEIR  HEALTH  DURING  THE  PERIOD  OF 
PREGNANCY  AND  IN  THE  LYING-IN  ROOM  : 
With  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects,  and 
Hints  on  Nursing.     By  Thomas  Bull,  M.D.     New  and  Cheaper  Edition, 
thoroughly  revised  and  improved.     Fcap.  8vo»  price  u.  6d. 

TpHE  MATERNAL  MANAGEMENT  OF  CHILDREN 

^      IN   HEALTH  AND  DISEASE. 

By  the  same  Author.     New  and  cheaper  Edition,  thoroughly  revised  and 
improved.     Fcap.  8vo,  price  ix.  (hL 
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HANDBOOK    FOR    MIDWIVES. 


By  Henry  Fly  Smith,  M.B.  Oxon.,  M.R.C.S.,  late  Assistant-Surgeon 
at  the  Hospital  for  Sick  Women,  Soho  Square.  With  41  Woodcuts. 
Crown  8vo,  price  51. 


Materia  ^tbtcs  anb  %\txixp\\\u%. 

TTHOMSON'S     CONSPECTUS    ADAPTED    TO 

*      THE  BRITISH  PHARMACOPCEIA. 

By  Edmund  Lloyd  Birkett,  M.D.,  &c.,  Physician  to  the  City  of 
London  Hospital  for  Diseases  of  the  Chest  Latest  Edition,  with  Supple- 
ment containing  Notices  of  the  Medicines  and  Preparations  addol  in 
1874  to  the  British  Pharmacopoeia.     i8mo,  6/. 
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ESSENTIALS    OF    MATERIA    MEDICA 

AND  THERAPEUTICS. 
By  Alfred  Baring  Garrod,  M.D.,  F.R.S.,  Fellow  of  the  Royal  College 
of  Physicians ;  Consulting  Ph3rsician  to  King's  Coll<%e  Hospital ;  late  Pro- 
fessor of  Therapeutics  at  King's  College,  London.  The  Ninth  Edition, 
revised  and  edited,  under  the  supervi^on  of  the  Author,  by  E.  B,  Baxter, 
M.D.,  F.R.C.P.,  Professor  of  Materia  Medica  and  Therapeutics  in  King's 
College,  London  ;  Senior  Physician  to  the  Evelina  Hospital  for  Sick 
Children ;  Assistant-Physician  to  King's  College  Hospital  Crown  8vo» 
price  I2J.  6d, 
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r)R.    PEREIRA'S    MATERIA    MEDICA    AND 

^^    THERAPEUTICS, 

Abridged,  and  adapted  for  the  use  of  Medical  and  Pharmaceutical  Prac- 
titioners and  Students.  Edited  by  Professor  R.  Bentley,  M.R.C.S., 
F.L.S.,  and  by  Professor  T.  Redwood,  Ph.D.,  F.C.S.  With  an  Ap- 
pendix containing  the  New  Medicines  included  in  1874  by  the  Medical 
Council  in  the  British  Pharmacopoeia,  and  Commentaries  thereon  by  the 
Editors.     8vo,  with  126  Woodcuts,  price  25 j. 


DICTIONARY    OF    CHEMISTRY    AND    THE 

*^    ALLIED  BRANCHES  OF   OTHER  SCIENCES. 

By  Henry  Watts,  F.R.S.,  F.C.S.,  Editor  of  the  Journal  of  the  Chemical 
Society,  assisted  by  eminent  Scitntific  and  Practical  Chemists.  With  a 
Third  Supplement,  completing  the  Record  of  Chemical  Discovery  to  the 
end  of  the  year  1878,  including  the  more  Important  Discoveries  made  in 
1879  and  1880.    9  vols.  8vo,  price  ;f  15  2j>.  6</. 


ELEMENTS  OF  CHEMISTRY, 

Theoretical  and  Practical  By  William  Allen  Miller,  M.D.,  D.C.L., 
LL.D.,  late  Professor  of  Chemistry  in  King's  College,  London.  Part  I.— 
CHEMICAL  PHYSICS,  Sixth  Edition,  revised  by  Herbert  McLeod, 
F.C.S.     With  274  Woodcuts.     8vo,  price  l6j. 

MILLER'S  ELEMENTS  OF  CHEMISTRY,  Part  II. 

^^^  INORGANIC  CHEMISTRY,  SUth  Edition,  revised  throughout,  wiUi 
Additions  by  C.  £.  Groves,  Fellow  of  the  Chemical  Societies  of  London, 
Paris,  and  Berlin.     With  376  Woodcuts.    8vo,  price  241. 

IVflLLER'S  ELEMENTS  OF  CHEMISTRY,  Part  III. 

ORGANIC  CHEMISTRY^  or  the  Chemistry  of  Carbon  Compounds. 
Hydrocarbons^  Alcohols^  Ethers,  Aldehydes  and  Paraffinmd  Acids.  Fifth 
Edition,  revised  and  in  great  part  re- written,  by  H.  £.  Armstrong, 
F.R.S.,  and  C.  E.  Groves,  F.C.S.    8vo,  price  31  j.  6d. 


INTRODUCTION  TO  THE   STUDY  OF  IN- 

ORGANIC  CHEMISTRY. 

By  William  Allen  Miller,  M.D.,  D.C.L.,  LL.D.,  late  Professor  of 
Chemistry  in  King's  College,  London.  With  71  Figures  on  Wood. 
Small  8vo,  price  3/.  6^ 
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QUANTITATIVE  CHEMICAL  ANALYSIS. 
By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,   Professor  of  Chemistry  in  the 
Andersonian  University,  Glasgow.  With  88  Woodcuts.   Small  8vo,  4^.  6^, 
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QUALITATIVE  CHEMICAL  ANALYSIS  AND 
LABORATORY  PRACTICE. 

By  T.  E.  Thorpe,  Ph.D.,  F.R.S.E.,  Professor  of  Chemistry  in  the  Ander- 
sonian University,  Glasgow;  and  M.  M.  Pattison  Muir.  With  Plate 
and  57  Woodcuts.     Snudl  8vo,  price  3/.  6d. 
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COURSE  OF  PRACTICAL  CHEMISTRY, 

Arranged  for  the  use  of  Medical  Students,  with  express  reference  to  the 
Three  Months' Summer  Practice.  By  William  Odling,  M.A.,  F,R.S. 
FiAh  Edition,  with  71  Woodcuts.     Crown  8vo,  price  6s, 
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PRACTICAL    INORGANIC    CHEMISTRY. 

An  Elementary  Text-Book  of  Theoretical  and  Practical  Inorganic  Che- 
mistry, designed  chiefly  for  the  use  of  Students  of  Science  Classes  connected 
with  the  Science  and  Art  Department  of  the  Committee  of  Council  on 
Education.  By  William  J  ago,  F.C.S.,  &c.,  Science  Master  at  Brighton 
College.     With  37  Woodcuts.     Fcap.  8vo,  2j. 

INTRODUCTION   TO   THE   STUDY    OF   OR- 

^        GANIC  CHEMISTRY; 

The  Chemistry  of  Carbon  and  its  Compounds.  By  H.  E.  Armstrong, 
F.  R.  S.,  Sec,  Chem.  Soc   2nd  Edition,  with  8  Woocfcuts.  Small  8vo,  3/.  6«/. 


,  V*  •    V'^v'VX'fciN  ^   .S*-\ 


CHEMICAL    NOTES     FOR    THE    LECTURE 

ROOM—ON  HEAT,  LAWS  OF  CHEMICAL  COMBINATION, 
AND  CHEMISTRY  OF  THE  NON-METALLIC  ELEMENTS. 
By  Thomas  Wood,  Ph.D.,  F.C.S.    Third  Edition.     Crown  8vo,  5/. 

NOTES  ON  THE  METALS,  by  the  same  Author,  Second  Edition,  price  5/. 


PRACTICAL    CHEMISTRY; 

The  Principles  of  Qualitative  Analysis.    By  William  A.  Tilpf.n.  D.  Sc. 
I*ond.  F.C.S.     Fcp.  8vo,  price  is,  6d, 

INTRODUCTION  TO  THE  STUDY  OF  CHEMI- 

•■•       CAL  PHILOSOPHY ; 

The  Principles  of  Theoretical  and  Systematic  Chemistry.     By  the  same 
Author.     With  5  Woodcuts.    Small  8vo,  y,  6d. 
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ANNALS   OF    CHEMICAL    MEDICINE; 

Including  the  Application  of  Chemistry  to  Physiolog)-,  Pathology,  Thera- 
peutics, Pharmacy,  Toxicology,  and  Hygiene.  Edited  by  J.  L.  W.  TuuDi- 
CHUM,  M.D.     Vols.  I.  and  II.,  price  14/.  each. 
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THE  ART  OF  ELECTRO-METALLURGY, 

Including  all  known  Processes  of  Electro- Deposition.  By  G.  GORE,  LL.P., 
F.R.S.     With  Woodaits  and  Diagrams.     Small  8yo,  Or. 
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EXPERIMENTAL  CHEMISTRY 

For  Junior  Students.  By  J.  Emerson  Reynolds,  M.D.,F.R.S.,  Professor 
of  Chemistry,  Univ.  of  Dublin.  Fcp.  8vo,  \rith  numerous  Woodcuts. 
Part  \,—Introdu€tcry,  price  u.  6</.  Part  II,— Non-Metah,  with  an 
Appendix  on  Systematic  Testing  for  Acids,  price  2m,  6d, 
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I    QN   ARTIFICIAL   MANURES, 

Their  Chemical  Selection  and  Scientific  Applications  to  Agriculture ;  a 
I  series  of  Lectures  given  at  the  Experimental  Farm,  Vincennes,  in  1867  ^^^^ 

i  1^74-75*    ^y  Georges  Ville.    Translated  and  edited  by  W.  Crookes, 

I  F.R.S.,  V.P.C.S.    Second  Edition,  with  31  Illustrations.    8vo,  price  au. 


INDUSTRIAL  CHEMISTRY; 

A  Manual  for  use  in  Technical  Colleges  or  Schools,  also  for  Manufacturers 
and  oUiers,  based  on  a  Translation  of  Stohmann  and  £ngler*s  German 
Edition  of  Payen's  Pricis  de  Chimie  IndustrielU^  Edited  and  supple- 
mented with  Chapters  on  the  Chemistry  of  the  Metals,  &c.,  by  B.  H. 
Paul,  Ph.D.     With  698  Woodcuts.     ^Iedium  8vo,  42J. 
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piESSE'S    ART    OF    PERFUMERY, 

And  Methods  of  obtaining  the  Odours  of  Plants  ;  the  Growth  and  General 
Flower  Farm  System  of  raising  Fragrant  Herbs  ;  with  Instructions  for  the 
Manufacture  of  Perfumes  for  the  Handkerchief,  Scented  Powders,  Odorous 
Vinegars  and  Salts,  Snuflf,  Dentifrices,  Cosmetics,  Perfumed  Soap,  &c  To 
which  is  added  an  Appendix  on  Preparing  Artificial  Fuiit  Essences,  &c. 
Fourth  Edition,  with  loo  Woodcuts.    Square  crown  8vo,  21J. 
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DRANDE'S  DICTIONARY  OF  SCIENCE,  LITE- 

"    RATURE,  AND  ART; 

Comprising  the  Definitions  and  Derivations  of  the  Scientific  Terms  in 

feneral  use,  together  with  the  History  and  Descriptions  of  the  Scientific 
rinciples  of  nearly  every  branch  of  Human  Knowledge.  Re-edited  by  the 
Rev.  Sir  G.  W.  Cox,  Bart.,  M.A.    3  vols,  medium  8vo,  63J. 


TIRE'S   DICTIONARY  OF  ARTS,   MANUFAC- 

TURES,  AND  MINES; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  The  Seventh 
Edition,  completely  revised  and  greatly  enlarged  by  Robert  Hunt, 
F.R.S.,  Keeper  of  Mining  Records,  assisted  by  F.  W.  Rudler  '"  S. 
and  by  numerous  Contributors.  With  2,604  Woodcuts.  4  vols,  medium 
8vo,  price  7/.  7j, 


ELEMENTARY  TREATISE  ON  PHYSICS; 

Experimental  and  Applied,  for  the  use  of  Colleges  and  Schools.  Trans- 
lated and  edited  from  Ganot*s  EUmettts  dt  Physique  (with  the  Author's 
sanction)  by  £.  Atkinson,  Ph.D.,  F.C.S.,  Professor  of  Experimental 
Science,  Staff  College,  Sandhurst.  Tenth  Edition,  revised  and  enlarged, 
with  4  Coloured  Plates  and  844  Woodcuts.     Large  crown  8vo,  price  15/. 
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>JATURAL     PHILOSOPHY    FOR    GENERAL 

••"^  READERS  AND  YOUNG  PERSONS; 

Being  a  Course  of  Physics  divested  of  Mathematical  Fonnulae,  and  ex- 
pressed in  the  language  of  daily  life.  Translated  from  Ganot's  Cowrs  de 
Physique  {-mih.  the  Author's  sanction)  by  E.  Atkinson,  Ph.D.,  F.C.S. 
Fourth  Edition,  carefully  revised ;  with  25  pages  of  New  Matter,  2 
Coloured  Plates,  and  471  Woodcuts.     Crown  8vo,  price  7/.  6^. 


•y\^\,  \'vx\yw  N'  ^y^*  ^y  > 


ARNOTT'S    ELEMENTS    OF     PHYSICS     OR 

^^    NATURAL  PHILOSOPHY. 

Seventh  Edition,  edited  by  A.  Bain,  LL.D.,  and  A.  S.  TAYLOR,  M.D., 
F.R.S.     Crown  8vo,  Woodcuts,  12^.  6r/. 

HEAT  A  MODE  OF  MOTION. 

By  John  Tyndall,  LL.D.,  D.C.L.,F.R.S.,  Professor  of  Natural  PhUosophy 
in  the  Royal  Institution  of  Great  Britain.  Sixth  Edition  (Thirteenth 
Thousand),  thoroughly  revised  and  enlarged ;  with  Frontispiece  and  123 
Woodaits.    Crown  8vo,  izs, 

COUND. 

By  the  same  Author.     A  New  Edition,  being  the  Fourth,  thoroughly  revised, 
and  including  Recent  Researches.  Crown  8vo,  with  Woodcuts.    \ln  the  Press, 

T  ECTURES   ON  LIGHT  delivered  in  America  in  1872 

and  1873.     By  the  same  Author.     Second  Edition,  with  Portrait  engraved 
on  Steel,  i  Lithographic  Plate,  and  59  Diagrams.  Crown  8vo,  price  7x*  dd, 

T  ESSONS    IN    ELECTRICITY    AT    THE    ROYAL 

-^      INSTITUTION  OF  GREAT  BRITAIN,  1875-76. 
By  the  same  Author.     With  58  Woodcuts.     Crown  8vo,  2j.  6*/. 

TSJOTES    OF  A   COURSE   OF   SEVEN    LECTURES 

■*-^      ON    ELECTRICAL    PHENOMENA    AND    THEORIES.     By  the 
same  Author.     Crown  8vo,  price  \s,  sewed,  or  ix.  dd,  cloth. 

MOTES  OF  A  COURSE  OF  NINE  LECTURES  ON 

LIGHT.    By  the  same  Author.    Crown  8vo,  ix.  sewed,  or  ix.  6*/.  cloth* 

pRAGMENTS   OF  SCIENCE; 

^        A  Series  of  Detached  Essays,  Addresses,   and  Reviews.      By  the  same 
Author.     Sixth  Edition,  revised  and  augmented.     2  vols,  post  ovo,  i6r. 

-RESEARCHES     ON    THE    FLOATING    MATTER 

-■•^    OF  THE  AIR   IN  RELATION  TO  PUTREFACTION  AND   IN- 
FECTION.    With  24  Woodcuts.     Crown  8vo,  7x.  6^. 
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npEXT-BOOK  OF  PHYSICAL  OPTICS. 

'*'      By  R.  T.  Glazebrook,  M.A.,  Fellow  and  Lecturer  of  Trmity  College, 
Cambridge.    Small  8vo,  with  numerous  Woodcuts,  price  6j. 
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yiBRATORY  MOTION  AND  SOUND. 

By  J.  D.  Everett,  M.A.,  D.C.L..  F.R.S.,  F.R.S.E.  ;  Professor  of 
Natural  Philosophy  in  the  Queen's  College,  Belfast.  With  48  Woodcuts 
and  4  Lithographic  Plates  of  Diagrams.    8vo,  price  7x.  dd* 
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13 


A'^ 


AND    RAIN  J 

The  Beginnings  of  a  Chemical  Climatology.  By  Robert  Angus  Smith, 
Ph.D.,  F.R.S.,  F.C.S.  (General)  Inspector  of  Alkali  Works  for  the  Govern- 
ment    With  8  Illustrations.     Svo,  price  241'. 


^-'^.'     'X^^y-v^-^/A./-*  r-K'>-  '\  •  \  -"^ 


'T'HE  CORRELATION  OF  PHYSICAL  FORCES. 

Sixth  Edition,  with  other  contributions  to  Science.  By  the  Hon.  Sir  W. 
R.  Grove,  M.A.,  F.R.S.,  one  of  the  Judges  of  the  Court  of  Common 
Pleas.    8vo,  price  15J'. 
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SHORT  MANUAL  ON  HEAT  FOR  THE  USE 

OF  SCHOOLS  AND  SCIENCE  CLASSES.  By  the  Rev.  A.  Irving, 
B.  A.  and  B.Sc.,  Second  Master  of  the  High  School,  Nottingham.  With 
33  Diagrams.    Small  8vo,  price  2i.  6</. 
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npHEORY  OF  HEAT. 

By  J.  Clerk  Maxwell,  M.A.,  LL.D.  Edin.,  F.R.SS.  L.  &  E.,  Professor 
of  Experimental  Physics  in  the  University  of  Cambridge.  With  41  Wood- 
cuts and  Diagrams.     Small  8vo,  price  3/.  6</. 
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TPHERMODYNAMICS. 

By  Richard  Wormell,  D.Sc,  M.A.,  Head-Master  of  the  Middle-Class 
Corporation  School,  London.  Edited  by  Professor  G.  C.  Foster, 
F.R.S.,  and  P.  Magnus,  B.Sc,  B. A.  With  41  Diagrams.  Fcp.  8vo, 
price  If.  6</. 
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elements  of  astronomy. 

By  Robert  S.  Ball,  LL.D.,  F.R.S.,  Professor  of  Astronomy  in  the 
University  of  Dublin,  and  Royal  Astronomer  of  Ireland.  With  136  Figures 
and  Diagrams.     Small  8vo,  price  6f . 
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OUTLINES  OF  ASTRONOMY. 

By  Sir  John  F.  W.  Herschel,  Bart,  ICH.,  &c.,  Member  of  the  Insti- 
tute of  France.  Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams. 
Square  crown  8vo,  price  I2j. 
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CELESTIAL  OBJECTS  FOR  COMMON  TELE- 

SCOPES. 

By  the  Rev.  T.  W.  Webb,  M.A.     Fourth  Edition,  adapted  to  the  Present 

State  of  Sidereal  Science  ;  Map,  Plate,  Woodcnts.    Crown  8vo,  price  91. 

NEW  STAR  ATLAS, 

For  the  Library,  the  School,  and  the  Observatory,  in  Twelve  Circular  Maps 
(with  Two  Index  Plates).  Intended  as  a  Companion  to  '  Webb*s  Celestial 
Objects  for  Common  Telescopes.'  With  a  Letterpress  Introduction  on  the 
Study  of  the  Stars,  illustrated  by  9  Diagnuns.  By  Richard  A.  Proctor, 
B.A.,  Hon.  Sec  R.A.S.    Crown  8vo,  price  5j. 
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SUN:    RULER,    LIGHT,     FIRE,     AND 

LIFE  OF  THE  PLANETARY  SYSTEM. 

By  Richard  A.  Proctor,  B.A.    Third  Edition,  revised  ;  with  9  Plates 

(7  coloured)  and  1 10  Figures  engraved  on  Wood.     Crown  8vo,  price  14/. 
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'THE    MOON; 

Her  Motions,  Aspects,  Scenery,  and  Physical  Condition.  By  RicHAKD 
A.  Proctor,  B.A.  With  Plates,  Charts,  Woodcuts,  and  Lunar  Photo- 
graphs.    Crown  8vo,  lo;.  6d, 

OTHER  WORLDS  THAN  OURS; 

The  Plurality  of  Worlds  Studied  under  the  Light  of  Recent  Scientific 
Researches.  By  the  same  Author.  Fifth  Edition,  revised  and  enlarged ; 
with  14  Illustrations  (6  coloured).     Crown  8vo,  price  lor;  6^. 

HE  ORBS  AROUND  US; 

A  Series  of  Familiar  Essays  on  the  Moon  and  Planets,  Meteors  and  Comets, 
the  Sun  and  Coloured  Pairs  of  Suns.  By  the  same  Author.  Second 
Edition,  with  Chart  and  4  Diagrams.     Crown  8vo,  price  7/.  6t/. 

npRANSITS  OF  VENUS. 

A  Popular  Account  of  Past  and  Coming  Transits,  from  tlie  First  Observed 
by  Horrocks,  A.D.  1639,  to  the  Transit  of  A.D.  20x2.  By  the  same  Author. 
Fourth  Edition,  with  20  Plates  (12  Coloured)  and  38  Woodcuts.  8vo, 
price  Sj.  6</. 

STUDIES  OF  VENUS-TRANSITS. 

An  Investigation  of  the  Circumstances  of  the  Transits  of  Venus  in  1874  and 
1882.  By  the  same  Author.  With  7  Diagrams  and  10  Plates  of  Figures. 
8vo,  5^. 

ESSAYS  ON  ASTRONOMY; 

A  Series  of  Papers  on  Planets  and  Meteors,  the  Sun  and  Sun-surrounding 
Space,  Stars,  and  Star  Cloudlets ;  and  a  Dissertation  on  the  approaching 
Transit  of  Venus.  By  the  same  Author.  With  10  Plates  and  24  Wood- 
cuts.   8vo,  price  lis. 

TREATISE  ON  THE  CYCLOID, 

And  on  all  forms  of  Cycloidal  Curves,  and  on  the  use  of  Cycloidal  Curves 
in  dealing  with  the  Motions  of  Planets,  Comets,  &c.,  and  of  Matter  pro- 
jected from  the  Sun.     By  the  same  Author.     Crown  8vo,  lor.  6r/. 

LIGHT  SCIENCE  FOR  LEISURE  HOURS; 

A  Series  of  Familiar  Essays  on  Scientific  Subjects,  Natural  Phenomena,  &c. 
By  the  same  Author.  First,  Second,  and  Third  Series.  Crown  8vo,  price 
7^.  6</.  each. 
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HANDBOOK     OF     PRACTICAL      TELE- 
GRAPHY. 

By  R.  S.  CuLLEY,  Member  Inst.  C.E.,  Engineer-in-chief  of  Tel^iraphs  to 
the  Post  Office.  The  Seventh  Edition,  revised  and  enlarged ;  wiUi  132 
Woodcuts  and  18  Lithographic  Plates  of  Apparatus.     8vo,  price  16$, 
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'pEXT-BOOK  OF  TELEGRAPHY. 

By  W.  H.  Preece,  C.E.,  Divisional  £n|;ineer,  P.O.  Telegraphs;  and 
J.  SiVEWRiGHT,  M.A.,  Superintendent  (Engineering  Department)  P.O. 
Telegraphs.  With  160  Figures  and  Diagrams  engraved  on  wood.  Small 
8vo,  y,  6d» 
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TREATLSE  ON  PHOTOGRAPHY. 

By  W.  De  WiVELESUE  Abney,  F.R.S.,  Captain  in  the  Corps  of  Royal 
Engineers,  late  Instructor  in  Chemistry  and  1  holography.  School  of  Mili- 
tary Engineering,  Chatham.     With  105  Diagrams.     Small  8vo,  3#.  6d^. 
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'Y^EXT-BOOK  OF  SYSTEMATIC  MINERALOGY. 

By  Hilary  Bauerman,  F.G.S.,  Associate  of  the  Royal  School  of  Mines. 
With  372  Woodcuts.     Small  8vo,  6j. 
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METALS,  THEIR  PROPERTIES  and  TREAT- 
MENT. 

By  C.  L.  Bloxam,  Professor  of  Chemistry  in  King's  Collie,  London. 
With  105  Figures  on  Wood.  New  Edition,  partially  re-written  and 
augmented,  by  A.  K.  Huntington,  Professor  of  Metallurgy  in  King's 
College,  London.     Small  8vo,  price  5/. 

MANUAL  OF  PRACTICAL  ASSAYING. 

By  John  Mitchelt^  F.CS.  Fifth  Edition,  in  which  are  incorporated 
all  the  recent  valuable  improvements  in  Assaying ;  including  Volumetric 
and  Colorimetric  Assays,  and  the  Blowpipe  Assays.  Edited  and  re- written 
by  W.  Crookes,  F.R.S.,  with  188  Woodcuts.     8vo,  31  j.  6</. 

A  PRACTICAL  TREATISE  ON  METALLURGY, 

Adapted  from  the  last  German  Edition  of  Professor  Kerl's  Metallurgy^ 
by  William  Crookes,  F.R.S.,  and  Ernst  Rohrig,  Ph.D.  3  vols. 
8vo,  price  4/.  19J. 

THE  TREASURY  OF  BOTANY,  OR  POPULAR 

DICTIONARY  OF  THE  VEGETABLE  KINGDOM; 

With  which  is  incorporated  a  Glossary  of  Botanical  Terms.  Edited  by 
J.  LiNDLEY,  M,D.,  F.R.S.,  and  T.  Moore,  F.L.S.,  With  20  Steel 
Plates,  and  numerous  Woodcuts.     2  Parts,  fcap.  8vo,  \ls. 
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T  GUDGN'S  ENCYCLOP-ffilDIA  GF  PLANTS: 


Comprising  the  Specific  Character,  Description,  Culture,  History,  Applica- 
tion in  the  Arts,  and  every  other  desirable  particular  respecting  all  the 
plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Corrected 
by  Mrs.  Loudon.     8vo,  with  above  12,000  Woodcuts,  price  42s, 
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HECAISNE  &  LE  MAOUT'S  GENERAL  SYS- 

-*^  TEM  OF  DESCRIPTIVE  AND  ANALYTICAL  BOTANY. 
The  Orders  arranged  after  the  Method  followed  in  the  Universities  and 
Schools  of  Great  Britain,  its  Colonies,  America,  and  India,  with  Additions, 
an  Appendix  on  the  Natural  Method,  and  a  Synopsis  of  the  Orders,  by 
J.  D.  Hooker,  C.  B.  ,  F.  R.  S.  With  5, 500  Woodcuts.  Imperial  8vo,  3  is,  6d. 
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^TEXT-BOOK   OF  STRUCTURAL   AND    PHY- 

BIOLOGICAL  BOTANY. 

By  Professor  Otto  W.  Thom^:.  Translated  and  edited  by  A.  W.  Ben- 
nett, M.A.,  B.  Sc,  F.L.S.,  Lecturer  on  Botany  at  St.  Thomas's  Hospital. 
With  Map  and  600  Woodcuts.    Small  8vo,  6f. 

PLEMENTARY     BOTANY,     THEORETICAL 

'*-'      AND  PRACTICAL. 

A  Text-Book  designed  primarily  for  Students  of  Science  Classes  connected 
with  the  Science  and  Art  Department  of  the  Committee  of  Conncil  on 
Education.  By  H.  Edmonds,  B.Sc,  Lond.,  &c.  With  312  Woodcuts. 
Fcp.  8vo,  price  2j. 
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